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Abstract

AIM: To differentiate focal liver lesions based on en-
hancement patterns using three-dimensional ultraso-
nography (3D US) with perflubutane-based contrast
agent.

METHODS: Two hundred and eighty two patients with
focal liver lesions, including 168 hepatocellular carci-
nomas (HCCs), 63 metastases, 40 hemangiomas and
11 focal nodular hyperplasias (FNHs), were examined
by 3D US with perflubutane-based contrast agent.
Tomographic ultrasound images and sonographic an-
giograms were reconstructed. Among 282 lesions,
enhancement patterns of 163 lesions between January

144

Jgn?s:iﬁmg"‘ WJG | www.wjgnet.com

2007 and October 2007 were analyzed retrospectively.
Then from November 2007 to May 2008, compared
with contrast-enhanced (CE) 2D US, CE 3D US was
performed on 119 lesions for prospective differential
diagnosis. Sensitivity, specificity, area under receiver
operating characteristic curve (A:) and inter-reader
agreement were assessed.

RESULTS: With the tridimensional view, dominant en-
hancement patterns were revealed as diffuse enhance-
ment or peripheral ring-like enhancement, followed
with washout change for HCCs or metastases, respec-
tively, and peripheral nodular enhancement or diffuse
enhancement with spoke-wheel arteries, followed by
persistent enhancement for hemangiomas or FNHs,
respectively. At CE 3D US, the prospective differentia-
tion of lesions showed sensitivity 92% (mean for two
readers), specificity 91% and A- value 0.95 for HCCs,
84%, 97%, and 0.95 for metastases, 91%, 98%, and
0.98 for hemangiomas and 80%, 99%, and 0.99 for
FNHs, respectively, while good to excellent inter-reader
agreement was achieved. No significant difference ex-
ists between prospective diagnosis accuracy at CE 3D
US and that at CE 2D US.

CONCLUSION: CE 3D US provides a spatial perspec-
tive for liver tumor enhancement, and could help in
differentiating focal liver lesions.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Focal liver lesions are increasingly being discovered with
the widespread use of diagnostic imaging modalities, and
differentiation of various liver lesions is considered to be
critical for determining treatment options. Tremendous
advancements in imaging techniques, including ultraso-
nography (US), computed tomography (CT), and mag-
netic resonance imaging (MRI) have resulted in these
modalities being accepted as effective and thus widely
used to characterize focal liver lesions ™. This reduces
the necessity of invasive histopathological examination.

With the advantages of non-invasiveness, no radia-
tion and flexible operation, contrast-enhanced (CE) US
has become increasingly important in the detection and
characterization of focal liver tumors over the past sev-
eral years'”". Microbubbles of ultrasound contrast agent
approximately the same size as red blood cells move into
vessels but not through the vascular endothelium into
the interstitium, which provides exact information about
vascularity by reflecting specific signals, while some
contrast agents present a postvascular hepato-specific
phase probably due to reticuloendothelial system phago-
cytosis or the adherence of microbubbles to hepatic si-
nusoids"*"", Sonazoid (Daiichi Sankyo, Tokyo, Japan), a
newly-developed second-generation ultrasound contrast
agent, which consists of microbubbles (mean diameter
2-3 um) of a perfluorobutane gas stabilized by a phos-
pholipid monolayer shell, allows continuous real-time
CE imaging for more than 10 min, and improves the re-
producibility and durability of CE US examination ",

Recently, the advent of CE three-dimensional (3D)
US, facilitating demonstration of the desired regions
with dynamic information in spatial volume, has led
to new applications of CE US imaging” . Different
from the 2D images, CE 3D US acquires the data in
a volume of interest (VOI) by automatically scanning
with a desired angle and allows reconstruction of tomo-
graphic images in three orthogonal planes and rendered
angiogram-like images. With the feature of illustration in
three dimensions, CE 3D US has been proven to offer
accurate and detailed visualization of the vascular char-
acteristics of various focal liver tumors™?".,

To our knowledge, although many studies on dif-
ferentiation among various focal liver lesions have been
conducted using CE 2D US¥"* and recently a few using
CE 2D US with Sonazoid®™, the exact value of CE 3D
US with Sonazoid in the differential diagnosis of various
focal liver lesions has not yet been clarified. Thus, in this
study, in order to examine the potential role of CE 3D
US in characterizing focal liver lesions, we retrospectively
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evaluated the enhancement patterns and the diagnostic
criteria established using dominant enhancement pat-
terns were then applied to differentiation among focal
liver lesions in a prospective study.

MATERIALS AND METHODS

Patients

Institutional Review Board approval was obtained for
this retrospective and prospective study and informed
consent was obtained from all patients. The reference
standards for focal liver lesions in this study were de-
scribed as follows: hepatocellular carcinomas (HCCs)
with diameters exceeding 2 cm were confirmed by typi-
cal findings on both dynamic multi-detector CT and
CE MRIB”; HCCs exceeding 2 cm in diameter without
typical radiological findings and those less than 2 cm in
diameter, as well as all the liver metastases, were con-
firmed using histopathological results from percutane-
ous biopsy or surgery; benign tumors were confirmed
by typical appearance on either dynamic multi-detector
CT or CE MRI with at least 6-mo follow-up by dynamic
multi-detector CT or CE MRI, and those without typical
findings were confirmed histopathologically.

