A.Tsubota ef al.

further supported that IQGAP! is positively involved in the process of
hepatotumongenesns This is the first report to document the stepwise
increase of IQGAP1 mRNA and protein expression in a rat model of
naturally occurring oxidative stress-induced hepatotumorigenesis. In
Iggap2~'~ mice, HCC develops in an IQGAP1-dependent manner,
while overexpression of IQGAP1 is associated with acquired B-catenin
mutations, and dephosphorylated (active) B-catenin accumulates spe-
cifically in HCC livers but not in liver tissue from younger wild-type ot
Iggap2-/- mice without HCC (37).

Vimentin is a cytoplasmic intermediate filament protein synthe-
sized in cells of mesenchymal origin. It is therefore usually ex-
pressed in mcsenchymal but not epithelial cells, and high vimentin
expressmn in tumor epithelial cells has been correlated with tumor-
igenic potential, marked by the growth, invasive and migratory abil-
ity of cancer cells (38,39). Vimentin knockdown by RNA
interference reduces cancer cell activities, resulting in greatly de-
creased tumorigenic potential (39,40). Reversal of the mesenchymal
phenotype by inhibition of vimentin expression restores epithelial
characteristics to cells in vitro (keratin gene expression) and smaller
more differentiated tumors in vive (39). Vimentin expression is also
known as a sign of epithelial-to-mesenchymal transition, originally de-
fined as the formation of mesenchymal cells from epithelia during the
embryonic stages of development. In this process, the progression of
tumors with strong malignant potential requires the epithelial phenotype
to be lost along with junctional proteins such as E-cadherin and polariz-
ing of the cells. Meanwhile, the cell acquires a more mesenchymal
phenotype with reduced cell—cell adhesion, unpolarized spindle-shaped
morphology (fibroblasts and fibroblast-like cells), enhanced cell motility
and the presence of mesenchymal cellular markers such as vimentin
(41,42).

In fact, advanced liver tumors in LEC rats spread over the liver in a
scirrhous growth pattern and sometimes metastasize to lymph nodes. It
is noteworthy that the expression levels of vimentin mRNA and protein
increased in a stepwise manner during tumorigenesis in this study. Sim-
ilar to IQGAP1, vimentin was latently upregulated before the develop-
ment of liver tumors. It also increases in CCly-induced cirthotic mouse
livers, whereby hepatocytes derived from such livers and maintained
in vitro exhibit high expression of vimentin and low expression
E-cadherin, with the morphological characteristics of epithelial-to-
mesenchymal transition (43). Prolonged exposure of mouse hepato-
cytes to transforming growth factor-B increases vimentin expression,
suggesting that hepatocytes may have fibrogenic potential (44).

The text-mining software used in this study aimed to utilize more
comprehensive and recent gene-gene interaction data (htip://www.
nalapro.com) than manual curation pathway databases, such as Ingenuity
Pathway Analysis (45) and MetaCore (46). Moreover, the software pro-
vides interaction data with directional information among genes by using
natural language processing/text-mining technology, unlike machine
curation pathway databases, such as PubGene (47) and BiblioSphere
(48), which use a different text-mining algorithm. Bioinformatics, such
as integration of additional biological interactive data, is needed to un-
cover the molecular mechanisms underlying hepatotumorigenesis be-
cause the inherently complex and multivariate relations in gene
regulatory network lead to difficulties in data interpretation.

In conclusion, IQGAP1 and vimentin were stepwise upregulated in
an animal model with naturally occurring and oxidative stress-
induced hepatotumorigenesis, implicating both as major molecules
initiated and promoted by persistent oxidative stress, as key regulator
genes involved in the multistep process of liver tumorigenesis and as
targets for the development of novel gene therapies.

Supplementary material

Supplementary Tables | and 2 and Figures 1 and 2 can be found at
http://carcin.oxfordjournals.org/
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Abstract

Computer-aided diagnosis (CAD) has become one of
the major research subjects in medical imaging and
diagnostic radiology. The basic concept of CAD is to
provide computer output as a second opinion to assist
radiologists’ image interpretations by improving the ac-
curacy and consistency of radiologic diagnosis and also
by reducing the image-reading time. To date, research
on CAD in ultrasound (US)-based diagnosis has been
carried out mostly for breast lesions and has been
limited in the fields of gastroenterology and hepatol-
ogy, with most studies being conducted using B-mode
US images. Two CAD schemes with contrast-enhanced
US (CEUS) that are used in classifying focal liver le-
sions (FLLs) as liver metastasis, hemangioma, or three
histologically differentiated types of hepatocellular
carcinoma (HCC) are introduced in this article: one is
based on physicians’ subjective pattern classifications
(subjective analysis) and the other is a computerized

m
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scheme for classification of FLLs (quantitative analy-
sis). Classification accuracies for FLLs for each CAD
scheme were 84.8% and 88.5% for metastasis, 93.3%
and 93.8% for hemangioma, and 98.6% and 86.9%
for all HCCs, respectively. In addition, the classifica-
tion accuracies for histologic differentiation of HCCs
were 65.2% and 79.2% for well-differentiated HCCs,
41.7% and 50.0% for moderately differentiated HCCs,
and 80.0% and 77.8% for poorly differentiated HCCs,
respectively. There are a number of issues concerning
the clinical application of CAD for CEUS, however, it is
likely that CAD for CEUS of the liver will make great
progress in the future.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Ultrasound (US) is an easy-to-use and minimally invasive
imaging modality that is useful for detection and qualita-
tive diagnosis of focal liver lesions (FLLs). In addition,
the detection and qualitative diagnosis of FLLs have been
markedly unproved by the development of US contrast
agents consisting of microbubbles™ and by harmonic
imaging that can visualize nonlinear scattering of micro-
bubbles® .
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It is well known that 2 major problem with US ex-
aminations is their operator-dependent nature, as com-
pared with computed tomography (CT) and magnetic
resonance (MR) imaging"”. It is therefore necessary to
reduce the operator-dependent limitations of US exami-
nations. Computer-aided diagnosis (CAD) may be an ap-
proach that overcomes this problem.

