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Abstract The objective was to eval-
uate whether the echogenicity of focal
liver lesions (FLLs) on baseline gray-
scale ultrasound (US) interferes with
the diagnostic performance of con-
trast-enhanced US (CEUS) for small
FILLs. Three-hundred and eighty-eight
patients were examined by real-time
CEUS using a sulfur hexafluoride-
filled microbubble contrast agent. The
images of 114 hyperechoic lesions, 30
isoechoic lesions and 244 hypoechoic
lesions were reviewed by two blinded
independent readers. A five-point
confidence level was used to discri-
minate malignant from benign lesions,

Introduction

and specific diagnoses were made.
The diagnostic performances were
evaluated by receiver-operating char-
acteristic (ROC) analysis. The diag-
nostic performances of CEUS on
hyperechoic lesions in terms of the
areas {Az) under the ROC curve were
(.987 (reader 1) and 0.981 (reader 2),
and were 0.987 (reader 1) and 0.984
(reader 2) for iso- and hypoechoic
lesions, respectively. The sensitivity,
specificity, positive predictive value,
negative predictive value, and accu-
racy were 87.0-95.9%, 93.1-100%,
88.6-100%, 70.0-97.1% and 90.0—
95.1%, respectively. The echogenicity
of FLLs on baseline gray-scale US
does not appear to interfere with the
diagnostic ability of CEUS for small
FLLs.

Keywords Echogenicity - Contrast
agent - Focal liver lesion - Ultrasound

Contrast-specific US techniques are generally based on

The advent of low mechanical index (MI) contrast-
enhanced ultrasound (CEUS) techniques and second-
generation US contrast agents (UCA) provides us with a
new noninvasive method of detecting and characterizing
focal liver lesions (FLIs) in clinical practice. The
enhancement patterns of different kinds of FLLs on
CEUS have been well depicted, and the CEUS diagnostic
performance on FLLs has been greatly improved compared
with conventional gray-scale US, with 85-96% overall
accuracy in differentiating malignant FLLs from benign
ones and 81-88.5% overall accuracy in characterization of
specific FLLs [1-6].

Published online: 10 January 2009

the cancellation and/or separation of linear US signals from
tissue and utilization of the nonlinear response from UCA
microbubbles. Most times, nonlinear harmonic US signals
may still arise in tissues during sound wave propagation
through the tissue, even though low MI real-time contrast-
specific techniques may suppress tissue harmonic signals
effectively [1, 7-9]. Therefore, insufficient suppression of
tissue response by contrast-specific imaging, especially
when the M1 is relatively high in some circumstances, may
degrade the imaging quality and cause erroneous interpre-
tation of CEUS.

Recently, a paper reported that a kind of discordance
between the enhancement pattern of FLLs on CEUS and
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computed tomography (CT)/magnetic resonance imaging
(MRI) is caused by fat in lesions, which shows hyper-
echogenicity on CEUS compared with its low attenuation
on CT and low signal intensity on MRI [9]. It was
presumed that the enhancement caused by the contrast
agent is added to the baseline echogenicity of the FLLs
containing fat and produced an erroneous interpretation of
the degree of enhancement of the lesion.

This study atmed to assess whether the echogenicity of
FLLs on baseline gray-scale US interferes with the
diagnostic performance of real-time CEUS with a sulfur
hexafluoride (SF6)-filled microbubble UCA.

Materials and methods
Patients

From March 2004 to Oct 2006, 388 patients with FLLs
were retrospectively analyzed in this study. The inclusion
criteria were as follows: (1) maximal lesion no larger than
3.0 cm in diameter; (2) lesion number less than 5; (3) no
previously treated lesion; (4) no simple cystic lesion; (5)
confirmed diagnosis by histopathology or clinical criteria.
There were 272 men and 116 women with a mean age + SD
of 48.7:£13.5 years (age range, 20--82 years). Among these
388 patients, 313 had a solitary lesion and 75 had multiple
lesions. Only the most identifiable lesion on baseline gray-
scale US was selected as the one to evaluate with CEUS
when a patient had multiple lesions; thus, a total of 388
FLLs were evaluated in this study. The lesions were
hyperechoic in 114, isoechoic in 30 and hypoechoic in 244
on baseline gray-scale US imaging. The maximal diameters
of the lesions ranged from 0.9 to 3.0 cm (mean, 2.0+
0.6 cm). The final diagnoses of the lesions were 186
malignant and 202 benign FLLs, including 144 hepatocel-
lular carcinomas (HCC), 37 metastatic liver cancers
(MLC), 4 intrahepatic cholangiocarcinomas (ICC), 1
lymphoma, 77 hemangiomas, 28 focal nodular hyperpla-
sias (FNH), 41 macro regenerative nodules (MRN}, 6 focal
fatty infiltrations, 35 focal fatty sparing, 3 dysplastic
nodules, 6 inflammatory pseudotumors, 3 liver abscesses, 2
solid necrotic nodules, and 1 liver angioleiomyolipoma.
Details of the echogenicities and final diagnosis of all the
lesions were shown in Table 1.

The diagnoses of HCC were confirmed by histopathology
in 83 lesions, with the specimens obtained by US-guided
percutaneous biopsy (n=51) or surgery (n=32). The
remaining 61 HCC lesions were confirmed by typical
imaging findings on contrast-enhanced CT and/or MRI
combined with positive laboratory data, such as hepatitis B
or Cand elevated serum a-fetoprotein level (over 400 ng/ml)
[10]. Twenty-two MLC lesions were confirmed by histo-
pathological examination, with the specimens obtained by
percutaneous biopsy (#=14) or surgery (n=8), and the
remaining 15 lesions were confirmed by clinical data such as

Table 1 Echogenicity of focal liver lesions on baseline gray-scale US

Entity Hyperechoic Isoechoic Hypoechoic Total
HCC 30 20 94 144
MLC il 2 24 37
ICC 1 1 2 4
Lymphoma - - 1 |
Hemangiomas 45 3 29 77
FNH 1 2 25 28
MRN 18 2 21 41
Focal fatty 6 - 35 41
infiltration/sparing

Dysplastic nodule - -~ 3 3
Abscess - 3 3
Inflammatory 1 5

pseudotumor

Solid necrotic nodule - 2 2
Angiomyolipoma 1 - - 1
Total 114 30 244 388

history of the primary malignancy, newly detected and
continuously enlarged FLLs, and typical imaging findings
on contrast-enhanced CT/MRI[2, 3, 5]. The metastases were
secondary to colorectal carcinoma (n=27), pancreatic
carcinoma (n=4), breast carcinoma (n=1), gastric carcino-
ma (n=1), gastric leiomyosarcoma (n=1), duodenal papilla
carcinoma (n=1), renal carcinoma (n=1), and unknown
primary cancer (n=1). The 1CC lesions were confirmed
histopathologically with the specimens obtained by US-
guided percutaneous biopsy (n=2) or surgery (n=2). All the
hemangiomas were proved by characteristic findings on
contrast-enhanced CT/MRI and lack of change in lesion size
for at least 6 months on imaging follow-up [2, 5]. All the
lesions of FNH, MRN, dysplastic nodule, focal fatty
infiltration or sparing, inflammatory pseudotumor, liver
abscess, solid necrotic nodule, liver angioleiomyolipoma
and hepatic lymphoma were confirmed by US-guided
percutaneous biopsy and imaging follow-up for at least
6 months. Informed consents for the entire procedures were
obtained from all the patients.

Contrast-enhanced sonography

The US machines and contrast-specific software used in
this study were an Acuson Sequoia 512 machine with
contrast-pulse sequencing (CPS) sofiware (Siemens Med-
ical Solutions, Mountain View, Calif.) and an Aplio XV
scanner with contrast harmonic imaging (CHI) software
(Toshiba Medical Systems, Tokyo, Japan). Detail para-
meters were shown in Table 2. Seventeen patients were
performed with CHI techniques and 371 patients with CPS
techniques in the present study. The contrast agent used in
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Table 2 Scttings of the US equipment

Parameter Specification/setting
Machine type Acuson Sequoia 512 Toshiba Aplio XV
Transducer 4 V1 vector transducer,1-4 MHz 375 BT convex transducer, 3.5 MHz

Imaging mode Contrast pulse sequencing

Ml 0.1-0.19 (as read on screen)
Frequency (MHz) 15,20

Frame rate (Hz) 8

Gain Auto adjust

TGC curve Positioned at center

Depth {cm) 516

Focus position Bottom of the lesion

Focus number 2

Contrast harmonic imaging
0.06--0.10 (as read on screen)
25,35

10, 17

Auto adjust

Positioned at center

8-15

Bottom of the lesion

]

the present study was an SF6-filled microbubble contrast
agent (SonoVue, Bracco, Milan, Italy).