Between January 2007 and October 2007, 183 con-
secutive patients known or suspected to have focal liver
lesions were examined using CE 3D US. Among these,
163 patients (90 men and 73 women) with 163 focal
liver tumors were retrospectively identified, based on
the following enrollment criteria: satisfactory CE 3D US
images were acquired without artifacts from the cardiac
and respiratory motion, shadows of costal bones, and
abdominal gas; the definitive diagnosis of lesions was
confirmed according to reference standards; the lesions
had not been treated previously. Twenty patients were
excluded: 6 with HCCs and 6 with hepatic metastasis
lesions lacking a histological diagnosis; 3 HCCs and 3
hemangiomas with serious artifacts on the images; 2
benign lesions suspected on clinical information and
imaging follow-up, without typical radiological findings
and histological results. For 58 patients with multiple le-
sions, only the largest one with CE 3D US images and
confirmed diagnosis was selected for evaluation. These
163 lesions were reviewed in the retrospective study to
summarize the dominant enhancement patterns, which
would be the diagnostic criteria in the prospective study.

From November 2007 to May 2008, the prospective
study was conducted using CE 3D US on 124 consecu-
tive patients with suspicious focal liver lesions detected
by prior conventional US or CT and after that, CE 2D
US was performed on each patient. For 40 patients with
multiple lesions, CE 3D US examination was performed
on the largest one, and if the largest lesion was not suit-
able for scanning due to its location, the next largest le-
sion was selected. CE 2D US was performed on the same
lesion scanned by CE 3D US. In the prospective study,
the exclusion criteria were: patients unable to hold breath;
lesions with inappropriate locations for acquiring CE 3D
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Retrospective study (7 = 163)

Prospective study (7 = 119)

HCC Metastasis Hemangioma FNH HCC Metastasis Hemangioma FNH

No. of patients 98 35 24 6 70 28 16 5
No. of lesions 98 85 24 6 70 28 16 5
Age of patients (yr) 69.8 +6.5 64.8 £13.2 58.9+11.2 54.2+16.7 72573 69.2+83 55.4+14.1 52.8+18.4
Liver cirrhosis

Child-Pugh class A 78 0 1 0 52 0 0 0

Child-Pugh class B 20 0 0 0 18 0 0 0
Lesion diameter (mm) 30.1+24.3 289+155 31.5+18.0 38.4+12.0 29.1+20.4 30.7+21.1 33.7+16.7 374+15.0
Final diagnosis

Surgery 11 15 2 0 6 12 0 0

Biopsy 29 20 0 1 19 16 0 1
Radiological imaging 58 0 22 5 45 0 16 4

HCC: Hepatocellular carcinoma; FNH: Focal nodular hyperplasia.

US images due to artifacts from costal bone shadows,
heart motion or abdominal gas; patients with lesions
requiring histopathological diagnosis according to a ref-
erence standard but in whom surgery or biopsy was not
possible due to poor liver function or lack of consent.
Finally, 119 patients (67 men and 52 women) with 119
liver lesions were enrolled, while 2 patients with HCCs
less than 2 cm in diameter and one with metastases were
excluded for lack of consent on biopsy, and one patient
with HCC and one with hemangioma were excluded for
the obstruction of costal bone shadow.

Final diagnosis and clinical characteristics are shown
in Table 1. The metastases in the retrospective study
included 17 from colon carcinomas, 6 from pancreatic
carcinomas, 5 from intrahepatic cholangiocellular car-
cinomas (ICC), 4 from rectal carcinomas, 1 from an
ileum carcinoma, 1 from a gallbladder carcinoma and 1
from an ovarian carcinoma. Metastases in the prospec-
tive study comprised 15 from colon carcinomas, 4 from
pancreatic carcinomas, 4 ICCs, 2 from rectal carcinomas,
1 from an ileum carcinoma, 1 from an ovarian carci-
noma, and 1 from a gastric carcinoma. In this study, we
classified the ICCs as hepatic metastasis because differ-
entiation of ICCs from metastasis is difficult using only
radiological imaging enhancement patterns.

Data acquisition

In the retrospective study, using the LOGIQ 7 ultra-
sound imaging system and 4D3CL volume probe (GE
Healthcare, Milwaukee, WI) with a 2.0-5.5 MHz fre-
quency, CE 3D US was performed by one sonographer
with 10 years expetience in using abdominal CE US. In
the prospective study, CE 3D US was performed by the
same sonographer in the retrospective study. After 1 or
2 d using the LOGIQ 7 ultrasound imaging system and
3.5 CS convex probe (GE Healthcare, Milwaukee, WI),
CE 2D US was performed on each lesion by the same
sonographer at CE 3D US. In this study, the acquisition
of 3D images was performed with a convex volume
4D3C-L probe which scans automatically with internal
sectorial mechanical tilt movement to obtain the data.
The scanning angle could be selected from 15° to 84°. In
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this study we used 30-70° depending on different tumor
sizes and the duration for one scanning process varied
from 4.5 to 21.3 s (mean time, 12 s).