To date, research on CAD in US-based diagnosis has
been carried out mostly on breast lesions"*"” and has been
limited in the fields of gastroenterology and hepatology. In
this article, we introduce CAD aimed at differential diag-
nosis of FLLs by use of contrast-enhanced US (CEUS), in
addition to reviewing CAD on US in liver research.

WHAT IS CAD?

Recently, CAID has become a major research subject in
medical imaging and diagnostic radiology™ ™", Many
different types of CAD schemes are being developed
for the detection and/or characterization of lesions in
vatious tissues using medical imaging, including conven-
tional projection radiography, CT, MR imaging, and US.
CAD research is being carried out on detecting lesions
in breast, chest, colon, brain, liver and kidney, as well as
the vascular and skeletal systems.

CAD is defined as a diagnosis made by a physician
who takes into account the computer output based on
quantitative analysis of radiologic images. This definition
is clearly distinct from automated computerized diag-
nosis™ ", which was attempted in the 1960s and 1970s
and included replacing radiologists by computers. Subse-
quently, Doi e a#** began their investigations on CAD
at the University of Chicago in the 1980s with a clear goal
of assisting radiologists with computerized information.
The goal of CAD research is to improve the quality and
productivity of radiologists’ tasks by improving the accu-
racy and consistency of radiologic diagnoses and also by
reducing the image-reading time.

CURRENT STATUS OF RESEARCH ON

CAD BASED ON US OF THE LIVER

To date, CAD based on US of the liver has been fre-
quently used in diffuse liver disease for quantifying the
degree of liver fibrosis and fat deposition™ ™. In addition,
CAD for FLLs has been reported”*"; however, the num-
ber of such reports is small compared with the reports on
CAD for diffuse liver disease. This is somewhat surprsing
because computers are, in general, superior to humans in
quantitative measurements and in differential diagnosis,
but inferior in lesion detection because of a large number
of false positives. However, CAD has been used for quan-
titative evaluation of liver volume for support treatment,
which included liver resection and radiofrequency ablation
therapy applied to hepatocellular carcinoma (HCC) by ap-
plication of volume measurements in 3D-US images™ .
All such applications have been developed based on
B-mode US images.
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Second-generation US contrast agents have been de-
veloped recently. Definity (Lantheus Inc., MA, USA) and
SonoVue (Bracco, Milan, Italy) became available com-
mercially in Canada and Europe, respectively, in 2001,
whereas SonoVue became available in China in 2006,
followed by Sonazoid (Daiichi Sankyo, Tokyo, Japan) in
Japan in 2007 and SonoVue in Korea in 2008. Their util-
ity for the diagnosis of FLLs has been reported"”. In
parallel, CAD with CEUS images for differentiating FLLs
has been reported”". In these studies, FLLs were diag-
nosed by analysis of relatvely simple blood flow param-
eters obtained from measurements of the time-intensity
curve (TTC), which reflects tumor hemodynamics. Thus,
research on CAD with CEUS images of the liver has just
begun worldwide. In the next section, we introduce two
different types of CAD schemes aimed at the differential
diagnosis of FLLs, which were developed in collabora-
tion with colleagues at the University of Chicago as ex-
amples of CADP"™,

SUBJECTIVE CLASSIFICATION OF
FLLs USING PHYSICIANS’ SUBJECTIVE
PATTERN CLASSIFICATIONS
(SUBJECTIVE ANALYSIS)

In this study, a total of 137 nodules in 137 cases were
used for the development of CAD; specifically, there
were 74 HCCs |23 well-differentiated (w-HCC), 36
moderately differentiated (m-HCC) and 15 poorly dif-
ferentiated (p-HCC)], 33 liver metastases and 30 liver
hemangiomas. HCC and liver metastasis were diagnosed
based on histology after liver resection or liver biopsy in
all cases. Liver hemangioma was diagnosed by contrast-
enhanced CT and/or MR imaging. The US equipment
used in this study was an SSA-790A (Aplio™XG; Toshi-
ba Medical Systems Co., Otawara, Japan). The imaging
mode was wideband harmonic imaging (commercially
called Pulse subtraction) with transmission and reception
frequencies of 3.75 MHz and 7.5 MHz, respectively. The
contrast agent used was Sonazoid, which consists of
perflubutane-based microbubbles surrounded by phos-
pholipids with a median diameter of 2-3 ym.