In the CPS technique, a series of three pulses that differ in
amplitude and phase is sent along each line, and through an
acceptable combination of these pulses, microbubble-
specific nonlinear fundamental and harmonic US frequen-
cies are imaged. While CHI technique relies on transmitting
a pair of acoustic pulses of opposite phase at low acoustic
pressures and then summing the received signal. The linear
echoes from tissue are cancelled during summation,
whereas nonlinear echoes from microbubbles are summed
coherently. Both of these techniques allow continuous low
MI imaging with a high microbubble-tissue ratio and spatial
resolution [2, 7-9].

Before administration of the UCA, baseline gray-scale
US was performed to scan the liver thoroughly. The
imaging settings of the US scanners were optimized to
get the best depiction of the target lesion. The diagnostic
information, including the diameter, echogenicity, shape
and margin of each lesion, was recorded. After initiation
of contrast-specific imaging mode, the imaging settings
including the gain, depth, and focus, were readjusted to
best visualize the target lesion and surrounding liver
parenchyma. A volume of 2.4 ml of contrast agent was
injected into the antecubital vein in a bolus fashion through
a 20-gauge intravenous cannula, followed by a flush of
5 ml of 0.9% normal saline solution. The timer was
activated simultaneously at the beginning of UCA
administration. The lesion was observed continuously
for 6 min under contrast-specific imaging. According 1o
previous reports, the arterial phase was defined as 8-30 s
after contrast-agent injection, the portal phase as 31-120s,
and the late phase as 121-360 s [1--5]. Both the digital cine
clips of baseline gray-scale US and the whole process of
CEUS images were stored in the hard disk incorporated in
the scanner and were converted from DICOM files into
low compressed AVI files for subsequent analysis on a

personal computer. No patient received an additional
administration of the contrast agent in this study. All
baseline gray-scale US and CEUS were performed by one
of two skilled investigators with at least 3 years’
experiences of CEUS.

Image analysis

Digital cine clips of baseline and CEUS image were
retrospectively analyzed in a randomized order by two
independent readers who had at least 5 years® experience in
CEUS of the liver, were not involved in the scanning, and
were blind to clinical, histopathological and other imaging
results. After reviewing the images, the readers were asked
to make a diagnosis of benignity or malignance for each
lesion. The grade of enhancement on CEUS was divided
into hypoenhancement, isoenhancement and hyperen-
hancement compared with the surrounding liver parenchy-
ma. Hyperenhancement in the arterial phase with complete
washout in portal and late phase was diagnostic criteria for
malignant lesion; hyper- or isoenhancement in arterial
phase without washout in portal and late phase was
diagnostic criteria for benign lesion. The diagnostic
confidence was graded by a five-point scale: 1, definitely
benign; 2, probably benign; 3, indeterminate; 4, probably
malignant; 5, definitely malignant [2, 3, 5]. Then the
readers were asked to make a specific diagnosis according
to the well-established diagnostic criteria described in
previous reports {1-5].

Statistical analysis

All the FLLs were divided into two groups according to
their echogenicities on baseline gray-scale US as hyper-
echoic group and iso-/hypoechoic group. The grade of
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Table 3 Enhancement level of benign focal liver lesions on different vascular phases

Bascline US Reader Arterial phase Portal phase Late phase
Hyper Iso Hypo Hyper Iso Hypo Hyper Iso Hypo

Hyperechoic i 48 23 1 37 33 2 34 33 5

2 50 21 1 36 34 2 35 33 4
Isoechoic 1 5 2 0 5 2 0 5 2 0

2 5 2 0 5 2 0 2 0
Hypoechoic I 66 53 2 35 76 10 34 77 10

2 68 51 2 36 75 10 34 76 11
P 1 0.517 0.007* 0.025°%

2 0.444 0.015% 0.017°

“Statistically significant difference

enhancement of FLLs with different echogenicity on
baseline gray-scale US was compared by the x° test. The
diagnostic confidence in differentiating benign FLLs from
malignant FLLs with different echogenicity on baseline
gray-scale US was assessed by a receiver-operating
characteristic (ROC) curve, and the diagnostic performance
was expressed as area under the ROC curve (Az).
Interobserver agreement in diagnostic performance was
evaluated by weighted « statistics. Agreement was graded
as poor (k<0.20), moderate (k=0.20 to <0.40), fair (k=
0.40 to <0.60), good (k=0.60 to <0.80), or very good (k=
0.80--1.00). According to the rule that lesions assigned a
confidence grade of 4 or 5 were defined as positive results,
and those assigned a confidence grade of 3 or less were
defined as negative results, the sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and accuracy were calculated with respect to
echogenicity of FLLs on baseline gray-scale US. The
relationship between correctly characterized FLLs with
different echogenicity on baseline gray-scale US was
assessed by the x* test. A P value less than 0.05 was
considered a statistically significant difference. The

statistical analyses were performed using the SPSS 11.0
software package (SPSS, Chicago, IlL.).

Results

Enhancement of the FLL and surrounding liver parenchy-
ma in every patient of the present study was depicted well
by CEUS imaging. As to the grade of enhancement of
benign FLLs, there was no significant difference between
the hyperechoic group and iso-’hypoechoic group on the
arterial phase (P>0.05 for both readers, x~ test); while
significant differences were shown between the two groups
in case of the grade of enhancement on the portal and late
phases (P<0.05 for both readers, X~ test). With regard to
the malignant FLLs, the grade of enhancement during all
the vascular phases of CEUS showed no significant
differences between the hyperechoic group and iso-/
hypoechoic group (P>0.05 for both readers, X° test).
Details of the grade of enhancement of benign and
malignant FLLs on different vascular phases of CEUS
were shown in Tables 3 and 4.

Table 4 Enhancement level of malignant focal liver lesions on different vascular phases

Baseline US Reader Arterial phase Portal phase Late phase
Hyper Iso Hypo Hyper Iso Hypo Hyper Iso Hypo

Hyperechoic 1 38 2 2 2 4 36 1 2 39

2 39 2 1 2 3 37 1 1 40
Isoechoic 1 17 5 1 0 4 19 0 3 20

2 17 5 1 0 4 19 0 2 21
Hypoechoic 1 11 9 1 3 29 89 2 9 110

2 112 8 1 3 27 91 2 10 109
P 1 0.060 0.275 0.431

2 0.069 0.203 0.686
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With regard to differentiation of malignant FLLs from
benign ones by using the rule of contrast washout in the
portal and late phases of CEUS, the numbers of lesions
with an allocated confidence level in terms of definitely
benign, probably benign, indeterminate, probably malig-
nant, and definitely malignant were 56 (49.1%), 13
(11.4%), 1 (0.9%), 10 (8.8%), and 34 (29.8%) for
hyperechoic FLLs, and 94 (34.3%), 27 (9.9%), 8 (2.9%),
24 (8.8%), and 121 (44.2%) for iso- and hypoechoic FLLs
inreader 1. The corresponding numbers in reader 2 were 56
(49.1%), 12 (10.5%), 2 (1.8%), 8 (7.0%), and 36 (31.6%)
for hyperechoic FLLs, and 102 (37.2%), 15 (5.5%), 12
(4.4%), 23 (84%), and 122 (44.5%) for iso- and
hypoechoic ones, respectively. The diagnostic perfor-

Fig. la-d Diagnostic perfor- @
mance of CEUS on small

focal liver lesions with differ-
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(248/274) by reader 2, respectively (P=0.974, x° test).
Both readers made wrong diagnoses in the same 24 lesions,
including 6 inflammatory pseudotumors (hyperechoic in 1,
hypoechoic in 5), 4 HCCs (hyperechoic in 1, isoechoic in 1
and hypoechoic in 2), 3 MRNs (hypoechoic in I,
hyperechoic in 2), 3 ICCs (both hypoechoic), 2 FNHs
{(both hypoechoic), 2 dysplastic nodules (both hypoechoic),
1 abscess (hypoechoic), 1 MLC from renal carcinoma
(hyperechoic), | lymphoma (hypoechoic) and 1 focal fatty
sparing (hypoechoic).