Prior to both CE 2D US and CE 3D US scanning,
all patients received an intravenous bolus injection of
0.2 mL Sonazoid followed by a 2 mL 5% glucose solu-
tion and subsequent infusion of 5% glucose solution at
10 mI./min. The coded harmonic angio (CHA) mode
(mechanical index = 0.5-0.9) at 8 to 13 frames per second
was used for both CE 2D US and CE 3D US scanning.
The contrast sonography process included three phases,
that is, an early phase (10-40 s after contrast medium in-
jection), a middle phase (80-120 s after contrast medium
injection) and a late phase (more than 5 min after con-
trast medium injection). During each phase, the CE US
scanning was performed when the characteristic enhance-
ment of focal liver lesions appeared.

Static 3D and Autosweep 3D functionalities, with
which the LOGIQ 7 ultrasound imaging system is
equipped, were used for image acquisition. Employing
the different engineering features of these two function-
alities, in the early phase, both Static 3D and Autosweep
3D were used to acquire 3D data, while in the two other
phases only the Autosweep 3D functionality was used. A
VOI with an adjustable scanning angle and size was de-
termined before scanning to contain the desired region.
The data acquired were stored as cineloops in the hard
disk of the ultrasound imaging system.

Image reconstruction

3D image reconstruction was performed using the func-
tionalities with which the LOGIQ 7 ultrasound system
was equipped. In the VOI which was presented in an
isotropic rectangular coordinate frame, the three or-
thogonal planes were referred to as plane A which could
migrate from front to rear through the VOI, plane B
from left to right and plane C from up to down. Tomo-
graphic ultrasound images (TUI) with presentation of
several parallel slices in three orthogonal planes were re-
constructed in three phases, while the number of slices
that could be selected was 2, 4, or 6 for images obtained
using Autosweep 3D, and 2, 4, or 9 for Static 3D. In
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order to show the desired images, the range of distance
between two slices in TUI could be adjusted if required.
The mean times of these procedures were about 20 s.
Sonographic angiogram images were reconstructed in an
angio-like view during the early phase by using various
rendering modes. The maximum intensity mode display-
ing the maximum grey values in the VOI, mixed with
surface mode displaying the grey value on the surface
of objects, was used to visualize tumor vessels and early
tumor enhancement, while the average intensity mode
displaying the average grey values in the VOI, mixed
with surface mode, was employed to describe the tumor
based on the predominantly unenhanced areas. The
mean times of these procedures were about 45 s. TUI
in three dimensions and sonographic angiogram images
were stored with volume data in the hard disk of the ul-
trasound imaging system. In both the retrospective study
and the prospective study, the reconstruction of all the
images was completed by one operator with 10 years of
experience in abdominal US and 1 year in CE 3D US,
blinded to the final diagnosis and other related informa-
tion on patients.

Image evaluation

Before the 3D image evaluations in both the retrospec-
tive and prospective studies, all readers were given train-
ing in the assessment of various enhancement patterns.
Image evaluation was divided into two sections: in the
first section, TUI in early, middle and late phases and so-
nographic angiograms in the early phase were reviewed
separately in random order for all the lesions and the en-
hancement patterns in each phase were classified; in the
second section, all images in three phases for each lesion
were read consecutively to observe enhancement chang-
es over time. In the prospective study, 2D images were
read 2 wk after the 3D image review. All the images were
reviewed on the ultrasound imaging system. The zoom
function and arbitrary rotation of images are available in
both TUI and sonographic angiograms.

In the retrospective study, images were reviewed in-
dependently by two readers (Numata K and Morimoto
M) with 10 years of experience in liver US and 1.5 years
of experience in CE 3D US imaging, who were blinded
to final diagnosis and clinical and other radiological
information. The readers were asked to classify the en-
hancement patterns in three phases and enhancement
changes over time. In the early phase, the enhancement
patterns consisted of tumor enhancement and tumor
vessels: four tumor enhancement patterns including
diffuse enhancement defined as homogeneous or het-
erogeneous tumor enhancement, peripheral ring-like
enhancement defined as enhancement in the tumor
petiphery with a ring shape, petipheral nodular enhance-
ment defined as enhancement in the tumor periphery
with a nodular shape, and absence of tumor enhance-
ment; four tumor vessel patterns including intratumoral
vessels in the central portion of the tumor, peritumoral
vessels at the petiphery of the tumor, spoke-wheel arter-
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ies defined as a centrally located artery with centrifugal
stellate branching, and absence of vessels. In the middle
phase, four patterns were classified based on tumor en-
hancement: diffuse enhancement, peripheral ring-like
enhancement, peripheral nodular enhancement and per-
fusion defect. In the late phase, the hypoechoic pattern
was defined as all or part of the lesion having low echo-
genicity as compared to the surrounding liver parenchy-
ma, and the isoechoic pattern as the entire lesion hav-
ing echogenicity equal to that of the surrounding liver
parenchyma. The enhancement changes over time were
assessed: washout, early enhancement greater than that
of the liver parenchyma and enhancement in the middle
or late phase less than that of the liver parenchyma; per-
sistence, whatever the enhancement pattern in the early
phase was, enhancement of the lesion in the middle and
late phases was at least equal to that of the liver paren-
chyma; absence of washout and persistence, no distinct
enhancement was detected in any of the three phases.