From the baseline US features of an FLL, three ex-
perienced physicians were requested to classify the echo-
genic patterns of the FLL into one of the following eight
patterns: (1) hyperechoic; (2) hypoechoic; (3) anechoic; (4)
thin hypoechoic rim; (5) thick hypoechoic rim (bull’s eye);
(6) hyperechoic rim; (7) mosaic; and (8) others (Figure 1A).
These patterns were proposed by Itai e/ a" for describing
the characteristics of FLLs from baseline US.

After rating the echogenic patterns of FLLs from base-
line US, the physicians were asked to classify the contrast-
enhancement patterns of FLLs into one of the following
eight patterns: (1) absent; (2) dotted; (3) peripheral rimlike;
(4) peripheral nodular; (5) central with spoke wheel-shape;
(6) diffuse heterogeneous; (7) diffuse homogeneous; and
(8) others (Figure 1B). These patterns were proposed by
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{5) Thick hypoechoic rim

(8) Others

(1) Absent

(5) Central with spoke wheel-shaped

(4) Peripheral nodular

4 o

(6) Diffuse hetérégéneous (7) Diffuse homogeneous

(8) Others

Figure 1 Hepatic tumors. A: lllustration of morphologic patterns of hepatic
tumors in the B-mode ultrasonography; B: Hlustration of enhancement patterns
of hepatic tumors in the arterial phase.

Quaia ¢r a/™. The physicians were not asked to provide a
diagnosis in this study.

For analysis of the subjective ratings obtained by the
three physicians, we created a matrix of 137 FLLs and 16
patterns, which indicated the total number of physicians
who rated lesions in each pattern.

To classify the five types of FLLs (i.e. w-HCCs,
m-HCCs, p-HCCs, metastases and hemangiomas) in this
CAD scheme, we employed four artificial neural networks
(ANNs), as shown in Figure 2. ANNs are mathematical
models based on biologic neural networks, which consist
of an interconnected group of artificial neurons that can
process information by using a connectionist approach
to computation. The order of the four decisions (labeled
D1-D4) in each ANN was determined by considering the
diagnostic difficulty, which was based on the physicians’
knowledge levels. The four decisions used in this study
were the following: (1) D1: Is this lesion an HCC (yes)
or other (no)? (2) D2: Is this lesion a hemangioma (yes)
or metastasis (no)? (3)D3: Is this lesion a p-HCC (yes) or
other HCC (no)? and (4) D4: Is this lesion a w-HCC (yes)
or a m-HCC (no)?

All decisions wete determined using each of the
ANNs with a two-alternative choice method. In the learn-
ing and testing process of the ANNs, a leave-one-out test
was employed in individual ANNSs. In this method, one

44
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B-mode and enhancement
patterns of FLL

3rd LN
p-HCC

4th LN
Metastasis

SthiN
Hemangioma

Figure 2 lilustration of the decision tree model used in this study. Four
decision nodes in which alternative choice was determined by all five FLLs,
leading to a final diagnostic decision for five liver lesions. D: Decision node;
FLL: Focal liver lesion; HCC: Hepatocellular carcinoma; LN: Leaf node; m-HCC:
Moderately differentiated HCC; p-HCC: Poorly differentiated HCC; w-HCC:
Well-differentiated HCC.

case is left out for a test, and the ANN is trained to learn
using the remaining cases. The one case that was left out
is used for testing the trained ANN. The same procedure
was then repeated until all cases were tested.

In the four ANNs, we did not use one of the subjec-
tive classifications (i.e. others), because we assumed that
uncertain data might have a detrimental effect on the
training of the ANNs. Thus, we used 14 input units cor-
responding to seven patterns of subjective classification
data in the matrix as described previously.

The cotrrect classification of the CAD scheme for
the five types of FLLs was determined when the final
outcome from the four ANNs agreed with the “gold
standard”. The classification accuracies for each type of
FLL and also for all 137 FLLs were determined with the
percentages of correctly classified cases among the total
number of cases.

Table 1 shows the performance of the computerized
scheme for the classification of the five types of FLLs.
The classification accuracies for the 137 FLLs were 84.8%
for metastasis, 93.3% for hemangioma, 65.2% for w-HCC,
41.7% for m-HCC, and 80.0% for p-HCC. When the
classification was conducted only for three types of FLLs
(i.e. HCCs, metastasts, and hemangioma), the classification
accuracy for all HCCs was 98.6%, as shown in Table 2.
The average classification accuracies for the three and five
types of FLLs were 94.2% and 71.5%, respectively.

COMPUTERIZED SCHEME FOR
CLASSIFICATION OF FLLs

Micro-flow imaging with contrast-enhanced
ultrasonography

Micro-flow imaging (MFI; Toshiba Medical Systems Co.,
Otawara, Japan) is a novel image-processing technique
that is accompanied by high-mechanical-index (MI >
1.0) disruptive flash frames and the maximum intensity

projection (MIP) technique™™”. MIP processing is initi-
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Lesion n Classification with CAD
HCC Metastasis Hemangioma
w-HCC m-HCC p-HCC

HCC 74

w-HCC 23 15 (65.2) 4(17.4) 4(17.4) 0(0.0) 0(0.0)
m-HCC 36 16 (44.4) 15 (41.7) 5{13.9) 0(0.0) 1(2.7)
p-HCC 15 1(6.7) 1(67) 12 (80.0) 1(67) 0(0.0)
Metastasis 33 1(3.0) 0(0.0) 1(3.0) 28(84.8) 3(9.1)
Hemangioma 30 0(0.0) 0(0.0) 1(3.3) 1(33) 28 (93.3)

Overall diagnostic accuracy: 98/137 (71.5%). CAD performance was evaluated by a leave-one-case-out methods. Reproduced, with
modification, form Sugimoto ef al""!, Acad Radiol 2009; 16: 401-411. CAD: Computer-aided diagnosis; HCC: Hepatocellular carcinoma;
w-HCC: Well-differentiated HCC; m-HCC: Moderately differentiated HCC; p-HCC: Poorly differentiated HCC.