Discussion

Conventional gray-scale US is the most convenient
imaging modality to detect and characterize FLLs during
clinical practice. The newly developed CEUS techniques,
which follow upon the merits of convenience and economy
of conventional gray-scale US, were widely used to
characterize FLLs by demonstrating accurate information
of wvascularity in lesions. As expected, satisfactory
performance on characterization of FLLs with real-time
CEUS and second-generation UCA has been reported in
many studies [1-5].

Contrast-specific imaging techniques mainly use two
different mechanisms to stimulate the nonlinear response of
UCA microbubbles, one is oscillating the microbubbles at
low acoustic pressure and the other is destroying the
microbubbles under high acoustic pressure [1, 7, 11].

Fig. 2a-d HCCina 57-yearr g
old man. a Baseline sonography
shows a hyperechoic lesion
(arrows) sized 1.5 ¢cm in diam~
eter in segment 4. b CEUS
image with CPS technique ob-
tained before contrast agent
administration shows not en-
ough suppression of baseline
information (CA mode, right
side of the image, arrows). ¢
CEUS image obtained 18 s after
contrast agent administration
shows homogeneous hyperen-
hancement of the lesion (ar-
rows). d CEUS image obtained
78 s after contrast agent admin-
istration shows homogeneous
hypoenhancement of the lesion
(arrows)

Although high M1 (>0.5) techniques can show very strong
stimulation of acoustic emission signals and produce bright
transient signal enhancement, the weaknesses are that the
harmonic response from tissue increases with acoustic
pressure and enhancement can only been imaged inter-
mittently. Low MI (<0.2) techniques can achieve the most
of non-linear response from the second generation of UCA
microbubbles and the least response from tissues in a real-
time mode. However, harmonic frequencies from tissue
still cannot be completely avoided during the imaging
process, which may degrade the imaging quality of CEUS
[7-9]. Different kinds of tissues show variable abilities to
generate harmonic signals when exposed to US; this is
particularly true in deep or fat tissues, which usually
present a particular challenge to CEUS because bubble-to-
tissue contrast is seriously decreased due to insufficient
depression of the echoes from these tissues. For those FLLs
which are hyperechoic on baseline gray-scale US,
especially due to containing fat tissues, the enhancement
caused by the contrast agent is added to the baseline
echogenicity and can produce an erroneous interpretation
of the degree of enhancement of those lesions {9].

In the present study, the grade of enhancement of benign
FLLs on arterial phase and malignant FLLs during all the
vascular phases of CEUS showed no significant differences
between the hyper- and iso/hypoechoic lesions according
to the echogenicity on baseline gray-scale US. The
hyperechoic FLLs in the present stady were mainly
composed of 30 HCCs, 45 hemangiomas, 11 MLCs, and

b
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Fig. 3a-h Angiomyolipoma
in a 34-year-old woman. a
Baseline sonography shows a
hyperechoic lesion (arrows)
sized 2.5 cm in diameter in
segment 4. b Color Doppler
image shows peripheral vas-
cularity. ¢ CEUS image with
CPS technique obtained 16 s
after contrast agent adminis-
tration shows homogeneous
hyperenhancement of the le-
sion (arrows). d CEUS image
obtained 57 s after contrast
agent administration shows
homogeneous isoenhancement
of the lesion (arrows). e CEUS
image obtained 180 s after
contrast agent administration
shows homogeneous isoen-
hancement of the lesion
(arrows). f CT plain US study
shows a low attenuation lesion
in segment 4 {(arrows). g Ar-
terial phase of contrast-
enhanced CT shows hyperen-
hancement of the lesion
(arrows). h Portal phase of
contrast-enhanced CT shows
isoenhancement of the lesion
{arrows)

a
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18 MRNs, Except for some of the HCC and MRN lesions,
it seems the majority of the hyperechoic lesions lack fat
tissues {12, 13] (Fig. 2). The only angiomyolipoma lesion
which surely contains fat tissues showed homogeneous
hyperenhancement in the arterial phase and isoenhance-
ment in the portal and late phases, and was coordinate with
contrast enhancement on CT (Fig. 3). We believe that high
MI techniques may be helpful to eliminate the influence of
baseline echogenicity by displaying bright high-resolution
color signals superimposed on a conventional B-mode
image when evaluating the blood supply of hyperechoic
FLLs containing fat tissues.

D’Onofrio et al. [6] studied 88 hypoechoic liver lesions
with harmonic contrast-specific imaging and second-genera-
tion UCA microbubbles. According to the resuits obtained
during the sinusoidal phase, they found that CEUS distin-
guished malignant from benign hypoechoic liver lesions with
an accuracy of 95%. According to the specific enhancement
pattern of the entire vascular phase, they correctly character-
ized 81% hypoechoic benign lesions and 88% malignant
lesions. Our results showed that the diagnostic capability of
CEUS did not interfere with echogenicity of FLLs on baseline
gray-scale US for discrimination between malignant and
benign lesions. The diagnostic performance of CEUS in terms
of Az ranged from 0.981 to 0.987 for FLLs with different
echogenicity on baseline gray-scale US, and a very good inter-
observer agreement was achieved in this study. The diagnostic
accuracy of CEUS in differentiation between benign and
malignant FLLs was in a range of 90-95% in the present
study, which was coincident with the overall diagnostic
accuracy of 85-95% reported in other studies {2, 3, 5, 6].

As to specific characterization of FLLs using CEUS,
there was also no significant difference between FLLs with
different echogenicity on baseline gray-scale US in the
present study. The correctly characterized lesions were
over 93% for hyperechoic FLLs, and over 90% for both
iso- and hypoechoic FLLs. Since the enhancement patterns
of several kinds of FLLs on CEUS are very characteristic

and well-known for the radiologists, the specific diagnoses
of HCC, FNH, hemangiomas, focal fatty infiltration or
sparing by using CEUS show very high accuracy [1-5]. In
the present study, both readers only made wrong diagnoses
in less than 3% of FNHs, HCCs and focal fatty sparing
lesions, while 100% of inflammatory pseudotumors and
lymphoma, 75% of 1CCs, 67% of dysplastic nodules, 33%
of abscess, 7% of MRNs were misdiagnosed. Among the
FLLs misdiagnosed by both readers, there were 5
hyperechoic lesions, 1 isoechoic lesion and 18 hypoechoic
lesions. As described in previous studies, the CEUS
findings of an inflammatory pseudotumor were nonspecific
and easily mimic malignant FLLs, and biopsy is strongly
recommended to confirm the diagnosis and avoid un-
necessary surgery [14, 15]. ICC mainly shows irregular
peripheral rim-like or heterogeneous hyperenhancement in
the arterial phase and hypoenhancement in the portal and
late phases. Although we reported that about 94% of ICCs
were correctly characterized by combining the baseline and
CEUS findings [16], there is a lack of specific imaging
findings to confirm the diagnosis of small ICCs, as in the
present study. The diagnoses of MRN and dysplastic
nodules in the cirrhotic liver were reported to be extremely
difficult by a variety of noninvasive imaging modalities
[17-19]. Again histopathological examination remains the
only way to clarify the diagnosis of MRN and dysplastic
nodule. Typical enhancement features of liver abscess on
CEUS have been well depicted in previous series [1, 14,
20]. In the present study, one misdiagnosed liver abscess
showed untypical appearance both on baseline US and
CEUS. Because of the time-dependent imaging findings of
hepatic abscess, it will be easy to misdiagnose it as
malignant FLLs in the very carly or late stage of abscess.
In conclusion, CEUS greatly improves the diagnostic
ability of several kinds of FLLs such as HCC, FNH,
hemangiomas and focal fatty change or sparing. The
diagnostic performance of CEUS was not interfered by the
echogenicity of lesion on baseline gray-scale US,
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OBJECTIVE. The purpose of this study was to assess the efficacy and safety of contrast-
enhanced ultrasound performed with perflubutane microbubbles in comparison with unen-
hanced ultrasound and dynamic CT in the characterization of focal liver lesions during the
vascular phase of imaging and in the detection of lesions during the Kupffer phase.