Evaluations of 153 lesions by two teaders were in
concordance. For 10 lesions, enhancement patterns eval-
uated by two readers were different but a consensus was
finally reached. After the pattern classification, the com-
bination of enhancement patterns in the three phases
was summarized and the positive predictive value (PPV)
was calculated. The combined enhancement patterns
with PPV more than 50% served as diagnostic criteria
for the analysis in the prospective study.

In the prospective study, two readers (Nozaki A and
Luo W) with 8 and 5 years of experience in CE US of
the liver and 1 year of experience in CE 3D US imaging,
blinded to the final diagnosis and clinical and other ra-
diological information, read CE 3D US images and dif-
ferentiated focal liver lesions according to the diagnostic
criteria established in the retrospective study. After read-
ing 2D images, these two readers also made a diagnosis
of each lesion according to the criteria previously estab-
lished (Table 2)?">%,

On 3D images and 2D images, for each diagnosis,
1.e. HCC, metastasis, hemangioma, and focal nodular
hyperplasia (FNH), a four-point scale was used to grade
diagnostic confidence. For instance, in HCCs, grade 1
was defined as “probably not a HCC lesion”, grade 2
as “possibly not a HCC lesion”, grade 3 as “possibly a
HCC lesion” and grade 4 as “probably a HCC lesion”.
The confidence level of each reader was compared in
consideration of the final diagnosis by two physicians
(Kondo M and Tanaka K). True-positive (TP) cases
were considered to be those assigned as grade 3 to 4 and
verified by reference standards as actually being positive
diagnoses. False-positive (FP) cases were considered to
be those assigned as grade 3 to 4 but verified as actually
being negative diagnoses. True-negative (TN) cases were
considered to be those assigned as grade 1 to 2 by the
reader, and verified as actually being negative diagnoses.
False-negative (FN) cases were considered to be those
assigned as grade 1 to 2 but verified as actually being
positive diagnoses.
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Lesion Enhancement patterns
Early phase Middle phase Late phase
HCC Intratumoral vessels with early homogeneous or Homogeneous or heterogeneous Hypoechoic lesion

heterogeneous enhancement, or intratumoral vessels alone

enhancement

Metastasis Peritumoral vessels with early peripheral ring like Peripheral ring like enhancement ~ Hypoechoic lesion
enhancement or perfusion defect
Hemangioma  Peripheral nodular enhancement Peripheral nodular enhancement,  Isoechoic lesion, with centripetal
with centripetal progression progression
FNH Spoke-wheel arteries with early homogeneous enhancement Homogeneous enhancement Isoechoic lesion with central scar

CE: Contrast-enhanced; 2D US: Two-dimensional ultrasonography.

Statistical analysis

The data analysis was performed by using SPSS software
(version 11.0; SPSS, Tokyo, Japan). In the retrospective
study, SE was defined as the probability of the given
enhancement pattern appearing in a reference disease,
while SP indicated the probability of the absence of a
given enhancement pattern for negative diagnoses. Prior
probability was calculated by dividing the numbers of
HCCs, metastases, hemangiomas and FNHs by the total
number of tumors (163 tumors). According to Bayes
theorem, the PPV of the combination of enhancement
patterns for each tumor category was calculated based
on sensitivity (SE), specificity (SP), and prior probability
(PP) using the formula: PPV = SE X PP/[SE X PP +
(1-SP)X (1 - PP)].

In the prospective study, SE was calculated as TP/
(TP + FN) and SP was calculated as TN/ (FP + TN).
The ROC curve was fitted to each reader’s confidence
level by using a maximum likelihood estimation program
(ROCKIT 0.9B; http://www-radiology.uchicago.edu/
krl/KRL_ROC). Area under the ROC curve (A;) with
the 95% confidential interval was calculated for each
modality to measute the overall diagnostic performance.
K values were used to assess inter-reader agreement in
characterizing focal liver tumors. Agreement was graded
as poor (< 0.20), moderate (0.20 to 0.40), fair (0.40 to
0.60), good (0.60 to 0.80), or excellent (0.80 to 1.00).