Lesion n Classification with CAD

HCC Metastasis Hemangioma
HCC 74 73 (98.6) 1{1.9) 0(0.0)
Metastasis 33 2(6.1) 28 (84.8) 3(9.1)
Hemangioma 30 1(3.3) 1(3.3) 28 (93.3)

Overall diagnostic accuracy: 129/137 (94.2%). CAD performance was
evaluated by a leave-one-case out method. Reproduced, with modification,
form Sugimoto et ai™, Acad Radiol 2009; 16: 401-411.

ated after a sonographic flash frame disrupts bubbles in
the field of view. Using this technique, we could obtain
information about the microbubble pathway between
frames and observe exquisite detail of lesional vessels,
with the potential to show both their morphology and
their direction of filling”*",

To date, some investigators” " have reported that the
intratumoral vasculature of HCCs was clearly visualized
using this technique and pattern classification was possible;
these results suggested the possibility of differential diag-
nosis of the degree of HCCs™"". CEUS with MFI could
be useful for diagnosis of HCCs, and other FLLs, because
MFT can depict the minute intratumoral vasculature of
the tumor better than harmonic imaging. In this study, we
therefore used varous kinds of image features that can be
derived from MFI findings as input data for the CAD.

Image database

A total of 103 nodules in 97 cases were used for the devel-
opment of CAD. In more detail, there were 61 HCCs (24
w-HCC, 28 m-HCC and nine p-HCC), 26 liver metastases
and 16 liver hemangiomas. HCCs and liver metastases
were diagnosed based on histology after liver resection or
liver biopsy in all cases. Liver hemangioma was diagnosed
by contrast-enhanced CT and/or MR imaging. The US
equipment used in this study was SSA-770A (Aplio™XYV;
Toshiba Medical Systems Co., Otawara, Japan). The imag-
ing mode was wideband harmonic imaging (commercially
called Pulse subtraction) with transmission and reception
frequencies of 3.75 MHz and 7.5 MHz, respectively. The
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contrast agent we used was SonoVue, which consists of
sulfur hexafluoride microbubbles surrounded by phos-
pholipids with a median diameter of 2.5 pm.

Computerized scheme for classification of FLLs

A series of image-processing steps in CAD, which basi-
cally consisted of three major parts, were as follows: (1)
image data input and construction of processed images; (2)
extraction of image feature values; and (3) application of
ANNSs and output for differental diagnosis. Please note
that we simplified into three major steps (although six
major steps were described in the referenced paper™ ).

Image data input and construction of processed im-
ages: After irrelevant information, such as patient names,
IDs, and other symbols, was removed from the cine clips
in the audio-video interleaving format as the input data,
only continuous MFI images were reconstructed, and then
four kinds of processed images were constructed. Figure
3A-H shows examples of the processed images. Image
feature values were determined by use of the MFI image
and the four processed images, and were used as input
data for the CAD.

Extraction of image feature values: The image feature
value is defined as the objective value by computer anal-
ysis of the subjective criteria that are used for diagnosing
an FLL accurately in clinical practice, such as quick (slow)
contrast-enhancement of an FLL, stronger (weaker)
contrast enhancement of an FLL compared with liver
parenchyma, and homogeneous (heterogeneous) con-
trast-enhancement of an FLL. For example, with regard
to the speed of contrast enhancement, changes in aver-
age pixel values in an FLL are plotted against the time
axis, and the slope (B value) is calculated. The steeper
the slope, the faster the speed of contrast enhancement
would be. Similarly, the maximum level of the average
pixel value is compared between an FLL and a liver pa-
renchyma for determining which region showed stronger
contrast enhancement.

In this study, four kinds of major image feature val-
ues were used as CAD input data. Their image character-
istics were as follows: (1) temporal feature; (2) morpho-
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Delayed-enhancement regions

G

Hypoechoic region
at the early phase

Figure 3 Extraction of morphologic and gray-levef image features. A: Criginal MF| image at the early phase including one FLL {shown as the contour) and a portal
vein; B: Vessel-ike pattem enhanced image; C: Segmented adjacent liver parenchyma regions obtained from the original MFI image; D: Skeleton of vessel-like pattem
enhanced image for estimating the average size of vesselfike patterns on the MFI image; Example of original MF! image at the delayed phase (E) and its segmented
images for hyperechaic regions at the early (G) and delayed phase (H). The difference in the regions between two images at two phases was defined as delayed-
enhancement region (F). Please note that we defined an “early phase” and a "delayed phase” in the MFI as a replenishment time for reaching 50% and 98% of the
maximum average pixel value within a FLL, respectively. MF1: Micro-flow imaging. Reproduced, with modification, from Shiraishi ef af™®, Med Phys 2008; 35: 1734-1746.