SUBJECTS AND METHODS. A total of 196 patients were enrolled at 15 centers in
Japan. Vascular phase images were obtained before contrast injection until | minute after
injection. Kupffer phase images were obtained 10 minutes after injection. Dual-phase CT
was performed as determined by standard clinical practice at each center. Unenhanced ultra-
sound, contrast-enhanced ultrasound, and CT images were read by blinded reviewers, and the
results they reached regarding characterization and detection were compared with reference
standard findings made by onsite investigators. The safety observation period was 72 hours
after contrast administration.

RESULTS. Among the 190 patients included in the characterization analysis, the accuracy
of contrast-enhanced ultrasound (88.9%) was significantly greater than that of unenhanced ul-
trasound (68.4%) and dynamic CT (80.5%) (p < 0.001 and p = 0.008). Among the 191 patients
in the detection analysis, the efficacy of contrast-enhanced ultrasound in detection of lesions
was significantly higher than that of unenhanced ultrasound and dynamic CT (p < 0.001 and
p = 0.008), predominantly because more metastatic lesions were detected (both p <0.001). In
particular, contrast-enhanced ultrasound was superior to dynamic CT in the detection of met-
astatic lesions measuring | cm or smaller. The incidence of adverse events was 49.2% and that
of adverse drug reactions was 10.4%. All adverse drug reactions were mild.

CONCLUSION. Compared with unenhanced ultrasound and dynamic CT, contrast-
enhanced ultrasound with perflubutane microbubbles improved diagnostic efficacy in both
characterization and detection of focal liver lesions with no serious adverse drug reactions.

bles [8-10]. The development of perfluoro-
chemical gas-encapsulated microbubbles
and high-frame-rate real-time scanning for
contrast-enhanced ultrasound (CEUS) en-
abled the study of early arterial events, lead-

ontrast agents for sonography are
principally gas-encapsulated mi-
crobubbles. Successful efforts
have been made to produce mi-
crobubbles that arc sufficiently smail and

stable to pass into the systemic circulation
after 1V administration {1, 2]. Initially, the
efficacy of commercially available air-based
microbubble agents was limited because the
bubbles were easily destroyed by ultrasound
exposure [3-5]. With modification of the
composition of the microbubble shell and use
of a lower-solubility substance such as a per-
fluorochemical instead of gas, stability and
resistance to pressure were improved [6, 7).
The critical improvement has been develop-
ment of microbubble-specific imaging tech-
niques that work at a low enough mechanical
index to minimize destruction of microbub-
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ing to accurate diagnosis of liver lesions ow-
ing to visualization of the tumor vasculature
and specific enhancement patterns [11-13].
The perflubutane microbubbics used in this
study are perfluorochemical agents consisting
of microbubbles of perfluorobutane (C,F ;)
stabilized by a monomolecular membrane of
hydrogenated egg phosphatidyl serine [14].
When the liver is imaged in the phase-modu-
lation harmonic mode, CEUS with perflubu-
tane microbubbles has two phases of contrast
enhancement: vascular and Kupffer phase.
Vascular phase images are acquired soon af-
ter IV contrast injection and can be used to
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characterize selected lesions on the basis of
the dynamics of contrast enhancement (e.g.,
arterial and portal venous), morphologic fea-
tures of the tumor vasculature, and tumor
perfusion [15]. Unlike contrast-enhanced
Doppler imaging, CEUS in the phase-mod-
ulation harmonic mode is expected to de-
pict microvessels because the mode does not
cause the blooming that often occurs in Dop-
pler imaging.

Perflubutane microbubbles are taken up
by Kupffer cells in the reticuloendothelial
system of the liver, and this phenomenon al-
lows parcnchyma-specific imaging of the
liver [16-18]. Parenchyma-specific imag-
ing, called Kupffer phase imaging, is typi-
cally performed 10 minutes after contrast
injection, at which time the normal hepatic
parenchyma is enhanced, and malignant le-
sions that contain few or no Kupffer cells
are clearly delineated as contrast defects [15,
19]. Therefore, it is conceivable that Kupffer
phase imaging can be used to detect focal
liver lesions. The diagnostic performance
of microbubble agents that can be used for
both the vascular and parenchyma-specific,
or Kupffer, phases of hepatic ultrasound has
not, to our knowledge, been evaluated in a
controlled clinical study. The purpose of this
prospective open-label multicenter phase 3
study was to assess the cfficacy and safety
of CEUS with perflubutane microbubbles
in the characterization and detection of fo-
cal liver lesions in the vascular and Kupffer
phases of imaging, respectively, in compari-
son with unenhanced ultrasound and dynam-
ic CT (DCT).

Subjects and Methods
Patient Population

Before initiation, this study was approved by
the institutional review boards at each of the 15
participating institutions. All patients provided
written informed consent before entering the
study. The subjects were patients who had at
least one untreated focal liver lesion confirmed
with a previous diagnostic study (c.g.. DCT,
contrast-enhanced MR1, angiography, pathologic
examination). Inclusion criteria were the presence
of a hepatic mass or lesion confirmed at DCT
within the past month (past 3 months for benign
tumors), fewer than 10 known lesions, and being a
man or woman 20-80 years old.

The exclusion criteria were terminal clinical
condition and life expectancy of 3 months or less;
previous administration of perflubutanc micro-
bubbles; ongoing transcatheter chemotherapy or
radiation therapy; current or within the past 180
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days participation in another clinical study; preg-
nancy, possible pregnancy, or lactation; history of
allergy to eggs or egg products; surgical proce-
dure or liver biopsy within 24 hours before ad-
ministration microbubbles;
administration or scheduled administration of
another contrast agent within 24 hours before
or after administration of perflubutane micro-
bubbles; difficulty in recognition of a target lesion
previously determined with DCT or difficulty
with a scan of the whole liver with unenhanced
ultrasound owing to poor baselinc image quality;
and mass or lesion size 10 cm or greater.

Among 196 patients enrolled from April 2002
to March 2003, threc patients were excluded
from the study: Two did not receive perflubutane
microbubbles and one had a good clinical practices
violation. Of the 193 patients cligible for safety
cvaluation, 130 were men and 63 were women.
The mean age was 63 years (range, 23-80 ycars).
Among the 193 patients cligible to participate in
the safety evaluation, 190 patients were eligible
for evaluation of the efficacy of vascular phase
imaging and 191 for evaluation of the efficacy of’
Kupffer phase imaging. One patient was excluded
from the efficacy evaluation for not meeting the
study recruitment criteria. Inaddition, two patients
from vascular and onc patient from the Kupffer
phase imaging were excluded because they missed
the video recording. The number of patients
cligible for vascular phase imaging included 121
with hepatocellular carcinoma (HCC), 38 with
metastatic lesions, 17 with hemangiomas, ninc
with other benign lesions, and five with other
malignant lesions. One additional patient with a
benign lfesion was included in the cvaluation of
Kupfier phase imaging.

of perflubutane

Contrast Agent

Perflubutane microbubbles (Sonazoid, GE
Healthcare) is a lyophilized preparation recon-
stituted for injection and contains 16 pL of
perflubutane microbubbles in one vial. The
contents of cach vial were resuspended in 2 mL of
water for injection. Each patient received a single
injection of 0.12 pL/kg of microbubbles (0.015
mL/kg of the reconstituted suspension) into a
forearm vein followed by a 10-mmL saline flush.

Ultrasound

All ultrasound scanners (Aplio, Toshiba Medi-
cal Systems; Elcgra, Siemens Healthcare; EUB
8500, Hitachi; HDI 5000, Phillips Healthcare;
Logiq 7, GE Healthcare; Sequoia 512, Siemens
Healthcare) were equipped with broadband
curved-array transducers adapted for contrast im-
aging. Ultrasound was performed before and after
enroliment. Unenhanced ultrasound performed
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before enroliment was used as a reference stand-
ard and to assess whether the subject met the
inclusion criteria and fulfilled none of the exclus-
ion criteria. Ultrasound imaging was performed
after enrollment to compare the efficacy of CEUS
with perfluorobutane microbubbles. In cach
paticnt, one lesion of interest, which had not been
treated and was confirmed with DCT, was selected
for vascular phasc imaging for lesion character-
ization. The whole liver was scanned in the
Kupfier phase for lesion detection. Unenhanced
ultrasound images corresponding to both the
vascular and the Kupffer phase images also were
acquired for assessment by the blinded reviewers.
All ultrasound images were acquired by onsite
investigators according to the following imaging
conditions and were recorded on S-VHS videotape
for review by the blinded readers.