RESULTS

Retrospective study

The enhancement patterns of 163 focal liver lesions are
summarized in Table 3. In the eatly phase, 90% (88 of
98) of HCCs showed diffuse enhancement with intra-
tumoral vessels (Figure 1A and B), 60% (21 of 35) of
liver metastases peripheral ring-like enhancement with
intratumoral or peritumoral vessels (Figure 2A), 79%
(19 of 24) of hemangiomas peripheral nodular enhance-
ment with peritumoral vessels or absence of vessels
(Figure 3A and B), and 100% (6 of 6) of FNHs diffuse
enhancement with spoke-wheel arteries (Figure 4A-C).
In the middle phase, 93% (91 of 98) of HCCs showed
diffuse enhancement (Figure 1C) and 69% (24 of 35) of

metastases peripheral ring-like enhancement (Figure 2B),
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75% (18 of 24) of hemangiomas peripheral nodular
enhancement (Figure 3C) and 25% (6 of 24) diffuse
enhancement, and 100% (6 of 6) of FNHs diffuse en-
hancement. In the late phase, 137 of 163 lesions were hy-
poechoic (Figures 1D, 2C, 2D and 3D), while the others
were isoechoic (Figure 4D). Washout of enhancement
was detected mainly in 121 of 133 malignant lesions
(Figures 1 and 2), while enhancement persistence was de-
tected mainly in 29 of 30 benign lesions (Figures 3 and 4).
One HCC and two metastasis lesions were not enhanced
from the early to the late phase and were assessed as
showing absence of washout and persistence. The com-
bination of enhancement patterns in three phases with
PPV above 50% were summarized for each tumor cat-
egory in Table 4 as the dominant enhancement patterns
for establishing diagnostic criteria on 3D images in pro-
spective study.

Prospective study

For CE 3D US, the diagnostic criteria for HCCs resulted
in a SE of 93% (mean for two readers), SP of 91% and
A; value of 0.95, while those for metastases showed a
SE of 84%, SP of 97% and A; value of 0.95 in the pro-
spective study. The combined enhancement patterns for
hemangiomas as diagnostic criteria resulted in a SE of
91%, SP of 98% and A; value of 0.98, while the domi-
nant enhancement patterns for FNHs as diagnostic cri-
teria resulted in a SE of 80%, SP of 99%, and A; value
of 0.99. Good to excellent inter-reader agreement was
thus achieved for HCCs (k = 0.80), metastases (k = 0.83),
hemangiomas (k = 0.79) and FNHs (k = 0.70).

For CE 2D US, sensitivity, specificity and Az value
of differential diagnosis were shown in Table 5. There
were no significant differences between sensitivity,
specificity and A; value on CE 2D US and those on CE
3D US (P > 0.05). For HCCs, there was an SE of 92%,
SP of 87% and Az value of 0.95 (mean of two readers),
while an SE of 84%, SP of 97% and A; value of 0.94
were recorded for metastasis. For hemangioma, there
was an SE of 84.5%, SP of 98% and Ax value of 0.95.
For FNH, an SE of 70%, SP of 98% and A: value of
0.98 were presented. SE, SP and A; value of hemangio-
ma and FNH on CE 2D US appeared lower than those
on CE 3D US.
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Table 3 Enhancement patterns using CE 3D US in three phases: positive predictive value in retrospective study