logic feature; (3) gray-level feature; and (4) features for a TIC, such as replenishment time, the peak pixel value,
hypoechoic region. The details are shown in Table 3. and the slope factor (B). In CEUS, for example, a hem-
Feature 1 is an image feature value obtained from angioma is characterized by a typical pattern, namely, a
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Image feature values

Temporal features
Replenishment time (s)
Peak pixel value
Slope factor (B)
Morphologic features
Effective diameter of focal liver lesion
Average size of vessel-like patterns
Area ratio of vessel-like patterns
Gray-level features
Average pixel value with vessel-like patterns
Average pixel value without vessel-like patterns
Standard deviation of pixel value with vessel-like patterns
Standard deviation of pixel value without vessel-like patterns
Average pixel value ratio (focal liver lesion/adjacent liver parenchyma)
Average pixel value ratio (central/ peripheral)
Features for hypoechoic region
Average pixel value
No. of hypoechoic regions
Area ratio of hypoechoic region
Difference in pixel value (delay-early)
Change in pixel value (delay-early)/s

Reproduced, with modification, from Shixaishi ef al'™, Med Phys 2008; 35:
1734-1746.

petipheral globular enhancement with centripetal filling,
whereas FICC and metastatic liver tumor are character-
ized by rapid contrast enhancement in an arterial phase.
Use of the temporal feature as an image feature value,
therefore, may be useful for differentiation of FLLs with
different speeds of blood flow:

Feature 2 is an image feature value representing the
morphologic characteristics of FLILs and intratumoral
blood vessels, such as the effective diameter of an FLL,
the average size of vessel-like patterns and the area ratio
of vessel-like patterns. It has been reported that HCC
with a larger tumor diameter exhibits poorer histological
differentiation (i.e. higher percentages of p-HCC)"™, and
thus the effective diameter of an FLL may be useful for
diagnosis of histological grades of HCC. In addition,
previous reports showed that the intratumoral vascula-
ture visualized by MFI was dependent on the histological
grade of HCC™". Thus, use of the morphologic image
feature values obtained from the vessel-like pattern and
the skeleton of a vessel-like pattern image may be useful
for diagnosis of the histologic grade of HCC.

Feature 3 is an image feature value that represents
tumor enhancement patterns, such as stronger contrast
enhancement at the periphery of the tumor than at the
center and at the tumor compared to the liver paren-
chyma. It has been reported that metastatic liver tumors
often exhibit ring-like enhancement, and thus use of this
tmage feature value may be useful for diagnosis of tu-
mors with different contrast enhancement patterns.

Feature 4 is an image feature value that represents
intratumoral heterogeneity in contrast enhancement. For
example, spatial and temporal heterogeneity of a tumor
in contrast enhancement can be evaluated by comparison

* ‘.l
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Image feature values used in this study ;—»i DN1: Hypoechoic region?

DN3: Hyper-vascularity
hemangioma?

DN2: Hypo-vascularity
hemangioma?

![ p-HCC E Lw—HCC § ! m-HCC E { ;l;k-a;tasis Hﬂemangioma{

— Yes No

Figure 4 lliustration of the cascade of six artificial neural networks used
in this. Six decisions in which alternative choices for specific groups of FLLs
were determined by single ANN, leading a final diagnostic decision for five liver
diseases.

of hypoechoic areas (no enhanced areas) between the
MFT eatly-phase image and the MFI delayed-phase im-
age. It has been reported that metastatic liver tumors and
p-HCC often exhibit heterogeneous enhancement when
compared with other liver tumors™™ and thus these im-
age features may be useful for the differentiation of these
tumors.

In order to select appropriate combinations of tem-
poral and morphologic image featutes for each of the six
ANNSs, we used a stepwise method™. We thereby selected
16 temporal and morphologic image features, which were
selected from 43 initial extracted features, and used them
as input data for the six different ANNs for making deci-
sions at each decision step in the cascade.

Application of ANNSs and output for differential di-
agnosis: In the CAD, image feature values extracted
from MFI images were used for input data for ANNs.
We used parameters in the ANNSs to learn the relation-
ship between the repeated presentation of input data in
random order and their corresponding output “teacher”
data. Our ANNs were constructed with the stratified six
different ANNSs in order to classify “unknown” FLL in-
put into one of five types of liver diseases (e.g w-HCC,
m-HCC, p-HCC, liver metastasis and liver hemangioma).

All decisions in each of the stratified six different
ANNS, shown in Figure 4, were determined using a two-
alternative choice. The six decisions used in the six ANNs
were determined as follows: (1) ID1: Does this lesion have
hypoechoic regions (yes) or not (no)? (2) D2: Is this le-
sion a hypovascular hemangioma (yes) or a hypovascular-
ity metastasis (no)? (3) D3: Is this lesion a hypervascular
hemangioma (yes) or other (no)? (4) D4: Is this lesion a
p-HCC (yes) or other (no)? (5) D5: Is this lesion 2 w-HCC
(yes) or other (no)? and (6) D6: Is this lesion 2 m-HCC (yes)
or a hypervascular metastasis (no)?