Unenhanced ultrasound (baseline imagej-—
The lesion of interest was imaged for 15 seconds
with cach of the following techniques: fundamental
B mode, tissue harmonic B mode, color Doppler,
and power Doppler. Afterward, the whole liver
was scanned, first in fundamental B mode and
then in tissue hanmonic B-mode.

CEUS-Phasc-modulation harmonic modc was
used for both vascular and Kupffer phase imaging
{mechanical index, 0.3-0.5; frame ratc, 8-10
frames/s; transmitting frequency, 1.5-2 MHz).
The focus was set below the lesion of interest for
vascular phasc imaging and at 4--8 cm for the left
lobe and 810 cm for the right lobe for Kupffer
phase imaging. The lesion of interest was imaged
from 15 scconds before injection to 1 minute after
injection (vascular phasc imaging). No further
scanning was performed until the Kupffer phase
imaging, which was begun [0 minutes after
injection. The whole liver was scanned twice with
the same protocol as for unenhanced ultrasound.

Dynamic CT

Dual-phase dynamic contrast-enhanced studics
were performed with helical CT or MDCT. Twelve
centers used MDCT and three centers used helical
CT. The imaging conditions were not standardized
for this study because DCT was performed
before enrollment but had been optimized by the
respective centers with a mean slice thickness of
6.9 + 2.0 (SD) mm (range, 2-10 mm). DCT was
performed within the month before enrollment
for malignant tumors and within 3 months before
enrollment for benign tumors. These images were
provided for review by the blinded readers.

Reference Standard

The reference standard procedures, which had
been performed by onsite investigators before
study caroilment, included diagnostic imaging
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with uncnhanced ultrasound and DCT, acquisi-
tion of relevant clinical information such as
history or existing disorder, and assessment of
clinical and biochemical biomarkers. I nccessary,
dynamic MRI, angiography. or pathologic exami-
nation was added.

For characterization, the discase diagnosis was
changed when it was believed it would be changed
afler CEUS and it was confirmed during treatment,
or it was changed in the process of treatment during
this study period. The discase diagnosis was
changed in cight cases, including three cases
influenced by CEUS findings. Seven of the eight
cases were confirmed at histologic examination of
specimens obtained at biopsy or surgery, and one
case was confirmed in follow-up. For detection, the
number and size of the lesions were recorded by
onsite investigators on the bhasis of findings at
uncahanced ultrasound, DCT, or other procedure
before enroliment and were used as the reference
standards. Paticnts with newly detected lesions
visible onty with CEUS underwent follow-up by
onsite investigators for 3 months. Te confirm
whether a lesion was a true fesion, onsite investi-
gators used techniques such as DCT, contrast-
enhanced MRI, angiography. biopsy, surgery, or a
combination of these procedures, cexcept for
unenhanced ultrasound and CEUS,

Image Reading

Two readings were performed: an unblinded
reading by onsite investigators who had access to
all clinical and imaging information and an offsite
reading by blinded reviewers. Three blinded
reviewers for ultrasound and another three blinded
reviewers for DCT were sclected from specialists
in the ficld who were independent of the onsite
investigators and the coordinating investigator.
Unenhanced ultrasound and CEUS videotapes for
readings by blinded reviewers were made after
enroliment, whereas DCT images were obtained
before enrollment. Patient and site identification
data were removed from the ultrasound videotapes
and CT images, The ultrasound videotapes and
CT images then were randomized into three equal
portions. Each reader reviewed onc third of the
total number of cascs.

Before evaluation, the three reviewers received
training to maintain consistency in the cvaluation
criteria. For confirmation of reliability after the
training, ¢ach rcader independently evaluated
ultrasound videotapes and CT images from 20
cases that had been randomized and from which
identifying information was removed. In the
characterization assessment, the rates of complete
agrecment on unenhanced ultrasound, CEUS, and
DCT findings among the three reviewers were
85%, 90%. and 90%. in detection assessment, the
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rates were 95%, 90%, and 90%. These percentages
suggest that interobserver reliability was ensured.

The blinded reviewers assessed the images with-
out clinical information and without knowledge
of the results of the onsite evaluation. For character-
ization with ulrasound, the blinded reviewers
interpreted  unenhanced  ultrasound  videotapes
depicting only the lesion of intercst in cach paticnt
scparately from tapes containing the vascular phase
of CEUS. For detection with ultrasound, the re-
viewcers interpreted unenhanced ultrasound video-
tapes containing only whole liver scans for each
patient separately from those containing the Kupffer
phase of CEUS. For CT, the reviewers read CT
irnages containing only slices depicting the lesion of
terest for characterization. CT images of all liver
stices were used for detection.

In the characterization assessments, the reviewers
classified their diagnoses into five categories: HCC,
hepatic metastasis, hemangioma, other benign
lesion, and othcr malignant lesion. In addition,
the reviewers of ultrasound images reported their
degree of confidence in their diagnoses as definite,
probable, or suspect. In detection, the reviewers
of both ultrasound and DCT images recorded the
focation and size of the lesions.

Efficacy Evaluation

The results of the assessments by the blinded
reviewers with each technique (unenhanced ulira-
sound, CEUS, and DCT) were compared with
reference standard findings by the onsite invest-
igators. For evaluation of characterization efficacy,
the rates of correct diagnoses for the various lesion
types were assessed and compared for unenhanc-
ed ultrasound, CEUS, and DCT. Sensitivity and
specificity were calculated for correct classification
of lesions as malignant or benign. Degree of
confidence in the diagnosis was compared between
uneohanced ultrasound and CEUS. For evaluation
of detection efficacy, the numbers of patients in
whom the number of lesions detected by blinded
reviewers was less than, equal to, or more than that
detected with the reference standard were calculated
for unenhanced ultrasound, CEUS, and DCT and
compared. In addition, the numbers of lesions
detected by blinded reviewers were used to compare
efficacy between methods. Efficacy in terms of
detection of different types of lesions and of
detection of kesions in various size categorics was
evaluated in a similar manner. In the cases of
paticnts whose trcatment strategy was changed on
the basis of information from CEUS, the reasens for
doing so were recorded.

Safety Evaluation

Safety was evaluated by the onsite investigators.
Chinical chemistry variables and vital signs were
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assessed immediately before and within 24 hours
after injection. Paticnts were observed for adverse
events for 72 hours after injection, and the severity
and causes of the events were assessed. Serious
adverse events were observed for 7 days. Severity
criteria were as follows: mild, temporary and
casily tolerable: moderate, interfering with normal
activities; and severe, completely preventing nor-
mal activitics.

Statistical Analysis

For assessment of characterization efficacy,
the McNemar test was used 1o compare the rates
of correct diagnosis of lesions for unenhanced
ultrasound, CEUS, and DCT. For assessment of
detection efficacy, Wilcoxon’s signed rank test
was used to compare the lesion detection rates
obtained with unenhanced ultrasound, CEUS,
and DCT. For all tests, p < 0.05 was considered
to indicate a statistically significant difference.
A statistical software package (SAS version 8.2,
SAS) was uscd for the statistical analyses.

Results
Characterization

Different types of focal lesions had dif-
ferent patterns of enhancement on vascu-
lar phase images. Typical enhancement pat-
terns of HCC, metastasis, and hemangioma
on CEUS and DCT images are shown in
Figures 1-3. In all cases, CEUS images were
adequate for asscssment. In no case was le-
sion contrast missing owing to artifacts from
the microbubbles.