Enhancement patterns Positive predictive value
No. Early phase Middle phase Late phase Enhancement HCC Metastasis Hemangioma  FNH
Tumor Tumoral Tumor Tumor changes
enhancement vessels enhancement echogenicity
1 Diffuse Intratumoral Diffuse Hypoechoic Washout 0.98 (81) 0.01 (1) 0.01 (1) 0.00 (0)
Diffuse Intratumoral Diffuse Isoechoic Persistence 0.60 (3) 0.00 (0) 0.40 (2) 0.00 (0)
3 Diffuse Intratumoral Peripheral Hypoechoic Washout 0.33 (2) 0.67 (4) 0.00 (0) 0.00 (0)
ring-like
4 Diffuse Intratumoral Perfusion Hypoechoic Washout 0.67 (2) 0.33 (1) 0.00 (0) 0.00 (0)
defect
5 Diffuse Spoke-wheel Diffuse Isoechoic Persistence 0.00 (0) 0.00 (0) 0.00 (0) 1.00 (6)
arteries
6 Peripheral ring-like Intratumoral Diffuse Isoechoic Persistence 1.00 (3) 0.00 (0) 0.00 (0) 0.00 (0)
enhancement
7 Peripheral ring-like Intratumoral Peripheral Hypoechoic Washout 0.14 (1) 0.86 (6) 0.00 (0) 0.00 (0)
enhancement ring-like
8 Peripheral ring-like Peritumoral Peripheral Hypoechoic Washout 0.00 (0) 1.00 (12) 0.00 (0) 0.00 (0)
enhancement ring-like
9 Peripheral ring-like Peritumoral Perfusion Hypoechoic Washout 0.00 (0) 1.00 (3) 0.00 (0) 0.00 (0)
enhancement defect
10 Peripheral nodular Peritumoral Diffuse Isoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (1) 0.00 (0)
11 Peripheral nodular Peritumoral Peripheral Hypoechoic Persistence 0.00 (0) 0.00 (0) 0.67 (2) 0.00 (0)
nodular
12 Peripheral nodular Peritumoral Peripheral Isoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (1) 0.00 (0)
nodular
13 Peripheral nodular Peritumoral Peripheral Hypoechoic Washout 0.00 (0) 0.33 (1) 0.00 (0) 0.00 (0)
nodular
14 Peripheral nodular Absence Diffuse Isoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (2) 0.00 (0)
15 Peripheral nodular Absence Peripheral Hypoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (8) 0.00 (0)
nodular
16 Peripheral nodular Absence Peripheral Isoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (5) 0.00 (0)
nodular
17 Absence Intratumoral Diffuse Isoechoic Persistence 1.00 (3) 0.00 (0) 0.00 (0) 0.00 (0)
18 Absence Intratumoral Diffuse Hypoechoic Washout 1.00 (1) 0.00 (0) 0.00 (0) 0.00 (0)
19 Absence Intratumoral Peripheral Hypoechoic Washout 0.00 (0) 1.00 (1) 0.00 (0) 0.00 (0)
ring-like
20 Absence Intratumoral Perfusion Hypoechoic Washout 1.00 (1) 0.00 (0) 0.00 (0) 0.00 (0)
defect
21 Absence Peritumoral Peripheral Hypoechoic Washout 0.00 (0) 1.00(1) 0.00 (0) 0.00 (0)
ring-like
22 Absence Peritumoral Perfusion Hypoechoic Washout 0.00 (0) 1.00 (3) 0.00 (0) 0.00 (0)
defect
23 Absence Absence Perfusion Hypoechoic Absence 0.33 (1) 0.67 (2) 0.00 (0) 0.00 (0)
defect
24 Absence Absence Peripheral Hypoechoic Persistence 0.00 (0) 0.00 (0) 1.00 (2) 0.00 (0)
nodular

Positive predictive values are presented with number of lesions in parentheses.

Table 4 Sensitivity, specificity and A: value for differential diagnosis based on CE 3D US in prospective study

Focal liver tumors Diagnostic criteria based on Sensitivity Specificity A value
combined enhancement patterns

HCC 1,2,4,6,17,18,20 Reader 1 91 (64/70) 90 (44/49) 0.94 (0.88-0.95)
Reader 2 94 (66/70) 92 (45/49) 0.96 (0.91-0.98)

Metastasis 3,7,8,9,13,19,21,22,23 Reader 1 86 (24/28) 97 (88/91) 0.95 (0.89-0.98)
Reader 2 82 (23/28) 96 (87/91) 0.94 (0.89-0.97)

Hemangioma 10,11, 12, 14, 15, 16, 24 Reader 1 94 (15/16) 98 (101,/103) 0.98 (0.94-1.00)
Reader 2 88 (14/16) 97 (100/103) 0.97 (0.90-1.00)

FNH 5 Reader 1 80 (4/5) 98 (112/114) 0.99 (0.95-1.00)
Reader 2 80 (4/5) 99 (113/114) 0.98 (0.87-1.00)

Combined enhancement patterns for diagnostic criteria are summarized according to the serial numbers in Table 3. Sensitivity and specificity data are
presented as percentages with numbers of tumors in parentheses, and A: values are presented with 95% confidence intervals in parentheses.
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Figure 1 Contrast-enhanced (CE) three-dimensional ultrasonography (3D US) images of the liver in a 57-year-old man with hepatocellular carcinoma (HCC)
in the anterior superior segment of the right lobe. A, B: Tomographic ultrasound image with slice distance 1.5 mm in plane A (A) and the sonographic angiogram
rendered by maximum intensity with surface mode (B) show diffuse enhancement with intratumoral vessels (arrows) in the early phase; C: Tomographic ultrasound
image with slice distance 2.0 mm in plane B shows diffuse enhancement in the middle phase; D: Tomographic ultrasound image with slice distance 2.0 mm in plane C

shows hypoechoic pattern in the late phase. Enhancement change of washout was detected in this lesion. Arrowheads indicate the tumor margin.

Lesion Sensitivity Specificity A: value (95% CI)
HCC
Reader 1 89 (62/70) 88 (43/49) 0.95 (0.89-0.98)
Reader 2 94 (66/70) 86 (42/49) 0.95 (0.90-0.98)
Metastasis
Reader 1 86 (24/28) 96 (87/91) 0.93 (0.85-0.97)
Reader 2 82 (23/28) 98 (89/91) 0.95 (0.88-0.98)
Hemangioma
Reader 1 81 (13/16) 97 (100/103) 0.94 (0.80-0.99)
Reader 2 88 (14/16) 99 (102/103) 0.95 (0.73-1.00)
FNH
Reader 1 60 (3/5) 97 (111/114)  0.97 (0.74-1.00)
Reader 2 80 (4/5) 98 (112/114) 0.98 (0.66-1.00)

Sensitivity and specificity data are presented as percentages with numbers
of tumors in parentheses.