A set of image feature values was selected for each
ANN, and learning processes and tests were carried out
independently. In learning and testing tasks with ANNg,
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Lesion n Classification with CAD
HCC Metastasis Hemangioma

w-HCC m-HCC p-HCC
Total 103
w-HCC 24 19 (79.2) 1(d.2) 2(83) 2(83) 0(0.0)
m-HCC 28 5(17.9) 14 (50.0) 4(143) 3(107) 2(7)
P-HCC 9 1(111) 0(0.0) 7 (77.8) 1(11.1) 0 (0.0)
Metastasis 26 2(7.7) 1(3.8) 0(0.0) 23 (88.5) 0(0.0)
Hemangioma 16 0(0.0) 0(0.0) 0(0.0) 1(6.3) 15 (93.8)

Overall diagnostic accuracy: 78/103 (75.7%). CAD performance was evaluated by a leave-one-case-out methods.Reproduced, with

modification, from Shiraishi ef al™, Med Phys 2008; 35: 1734-1746.

the leave-one-out test method was employed in individual
ANNs.

The classification accuracies for each type of FLL and
also for all 103 FLLs were determined with percentages
(%) of correctly classified cases among the total number
of cases.

CAD results

Table 4 shows the performance of the computerized
scheme for the classification of five types of FLLs (w-
HCCs, m-HCCs, p-HCCs, metastases and hemangiomas).
The classification accuracies for the 103 FLLs were 88.5%
for metastasis, 93.8% for hemangioma, 79.2% for w-HCC,
50.0% for m-HCC and 77.8% for p-HCC. When the clas-
sification was done for three types of FLLs (HCCs, me-
tastasis and hemangioma), the classification accuracies for
all HCCs was 86.9%. The average classification accuracies
for three and five types of FLLs were 88.3% and 75.7%,
respectively.

PRACTICAL ISSUES IN CAD AND
PERSPECTIVES FOR THE FUTURE

In general, a reliable image database is indispensable for
research and development of CAD. In particular, an ap-
propriate number of clinical cases should be used, and
attention must be paid to the detection and/or charac-
terization of lesions contained in the images and to the
degrees of diagnostic difficulty. For development of a
CAI scheme that will become available for clinical ap-
plication, cases in the database should include various
degrees of difficulty in diagnosis, from relatively easy to
markedly difficult. Furthermore, the liver is the largest
organ in the human body and part of the liver is pro-
tected by ribs. Unlike CT and MR imaging, it is therefore
difficult to scan the whole liver by US™. In addition,
US scanning can be difficult in cases of severe obesity.
These factors seem to interfere with US on the liver, and
also CAD for US on the liver.

One of the most critical components for research on
CAD is software development. To this end, program-
ming technology, image processing and knowledge of
information processing are required. In general, however,

Tag

Jeishideng”  WIR | www.wjgnet.com

221

physicians have insufficient knowledge of these skills, and
thus close collaboration with physicists is required. On
the other hand, it is difficult for software to be developed
by physicists alone, because they have insufficient medi-
cal knowledge about diagnosis and detection. Therefore,
close collaboration with physicians is also necessary.

As a characteristic of CAD, it would be useful if
CAD could detect and/or characterize lesions that phy-
sicians are likely to overlook and/or misdiagnose, even
if the performance of CAD is not highly accurate; and
conversely, CADD would not be useful if physicians do
not believe the results even when correct. Thus, once
the algorithm of CAD is developed, its objective evalua-
tion is necessary. To date, however, no paper on CAD in
the liver has included an objective evaluation of the per-
formance of CAD. An observer performance study is a
representative evaluation method; observers are required
to carry out evaluations under two conditons, with and
without the results of computer analysis. Receiver oper-
ating characteristic curves can then be obtained based on
the results for evaluation of the performance of CAD.

In addition, when the results of evaluation are sat-
isfactory, based on the database in the laboratory, it is
necessary to carry out practical tests on a number of un-
explored clinical cases as the next step. It is also neces-
sary to develop a practical CAD prototype system and to
install it in the wotkplace in the hospital for a prospec-
tive clinical trial. To this end, cooperation by the hospital
and physicians would be required for reliable evaluation.

Eventually, to reap the advantages of CAD, commet-
cialization by companies is required. When equipment,
systems and software applicable for clinical practice be-
come available commercially, they can be used in hospi-
tals worldwide.

CONCLUSION

In this article, we provided an overview of CAD based
on US in the liver. Moreover, we introduced two differ-
ent types of CAD schemes with CEUS images aimed at
the differential diagnosis of FLLs.

The performance of our CAD system for the clas-
sification of FLLs could be considered as comparable to
those reported by Wilson ef a/”. Although their report
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was not on results of CAD, their algorithm used subjec-
tive assessment of physicians for information on portal
venous enhancement for the distinction between benign
and malignant FI.Ls, and their results indicated a high
classification accuracy (l.e. 92% for benign and 93% for
malignant FLLs).

As shown in this article, the diagnostic accuracies of
CAD based on the results of physicians’ subjective pat-
tern classification could be considered as comparable to
those of CAD based on a computerized scheme. Inter-
estingly, the former CAD was, however, superior to the
latter in the diagnosis of three types of FLLs (i.e. HCCs,
metastasis, and hemangioma; 94.2% z5 88.3%). In con-
trast, the latter was superior to the former in the diagno-
sis of five types of FLLs (w-HCCs, m-HCCs, p-HCCs,
metastases and hemangiomas; 75.7% us 71.5%). These
results suggest that human observers might differ in
determining feature values from a computer in the diag-
nosis of FLLs. Thus, if we take advantage of computer
outputs, diagnostic accuracy could be greatly improved.