As shown in Table {, the overall rate of
correct diagnosis of lesions by the blind-
ed reviewers significantly improved from
68.4% for unenbanced ultrasound to 88.9%
for CEUS (p < 0.001). In addition, the overall
rate of correct diagnosis with CEUS was sig-
nificantly higher than that with DCT (80.5%)
{p = 0.008). In classification of the lesions
into the five types, the rates of correct diag-
nosis of HCC, metastasis, and hemangioma
were significantly higher for CEUS than for
unenhanced uitrasound (p < 0.001, p =0.002,
and p = 0,025}, In particular, all 17 cases of
hemangioma were correctly diagnosed with
CEUS (100%). The performance of CEUS in
the correct diagnosis of metastasis was supe-
rior to that of DCT, but no significant differ-
ences were evident for other types of lesions,

In terms of correct classification of lesions
as malignant or benign, the overall accuracy
and sensitivity significantly improved from
86.3% and 89.0% for unenhanced ultrasound
to 97.4% and 98.8% for CEUS (both p <
0.001) (Table 2). In contrast, no significant
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D

Fig. 1—75-year-old man with hepatocellular carcinoma. Scale bar =4 cm.

A, B-mode uitrasound image shows mosaic speckle pattern in tumor.

B, Color Doppler ultrasound image shows increased vascularity in tumor.

€, Vascular phase perflubutane-enhanced ultrasound image shows fine tumor vessels.

D, Late vascular phase perflubutane-enhanced uitrasound image shows homogeneously enhanced perfusion in tumar 20 seconds after contrast injection.
E, Arterial phase dynamic CT image shows heterogeneous staining of tumor.

F, Portal venous phase dynamic CT image shows low-attenuation area with ringlike enhancement.

A

Fig. 2—59-year-old woman with liver metastasis. Scale bar=2¢m.

A, B-mode ultrasound image shows hyperechoic tumor with thick halo and bull's-eye pattern.

B, Color Doppler ultrasound image shows little vascularity in tumor.

€. Vascular phase perflubutane-gnhanced ultrasound image shows ring enhancement in peripheral portion of tumor.

{Fig. 2 continues on next page}

AJR:193, July 2009 83
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D E M T F

Fig. 2 {continued)—59-year-old woman with liver metastasis. Scale bar = 2cm.

D, Late vascular phase perflubutane-enhanced ultrasound image shows clearly demarcated washout in tumor.
E, Arterial phase dynamic CT image shows ringlike enhancement in peripheral region of tumor,

F, Late phase dynamic CTimage shows weak ring enhancement.

D

Fig. 3--59-year-old man with hemangioma. Scale bar =4 cm,

A, B-mode ultrasound image shows hyperechoic elliptic mass with unclear delineation.

B, Color Doppler uitrasound image shows little inner vascutar signal in tumor.

C, Vascular phase perflubutane-enhanced ultrasound image shows filling-in enhancement in peripheral portion of tumor.
D, Late vascular phase perflubutane-enhanced ultrasound image shows centripetal invasion of filling-in enhancement.
E, Arterial phase dynamic CT image shows filling-in enhancement.

F, Late phase dynamic CT image shows heterogeneous filling-in enhancement.

80 AJR:183, July 2009
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TABLE I: Rate of Correct Diagnosis in Characterization of Focal Liver Lesions

Lesian Classification Unenhanced Ultrasound CEUS ocy
Overall 68.4 (130/190) 88.9 {169/130) 80.5{153/190}
Hepatocellular carcinoma 17.7(341121) 92.6(112/121) 89.3{108/121)
Metastasis 44.7 {17/38) 78.9{30/38} 57.9{22/38)
Hemangioma 10.6 412,17} 100 {117 94.1 {16/17)
Other benign lesion 44.4 (4/9) 66.7(6/9) 33.3{3/9)
Gther mafignant lesion 60.0 (3/5) 80.0 {4/5} 80.0{4/5)

Note—Data are parcentages Numbers in parentheses are numbers of patients used for calculation of the percentages. McNemar testresuits were as follows:

h

Overall d vs contrast

UI tr

HCC—unenhanced uitrasound vs CEUS, p <0.00%; unenhanced uitrasound vs BCT, p = 0.016. Metastasis

d ultrasound (CEUS), p < 0.001; unenhanced ultrasound vs dynamic CT (DCT) p=0.006, CEUS vs DCT, p=0.008.

h

d ultr dvs CEUS, p=0.002; CEUSvs DCT, o=

0.821. Hemangioma—unenhanced uitrasound vs CEUS, p=0.025; unenhanced ultrasound vs DCT, p=0.046.

TABLE 2: Accuracy, Sensitivity, and Specificity in Characterization of Malignant and Benign Lesions

Characteristic Unenhanced Ultrasound CEUS D0CcT
Overall accuracy 86.3 (164/190) 97.4 {185/190) 94.7 {180/190}
Sensitivity 89.0 {146/164) 98.8(162/164) 85.7 {157/164}
Specificity 69.2 (18/26} 88.5 {23/26} 88.5{23/26)

Note-—Data are percentages. Numbers in parentheses are numbers of patients used for calculation of the percentages. Sensitivity and specificity are percentages of
malignant and benign lesions cosrectly diagnosed. McNemar test results were as follows: Accuracy—contrast-enhanced ultrasound {CEUS) vs unenhanced ultrasound,
p<0.001; dynamic CT{DLT) vs unenhanced ultrasound, p =0.0605. Sensitivity—CEUS vs unenhanced ultrasound, p<0.00%; DCT vs unenhanced ultrasound, p=0.016.
Specificity—CEUS vs unenhanced ultrasound, p=0.096; DCT vs unenhanced ultrasound, p=0.132.

Fig. &—Degree of confidence scored by blinded
reviewers,

A and B, Graphs show degree of confidencein
diagnoses made with unenhanced ultrasound {A}

and contrast-enhanced ultrasound (CEUS} (B).
Disagreement{black) indicates that diagnosis by
blinded reviewers was not corract. Agreement {whife)
indicates diagnosis by blinded reviewsrs was correct,

differences in accuracy, sensitivity, or speci-
ficity were found between CEUS and DCT.
The level of diagnostic confidence scored
by the blinded reviewers was compared be-
tween unenhanced ultrasound and CEUS
(Fig. 4). The degree of confidence in diagno-
ses made with unenhanced ultrasound was
scored definite in four of (89 cases (2.1%),
and one of these diagnoses was incorrect. The
number of diagnoses scored definite with
CEUS increased to 132 of 189 (69.8%), and
126 of these diagnoses (95.5%) were correct.

Detection

Metastatic iesions were clearly depicted as
contrast defects on CEUS Kupffer phase imag-
es (Fig. 5). Table 3 shows the number of patients
in whom more, an equal number of, and fewer
lesions were detected by the blinded reviewers
than by the onsite readers using the reference
standard. Using DCT, the blinded reviewers
detected more or fewer lesions than were found
with the reference standard in similar numbers
of patients. Using CEUS, the blinded review-
ers detected more fesions approximately twice
as often as they detected fewer lesions. The
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percentages of patients in whom more lesions
were detected by the blinded reviewers than
were found with the reference standard were
31.9% (61 patients), 18.8% (36 patients), and
13.1% (25 patients) for CEUS, DCT, and un-
enhanced ultrasound (Table 3). The detection
rate with CEUS was significantly higher than
that with unenhanced ultrasound and DCT (p <
0.001 and p = 0.008).

The number of lesions detected with unen-
hanced ultrasound, CEUS, and PCT compared
with the reference standard was determined
for the five types of lesions, and the resnlts are
shown in Table 4. The number of lesion de-
tected with CEUS was larger than that with
unenhanced nltrasound and DCT. The number
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of lesions detected with CEUS (464 lesions)
was larger than the number detected with the
reference standard (375 Iesions). It was partic-
ularly evident that the number of metastatic
lesions detected with CEUS was significant-
ly larger than the number detected with unen-
hanced ultrasound (p < 0.001) and the number
deteeted with DCT (p < 0.001).

In classification of lesions according to
size, the number of small Jesions (< | cm)
detected with CEUS was significantly larger
than the number detected with unenhanced
ultrasound {p < 0.001) and DCT (p = 0.008)
(Fig. 6). Furthermore, in classification of
metastatic lesions according to size, the num-
ber of lesions | em in diameter or smaller

a1
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Fig. 5—58-year-old man with liver metastasis. Scale bar =2 cm.

A, Ultrasound image shows heterogeneous hypoechoic mass in lateral segment of left lobe of liver.

B, Perflubutane-enhanced Kupffer phase ultrasound image shows clearly delineated unenhanced arsa.
€, Late phase dynamic CT image shows slightly low-attenuation area in left lateral segment.