DISCUSSION

Our study explored the potential role of CE 3D US, a
newly-developed imaging modality, in presenting various
tumor enhancement patterns and further characterizing
different types of focal liver lesions. In this study, we
used Sonazoid with CHA mode and high mechanical
index contrast conditions, which allowed sensitive obset-
vation of vessels in the eatly phase by eliminating micro-
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bubbles in microvessels but not those in relatively large
vessels, such as tumor vessels and portal veins!"”

In a previous study, we explored the visualization
methods of CE 3D US for demonstrating focal liver le-
sions™™. Moreover, in a retrospective study, according to
the diagnostic criteria based on our experience and that
described in the literatures, we assessed the diagnostic
value of CE 3D US for characterization of focal liver le-
sions, in comparison with that of CE 3D CT™. Further,
in the present study, we performed a retrospective study
to clarify the enhanced patterns of focal liver lesions on
CE 3D US, and the combined enhancement patterns
with PPV more than 50% served as diagnostic criteria.
According to these diagnostic criteria, we prospectively
evaluated CE 3D US for characterizing liver lesions.

On CE 3D US, sonographic angiograms rendered us-
ing maximum intensity mode could be used to delineate
tumor enhancement and present the spatial distribution
of tumor vessels. Spoke-wheel arteries were regarded as a
typical characteristic of FINHs on CE imaging in previous
studies”"™. CE 3D US facilitated categorization of spoke-
wheel arteries and provided a tridimensional view of the
stellate branches. With consensus of the two readets, all 6
FNHs in the retrospective study were detected based on
spoke-wheel arteries followed by persistent enhancement.
In the prospective study, except for one FNH without dis-
tinctly detectable of spoke-wheel arteries, 4 of the other 5
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Figure 2 CE 3D US images of the liver in a 64-year-old woman with metastases from pancreatic carcinoma in the anterior superior segment of the right lobe.
A: Images in the early phase show peripheral ring-like enhancement with peritumoral vessels (arrows) in plane A (upper left), plane B (upper right), plane C (lower left) and
the sonographic angiogram rendered by average intensity with surface mode (lower right); B: Tomographic ultrasound image with slice distance 2.0 mm in plane A shows
peripheral ring-like enhancement in the middle phase; C, D: Tomographic ultrasound images (TUI) in plane A with slice distance 2.5 mm (C) and that in plane C with slice
distance 2.0 mm (D) show hypoechoic pattern in the late phase. Enhancement change of washout was detected in this lesion. Arrowheads indicate the tumor margin.

Figure 3 CE 3D US images of the liver in a 59-year-old woman with a hemangioma in the anterior inferior segment of the right lobe. A, B: Tomographic
ultrasound image in plane A with slice distance 1.0 mm (A) and sonographic angiogram rendered by average intensity with surface mode (B) show peripheral
nodular enhancement without distinct tumor vessels in the early phase; C: Tomographic ultrasound image in plane B with slice distance 1.0 mm shows peripheral
nodular enhancement in the middle phase; D: Tomographic ultrasound image with slice distance 1.0 mm in plane B with slice distance 1.0 mm shows hypoechoic
pattern in the late phase. Persistent enhancement over time was detected in this lesion. Arrowheads indicate the tumor margin.
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Figure 4 CE 3D US images of the liver in a 77-year-old man with FNH in the medial segment of the left lobe. A-C: TUI in plane A with slice distance 1.5 mm (A)
and plane B with slice distance 1.5 mm (B), and the sonographic angiogram rendered by maximum intensity with surface mode (C) show diffuse enhancement with
spoke-wheel arteries (arrows) in the early phase; D: TUI in plane C with slice distance 2.5 mm show isoechoic pattern in the late phase and hypoechoic regions within
the tumor indicate central scars. Persistent enhancement over time was detected in this lesion. Arrowheads indicate the tumor margin.

lesions were diagnosed correctly. For the lesions with pe-
ripheral enhancement, sonogtraphic angiograms rendered
using average intensity modes delineated unenhanced
portions in the lesions with hypoechoic appearance to
make the tumor distinguishable from the surrounding liver
parenchyma. Another feature of CE 3D US was the appli-
cation of tomographic images presented in several parallel
slices to multiplanar reconstruction, which allowed the
reader to evaluate enhancement patterns in different por-
tions of the lesion simultaneously. In this study, although
there were no significant differences between the prospec-
tive diagnosis at CE 3D US and that at CE 2D US, CE 3D
US created a spatial and easily understood view for both
hemodynamic and morphologic evaluation of focal liver
tumors, which were formed only in the doctors’ imagina-
tion by 2D imaging using complex acquisition methods.
The good to excellent inter-reader agreement in our pre-
vious study about CE 3D US as a means of presenting
characteristic enhancement of HCCs has indicated CE 3D
US can exhibit the characteristic enhancement of HCC
tumors objectively™.