In our present studies, to establish CAD for FLLs, we
used temporal and morphologic features, including physi-
cians’ subjective pattern classifications, as image features
of FLLs on the contrast-enhancement patterns in the
arterial phase of CEUS. However, we did not use findings
from portal and late phases (i.e. the presence or absence of
washout) as image features of our CADs. That is because,
as it is now, it is difficult to recognize automatically all of
the data in a dynamic-imaging series for input data because
of the problem of the timing of patient breath holding

Our CAD results showed that the accuracy of m-HCC
in both CADs was quite low (subjective analysis: 41.7%
and quantitative analysis: 50.0%). This can be related to
the fact that we did not use portal and late phase images
as input data of CADs, because both w-HCC and m-HCC
frequently show arterial enhancement in the same fash-
ion. It is a principal limitation of our CADs. Thus, if our
CAD schemes would have pottal and late phase informa-
tion, the performance of our CADs would be much more
improved. Our future work should be to recognize hole
ultrasonographic image data (Le. wash-in and wash-out in-
formation) automatically as input data to the CAD system.

The other limitation is that focal nodular hyperplasia
(FNH) and hepatocellular adenoma were not included
in these studies. Both FNH and hepatic adenoma tend
to have FLLs presenting a hypervascular pattern in the
arterial phase, and it can be difficult to distinguish from
HCC, liver metastasis, and hemangioma. However, Kim
et al'® reported that monitoring the direction of early ar-
terial filling or the vascular morphology continuously by
CEUS enable one to differentiate, to some extent, among
FLLs with hypervascularity, including FNH, heman-
gioma, HCCs, or metastases. However, hepatic adenoma
lacks characteristic features even with CEUS, and differ-
entiation of hepatic adenoma from other plethoric FLLs
has been reported to be difficult. Hepatocellular adenoma
is rare tumor, and therefore it seems extremely rare for
this tumor to become a subject of differential diagnosis.
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Technical Note

Effect of GA-EOB-DTPA on T2-Weighted and
Diffusion-Weighted Images for the Diagnosis of

Hepatocellular Carcinoma

Kazuhiro Saito, MD,** Yoichi Araki, RT,! Jinho Park, MD,' Ryo Metoki, MD,?
Hiroaki Katsuyama, RT,' Ryota Nishio, MD," Dai Kakizaki, MD,"
Fuminori Moriyasu, MD,? and Koichi Tokuuye, MD'

Purpase: To evaluate the effect of gadolimium ethoxyben-
zy! diethylenetriamine pentaacetic acid {(Gd-EOB-DTPA}
on T2-weighted imaging (T2WI) and diffusion-weighted
imaging (DWI) for the diagnosis of hepatocellular carci-
noma {HCC).

Materials and Methods: The phantom signal intensity
was measured. We also evaluated 72 patients including
30 patients with HCC. T2WI and DWI were obtained
before and then 4 and 20 min after injecting the contrast
medium. The signal to noise ratio (SNR}. contrast to noise
ratio (CNR), and apparent diffusion coefficient (ADC) were
calculated in the tumor and liver parenchyma,

Results: The phantom signal intensity increased on T2WI
at a concentration of confrast medium less than 0.2
mmol/L but decreased when the concentration exceeded
0.4 mmol/L. SNR of the liver parenchyma on T2WI was
significantly different between before and 4 min after
injecting the contrast medium, while there were no signifi-
cant differences between before and 4 and 20 min after
injection. On T2W1, SNR, and CNR of HCC showed no sig-
nificant differences at any time. SNR, CNR, and ADC of
the liver parenchyma and tumor on DWI also showed no
significant differences at any time.

Coaclusion: It is acceptable to perform T2W1 and DWI af-
ter injection of Gd-EOB-DTPA for the diagnosis of HCC.

Key Words: Gd-EOB-DTPA; Primovist; hepatoceilular car-
cinoma; [2-weighted image; diffusion-weighted image
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trast medium. It enables dynamic studies with a bolus
injection similar to a nonspecific extracellular contrast
medium (1,2). This contrast medium accumulates in he-
patocytes and is excreted into the bile; therefore, there
is a T1 shortening effect in the liver parenchyma. The
hepatobiliary phase begins 1.5 min after injecting the
contrast medium and continues for 2 h. and the peak
liver signal intensity is obtained 20 min afier injecting
the contrast medium (2}. In general, the contrast me-
dium accumulates only slightly in the tumor, and hence,
the tumor is depicted as a hypointense image compared
with the surrounding liver parenchyma at 20 min after
injection (3). Therefore, it is essential to wait for 20 min
after administering the injection for lver parenchymal
enhancement {2.4). However, a 20-min wait causes
throughput decline. f T2-weighted images (T2WI) and
diffusion-weighted images (DWI} could be performed
within the initial 20 min, the examination time can be
shortened and throughput can be improved (5).

The effect of a nonspecific extracellular contrast me-
dium on T2WI is reportedly small (6,7); however, there
are few reports concerning Gd-EOB-DTPA {8). Recently.
the usefulness of DWI has been reported for both detec-
tion of liver tumors and evaluation of therapeutic out-
comes (9,10). The effect of a nonspecific extracellular
contrast medium on DW] has also been reported to be
smali {11). However. there are no reports on the effects
of Gd-EOB-DTPA. Thus. we evaluated the effects of Gd-
EOB-DTPA on both T2WI and DWI by conducting
phantom and clinical studies in patients with and with-
out hepatoceliular carcinoma (HCC).