TABLE 3: Comparison of Numbers of Patients With Lesions Identified by
Blinded Reviewers and Thase Identified With Reference Standard

(n=191)
No. of Lesions ldentified by Unenhanced
Blinded Reviewers Ultrasound CEUS neT
Exceeded reference standard 13.1{25) 31.9(61) 18.8 {36}
Equal to reference standard 57,6 {110) §2.9(101) 64.4 (123)
Fewer than reference standard 29.3 {56} 15.2(29) 16.8 (32)

Note—Data are percentages. Numbers in parentheses are numbers of patients. Unenhanced ultrasound
ultrasound and dynamic CT (DCT) but not contrast-enhanced (CEUS) are included in reference standard.
Wilcoxon's signed rank test CEUS vs unenhanced ultrasound, p<0.001; CEUS vs DCT, p=0.008.

TABLE 4: Number of Lesions Detected Classified by Lesion Type

Blinded Reviewers
Reference Unenhanced
Classification Standard Ultrasound CEUS bCT
Hepatocellular carcinoma 245 199 261 257
Metastasis 14 63 147 86
Hemangioma 38 32 37 31
Other benign lesion 1 1 12 10
Other malignant lesion 7 5 7 6
Total 375 310 464 390

Note-—For metastasis, contrast-enhanced ultrasound (CEUS) vs unenhanced ultrasound, p <0.001; contrast-
enhanced ultrasound vs dynamic CT(DCT), p<0.001 (Wilcoxon's signed rank test).

detected with CEUS was significantly larg-
er than the number detected with DCT (p <
0.001). No significant difference was found
between CEUS and DCT in the detection of
lesions larger than 1 cm (Fig. 7).

Follow-Up of Newly Detected Lesions and
Influence on Treatment Strategy

Among patients with newly visible lesions
detected only with CEUS, 16 patients were
available for follow-up, and the lesions in 12
patients were confirmed to be truc lesions.
Confirmation was verified at surgery in four
cases, follow-up CT in four cases, follow-up
MRI in two cases, follow-up angiography
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in one case, and needle biopsy in one case.
All lesions in the other four patients were
benign. Therefore, 75% (12 of 16) of cases
were correctly diagnosed with CEUS. Table
S shows the cases in which treatment strat-
egy was changed on the basis of the diagno-
sis reached by the onsite investigators using
CEUS. On the basis of information obtained
on vascular or Kupffer images, the treatment
strategy changed for 13 patients (6.8%).

Safety

No deaths, serious or severe adverse events
were found in this study. The incidence of ad-
verse events was 49.2% (95% confidence lim-
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its, 42.2%, 56.3%) (95 of 193 cases). Events
with an incidence greater than 2% are shown
in Table 6. The incidence of adverse drug re-
actions was 10.4% (95% confidence limits,
6.1%, 14.7%) (20 of 193 cases (Table 7). All
adverse drug reactions were mild.

Discussion

The efficacy of CEUS with perflubutanc
microbubbles in the characterization and de-
tection of lesions was assessed and compared
with that of unenhanced ultrasound and DCT.
Characterization of focal liver lesions relies on
well-known vascular enhancement patterns at
DCT and dynamic MRI, which are the stan-
dard methods of diagnosis [20]. Contrast en-
hancement with perfluorochemical microbub-
ble agents in nonlinear ultrasound imaging,
such as phase-modulation harmonic mode, has
been found to be efficacious in various studies
f21}]. Because of the high temporal and spatial
resolution of sonography, CEUS can depict
the arterial perfusion characteristics of liver le-
sions and depict fine tumor vasculature. DCT
has poorer performance than CEUS.

Differences in contrast enhancement pat-
terns among lesion types have been well stud-
ied with several perfluorochemical microbub-
ble agents, and CEUS has had high accuracy
in characterization of lesions [22, 23]. Be-
cause contrast effects similar to those of other
perfluorochemical agents are observed at
CEUS with perflubutane microbubbles, it is
not surprising that the accuracy of CEUS is
higher than that of DCT. For example, al-
though the number of cases was limited, the
accuracy of CEUS in the diagnosis of heman-
gioma was 100%. Real-time CEUS depicted
the typical enhancement pattern of heman-
gioma—namely, peripheral globular pooling
of contrast material (cotton-wool appearance)
followed by gradual perfusion of the entire
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Fig. 6——Graph shows number of lesions classified according to lesion size
detected by blinded reviewers using unenhanced ultrasound {gray), contrast-
enhanced ultrasound (CEUS) (striped), and dynamic CT {(white) and by onsite
investigators using reference standard {black). Wilcoxon’s signed rank test for
lesions 1 cm or smaller, CEUS vs dynamic CT, p=0.008; CEUS vs unenhanced
ultrasound, p< 0.001; CEUS vs reference standard, p=0.001.

TABLE 5: Changes in Treatment Strategy After Contrast-Enhanced

Ultrasound Diagnosis

Treatment Planned Before Treatment Planned After No. of
Contrast-Enhanced Ultrasound Contrast-Enhanced Ultrasound Patients
Radiofrequency ablation Surgery 3
Radiofrequency ablation (RFA) RFA {additional ablation) 2
Observation {benign lesion} Surgery (malignant lesion} 2
Surgery (malignant lesion) Observation (benign lesion) 1
Transcatheter arterial chemoembolization | Chemotherapy 1
Radiotherapy Chemotherapy 1
Percutaneous ethanol injection therapy Additional percutaneous ethanol injection 1
therapy
Observation Further examination 1
Bile duct stent Transcatheter arterial chemoembolization 1

lesion. Compared with unenhanced ultra-
sound, CEUS not only had approximately
20% greater overall accuracy but also was as-
sociated a higher degree of diagnostic confi-
dence. Therefore, CEUS with perflubutane
microbubbles is likely to be useful as a stan-
dard method of diagnosis and one that is com-
parable with DCT.

In terms of lesion detection, CEUS depict-
ed more lesions than did DCT, many of which
were small metastatic lesions (< 1 cm). Be-
cause of the high specificity of uptake of per-
flubutane microbubbles by Kupffer cells in
normal parenchyma [16--18], malignant le-
sions that lack Kupffer cells are negatively
enhanced. This characteristic, coupled with
the higher spatial resolution of ultrasound,
may explain the increased efficacy of CEUS
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in the detection of small lesions. SH U 508A
(Levovist, Bayer Schering Pharma), an air-
based microbubble agent, has been reported
to have a parenchyma-specific contrast effect
similar to that of perflubutane microbubbles,
and this effect has been useful in detecting
Icsions [24, 25]. The parcnchyma-specific
contrast effect of SH U 508A is observed
several minutes after injection, but it is effec-
tive only when imaging is performed at high
acoustic power, and the effect is transient.
Because imaging with SH U 508A entails
destruction of microbubbles, visualization of
the whole liver is limited to a single scan
[26]. In contrast, because imaging with per-
flubutane microbubbles is performed at low-
er acoustic power without destruction of mi-
crobubbles, repeated scanning of the whole
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Fig. 7—Graph shows number of metastatic lesions classified according to

lesion size detected by blinded reviewers using unenhanced ultrasound {gray),
contrast-enhanced ultrasound (CEUS) (striped), and dynamic CT (white} and by
onsite investigators using reference standard (bfack). Wilcoxon's signed rank test
for lesions 1 cm or smaller, CEUS vs dynamic CT, p<0.001; CEUS vs unenhanced
ultrasound, p < 0.001; CEUS vs reference standard, p< 0.001.