In the present study, with analysis of combination
of the enhancement in three phases at CE 3D US, the
dominant patterns were used as the diagnostic criteria
for individual category, and prospective differentiation
yielded a good sensitivity, specificity, high A; value, and
good to excellent inter-reader agreement, which revealed
the potential usage of CE 3D US in differentiating vari-
ous focal liver lesions.
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In the late phase in the retrospective study, 91% of
malignant tumors (88 HCCs and 33 metastases) with
washout changes appeared hypoechoic, while 53% of
benign tumors (10 hemangiomas and 6 FNHs) with
persistent enhancement appeared isoechoic. Neither
1soechoic metastases nor hypoechoic FINHs were found
in the late phase. There were 13 hemangiomas exhibiting
hypoechoic findings in the late phase, and 12 of these 13
lesions were detected with incomplete fill-in and persis-
tent enhancement, while one hemangioma was detected
with early diffuse enhancement and washout change and
was confirmed by the histological results on surgery.
Vascularity in the early and middle phases appeared to be
important for differentiation of focal liver lesions, and
enhancement in the late phase with enhancement chang-
es over time also facilitated characterizing the benign and
malignant lesions™”".

This study has some limitations. First, CE 3D US on
focal liver lesions has shortcomings including artifacts
from the heart or respiratory motion, shadows of costal
bones, and interference from abdominal gas, and so on.
We minimized the influence of artifacts by requiring pa-
tients to hold their breath during the scanning procedure,
selecting the location of the volume transducer, mediat-
ing the size and position of VOI, adjusting the scanning
angle, and reconstructing the sonographic angiogram
with appropriate rendering modes. Nevertheless, in some
cases, artifacts on CE 3D US images might impact the
readers’ judgments and these lesions were thus excluded.
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Second, in each case, only one lesion was evaluated and
we did not assess the diagnostic capability and detect-
ability of multiple lesions with CE 3D US. Third, the
FNH cases in this study were few because FINHs have a
relatively low prevalence and Sonazoid has been available
in Japan for less than 2 years. More cases need to be ex-
amined in a future investigation.

In summary, our present results indicate CE 3D US
with the contrast agent Sonazoid to offer a novel and
useful means of presenting the vascularity characteristics
three-dimensionally and differentiation of focal liver
lesions with good diagnostic capability. These features
of CE 3D US are anticipated to be of benefit in clinical
diagnosis.

COMMENTS

Background

Recently, contrast-enhanced (CE) ultrasound (US) appeared as an important
modality to show the vascularity in the areas of interest, and has been used
widely in clinical diagnosis of liver lesions. Three dimensional ultrasonography
(3D US) allows three orthogonal planes to spatially demonstrate the features
of subjects, which has been frequently used in fetal US. Different from the
2D images, CE 3D US acquires the data in a volume of interest (VOI) by
automatically scanning with a desired angle and allows reconstruction of
tomographic images in three orthogonal planes and renders angiogram-like
images. The combination of 3D US and CE US can present the enhancement
of lesions in three dimensions and also in parallel slices by multiple- planar
visualization.

Research frontiers

With the advantages of non-invasiveness, no radiation and flexible operation,
CE US has become increasingly important in the detection and characterization
of focal liver tumors over the past several years. Sonazoid (Daiichi Sankyo,
Tokyo, Japan), a newly-developed second-generation US contrast agent, which
consists of microbubbles (mean diameter 2-3 um) of a perfluorobutane gas
stabilized by a phospholipid monolayer shell, allows continuous real-time CE
imaging for more than 10 min, and improves the reproducibility and durability of
CE US examination.

Innovations and breakthroughs

To the authors’ knowledge, although many studies on differentiation among
various focal liver tumors have been conducted using CE 2D US and recently
a few using CE 2D US with Sonazoid, the exact value of CE 3D US with
Sonazoid in the differential diagnosis of various focal liver tumors has not yet
been clarified. Thus, in this study, in order to examine the potential role of CE
3D US in characterizing focal liver tumors, the authors retrospectively evaluated
tumor enhancement patterns, and the diagnostic criteria established using
dominant enhancement patterns were then applied to differentiation among
focal liver tumors in a prospective study.

Applications

The study’s results suggest that CE 3D ultrasound provides a spatial perspective
for liver tumor enhancement, and could help in differentiating focal liver tumors.
Terminology

Contrast enhanced ultrasound: the imaging modality of using US scanning
while microbubbles serving as contrast agent are injected into vessels in order
to improve the signals of red blood cells. Using this modality, the vascularity of
VOl was depicted exactly and hemodynamics was demonstrated clearly.

Peer review

The aim of this study is to differentiate focal liver lesions based on enhancement
patterns using 3D US with perflubutane-based contrast agent. The paper is
written in a good English form, and is properly structured.
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