TABLE 6: Adverse Events (n = 193)

Event No. of Patients
Fever 16(8.3)
Nausea 13(6.7}
Diarrhea 1216.2)
Malaise 11(5.7)
Lumbar pain 10 (5.2
Headache 9(4.7)
Increased blood pressure 9{4.7)
Abdominal pain 9(4.7)
Thirst 7(3.6)
Pain 7138}
Vomiting 7(3.6)
Flank pain 6{3.1)
Feeling of warmth 5(2.6)
Enlarged feeling of abdomen 5{2.6)
Omalgia 4(2.1)
Dizziness 4(2.1)
Decreased blood pressure 4(2.)
Epigastric pain 4(2.1)
Injection site pain 4(2.1)
Any adverse event 95 (49.2)

Note—Events with an incidence greater than 2%
are listed. Some patients had more than one avent.
Values in parentheses are percentages.

liver can be accomplished, as in our study.
This capability may help operators reduce
the number of missed lesions. Another tech-
nique that entails the use of Kupffer phase

83



TABLE 7: Adverse Drug Reactions

(n=193)
No. of
Event Patients
Albuminuria 3(1.6}
Diarrhea 3{1.6}
Neutropenia 2{1.0)
itching 1{0.5)
Rash 1{0.5)
Eruption 1{0.5)
Headache 1{0.5)
Stupor 1{0.5}
Hypertension 1{0.5)
Redness 1{(0.5)
Vomiting 1{0.5)
Thirst 140.5}
increased lactate dehydrogenase 1{0.5)
level

Glycosuria 1{0.5)
Peripheral ischemia 1{0.5)
Thrombocytopenia 1(0.5)
Hot flashes 1{0.5)
Injection site pain 1 (0.5}
Any adverse reaction 20{104)

Note~~Values in parenthesas are percentages.
Some patients had more than one reaction.

imaging is contrast MRI with superparamag-
netic iron oxide, which is also taken up by
Kupffer cells [27, 28]. Although further stud-
ies are needed to compare CEUS with perfiub-
utane microbubbles and MRI with superpara-
magnetic iron oxide, CEUS has the advantage
of higher temporal and spatial resolution.
Most malignant tumors of the liver are
HCC and metastatic lesions, HCC is one of a
few malignant tamors in which the eticlogic
and pathogenic processes are understood and
groups at high risk are well known. Chronic
viral hepatitis leads to cirrhosis, which is a
predisposing factor for HCC [29, 30]. This
course is predominant in Asia. For early de-
tection and treatment, it is recommended
that these high-risk groups undergo uitra-
sound and DCT every 3 and 6 months, re-
spectively [31]. Other groups at high risk are
patients with alcoholic liver disease and, in-
creasingly, those with fatty infiltration (non-
alcoholic steatohepatitis) {32}, which pre-
dominate in other parts of the world. Thus
the need for early diagnosis of HCC is in-
creasing. The liver also is a frequent site of
metastasis. Strategies for the management of
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primary tumors and the prognosis are infiu-
enced by the absence or presence of hepatic
metastasis, and carly detection of these le-
sions is important.

Although it is the standard method of di-
agnosis of both types of liver tumors, DCT
has limitations. First, radiation-induced can-
cer from CT examinations is becoming a ma-
jorissue {33], and fewer CT examinations are
being recommended. CT should be used only
when the benefits outweigh the risks, Sec-
ond, the sensitivity of DCT with helical CT
in the detection of smali metastatic lesions of
the liver (< | cm) is 30-50% [34]. DCT with
MDCT at collimation less than 5 mm does
not have greater sensitivity for lesions 1.5
cm or smaller [35]. In this study, CEUS with
perflubutane microbubbles was superior to
DCT in both characterization and detection
of focal liver lesions, especially in the detec-
tion of small hepatic metastatic lesions. The
treatment of 13 of 191 patients (6.8%) was
changed on the basis of the CEUS diagnosis.
This finding suggests that current diagnostic
procedures have room for improvement and
that CEUS with perflubutane microbubbles
may be an alternative to DCT.

In this study, patients with unenhanced ul-
trasound images of adequate quality were en-
rolled, and all the lesions imaged with unen-
hanced ultrasound were enhanced at CEUS
without artifacts such as shadowing. This
finding suggests that perflabutane microbub-
bles cause fewer artifacts. This effect may be
attributed to the fact that the higher mechani-
cal index can be applied for perflubutane mi-
crobubbles than for other perfluorochemical
microbubbles, such as aqueous suspension of
phospholipid-stabilized microbubbles filled
with sulfur hexafluoride (SonoVue, Bracco)
and perflutren (Definity, Lantheus Medical
Imaging) owing to higher resistance to pres-
sure [14].

The incidences of adverse events and ad-
verse drug reactions were self-limited over
the period of observation and were 49.2%
and 10.4%, respectively. The relatively high
incidence of adverse events can be attribut-
ed to adverse events caused by the primary
disease, cancer, itself and by treatments and
examinations after administration of per-
flubutane microbubbles. All adverse drug
reactions were mild in intensity, and none
was peculiar to perflubutane microbubbles.
Therefore, the findings suggest that perflubu-
tane microbubbles is a safe contrast agent.

A limitation of this study was potential bias
affecting the blinded readings of DCT imag-
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es because DCT was part of the reference
standard. Despite this possible bias in favor
of DCT, CEUS was more accurate than DCT
in lesion characterization. This finding sug-
gests that CEUS has potential as a diagnos-
tic alternative to DCT for lesion characteriza-
tion. Other limitations regarding DCT were
that MDCT was not used at all centers and the
slice thickness varied from 2 to 10 mm among
the centers and was not standardized, although
all were within routine CT protocols.

Another limitation was that not all newly
detected lesions were followed up. Compared
with the reference standard, 89 new lesions
were detected only with CEUS in 61 patients,
The onsite investigators tried to conduct fol-
low-up, and 12 of [6 cascs were confirmed
to be true lesions. This finding suggests that
CEUS has high potential in the detection of
new true lesions. An additional limitation
was the extent of the overall safety assess-
ment. Although no serious adverse reactions,
such as anaphylactic reaction or shock, were
observed with perflubutane microbubbles in
the 193 patients in this study or in more than
2,000 patients in clinical trials in the United
States and Europe (unpublished data), further
careful safety assessments are needed.

We conclude that compared with unen-
hanced ultrasound and DCT, CEUS with per-
flubutane microbubbles had better diagnostic
efficacy in the characterization and detection
of focal liver lesions with no substantial ad-
verse drug reactions. CEUS with perflubu-
tane microbubbles has potential as a diagnos-
tic alternative to DCT in the care of patients
with known or suspected focal liver lesions.
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Abstract

We performed a perfusion study with superparamagnetic iron oxide (SPIO) and evaluated the possibility of acquiring hemedynamic
imaging in hypervascular hepatocellular nodules. Single-slice computed fomography during arteriography (SCTA) and an SPIO perfusion
study were performed and compared. The findings of the dircction of blood flow in the lesion and the findings corresponding to the corona
enhancement on the SPIO perfusion study agreed well with the findings of SCTA. In conclusion, SPIO perfusion is useful in evaluating the

hemodynamics of hypervascular hepatocellular nodules,
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

Both hepatocelluiar carcinoma (HCC) and focal nodular
hyperplasia (FNH} show hypervascular characteristics on
diagnostic imaging. Typicslly overt HCC shows tamor
enhancement in the arterial phasc and washout in the
equilibrium phase on dynamic computed tomography (CT)
and magnetic resonance imaging (MRI) and has capsule-like
structure around the tumor {1,2]. FNH is usually lobulated
and well circumscribed and has a central steliate scar with
radiating fibrous septa. Dynamic study shows enhancement
in the arterial phase and isodensity in the equilibrium phase
[3.4). In cases with completely typical findings, the
differential diagnosis of both entities is relative easy, but in
cases that do not have completely typical findings, the
diagnosis is difficult.
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FNH displays a specific centrifugal enhancement on
angiography, called a spoke-wheel appcarance [5]. While
this finding can be detected in 57-90% of patients with large
lesions, it can be difficult to detect in small lesions {3,6].
Kudo et al. {7] reported excellent detection of this specific
vascular structure with dynamic contrast-enhanced ultra-
sound under infusion of carbon dioxide microbubbles
through an angiographic catheter. Miyayama et al. {8]
reported the possibility of the detection of these specific
hemodynamic features with continuous acquisition of single-
slice CT during arteriography (SCTA). However, these
methods have the drawback of acquiring invasive angio-
graphy. SCTA also shows the drainage vessel indirectly
[8,9]. The drainage vessel of bypervascular HCC is the portal
vein, and SCTA shows corona enhancement around a tumor
[9]. However, the drainage vessel of FNH is the hepatic vein
or sinusoid around the nodule {10], and corona enhancement
is not always observed.

Superparamagnetic iron oxide {SPIO)-enhanced MRI is
a noninvasive modality. SPIO accumaulates in Kupffer cells
present in normal liver parenchyma and causes a signal loss
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