MATERIALS AND METHODS

Images were acquired using an Avanto 1.5 Tesla (T}
super conduction system (Siemens, Erlangen, Germany)
and an eight-channel phased-array body matrix coil
The maximum gradient strength was 45 T/m.

Phantom Study

Different concentrations of Primovist in water were
placed in the phantom and T2WI and DWI were
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performed using the parameters that are used clini-
cally. The diluted concentrations were 0.05, 0.1, 0.2,
0.4, 0.6, 0.8. 1.0. and 2.0 mmol/L. The T2WI parame-
ters were as follows: repetition time/echo tiime (TR/
TE). 3600/99 ms: flip angle. 150; 1 averaging: ma-
trix. 256 x 75%; echo train length. 29; slice thick-
ness, 6 moy slice gap. 1.2 mm: acquisition time, 14 s.
The DWI parameters were as follows: TR/TE. 1600/
66 ms; flip angle, 150°: 2 averaging: matrix, 128 x
100%; echo train length, 29: slice thickness, 6 mmy;
slice gap, 1.2 mm; acquisition time, 24 seconds: b val-
ues. 100 and 800. The signal intensity of each phan-
tom was rmeasured.

Clinical Evaluation
Subjects

We studied 90 consecutive patients during a 6-month
period (April 2008-September 2008). Primovist-
enhanced MRI was used {0 evaluate their liver lesions.
Exclusion criteria were cases of instability during
breathholding, interruption of examination due to
machine trouble, nausea, and difficulty in measuring
signal intensity in the normal liver parenchyma
because of replacement by large/many tumors or por-
tal invasion. Finally, 72 patients were chosen for this
study. Our insttutional review board approved this
prospective  study. and informed consent was
obtained from all patients. The subjects consisted of
44 men and 28 women. Their mean age was 67.3 *
11.0 years (mean =* standard deviation). In 59
patients, chronic liver damage was due to type-B (n =
7). type-C (n = 44}, or type-B and C {n = 1} hepatitis;
alcoholic hepatitis (n = 4); primary biliary cirrhosis
n = 1); and unknown reason {(n = 2}, whereas 13
patients had no chronic liver disease. Two patients
with chronic type-C hepatitis also had {atty liver. The
series included 30 patients with HCC. In patients hav-
ing more than one lesion. we chose the largest lesion
to study. The mean tumor size was 20.8 * 9.4 mm.
There were 16 pathologically proven lesions (14
through biopsies and 2 by means of operations), and
the remaining 14 were diagnosed by imaging. The
pathologically proven lesions included 4 well-differen-
tiated. 7 moderately differentiated, and 5 poorly dif-
ferentiated HCCs. The criteria for HCC diagnosis by
imaging were a tumor stain in the arterial phase.
hypodensity or hypointensity in the equilibrium phase
on dynamic computed tomography (CT) or MRI, and a
lesion diameter of over 10 mm with an increased
a-fetoprotein level {12}.

We also performed angiography-assisted CT. and
the findings of these lesions were a tumor stain on CT
hepatic arteriography and a perfusion delect on CT
during arterioportography (13).

Imaging

T1l-weighted images (T1WI included in-phase and
opposed-phase images: T2WI and DWI were obtained
before injecting Primovist. The T1WI parameters (in-
phase and opposed-phase) were as follows: TR/TE,
120/4.76, 2.38 ms: flip angle, 75 1 averaging: ma-

Saito et al.

trix, 266 x 140%: PAT factor. 2; slice thickness, 6
mm: slice gap, 1.2 mm: acquisition time, 13 s. Pri-
movist (0.025 pmol/kg) was injected by means of the
antecubital vein at 2 or 3 inl/s followed by 20 mL of
physiological saline. The dynamic study included the
arterial phase, portal phase. and 4 min after injection
of the contrast medium. A three-dimensional volumet-
ric interpolated breathhold examination (3D-VIBE)
was performed along with the dynamic study. The
3D-VIBE parameters were as follows: TR/TE, 4.28/
1.78 ms; flip angle. 15%; matrix. 256 x 85%: PAT fac-
tor, 2: slice thickness. 3 mm: acquisition time, 20 s.
T2WI and DWI were performed immediately after the
dynamic study. The hepatobillary phase was obtained
20 min alter injecting the contrast medium with 3D-
VIBE. and T2WI and DWI were performed again im-
mediately after obtaining the hepatobiliary phase. The
patients wore the receiving coil throughout the exami-
nation. The breathhold method was adopted for T2WI
and DWI. The parameters for this examination were
the same as those of the phantomn study.

Quantitative Analysis

The regions of interest (ROI) to measure signal inten-
sity were the liver parenchyma and tumor. Liver pa-
renchyma signal intensity was measured three times
at different points on the right lobe (avoiding vascula-
ture) and their average was obtained. Tumor signal
intensity was measured once, and the ROI was set to
contain as much of the lesion as possible. In this
study. none ol the tumors included a necrotic area.
Signal intensity measurement was performed by a
radiologist {with 9 years ol experience} whose spe-
cialty was abdominal imaging. The measurement was
performed on the same region for each imaging proce-
dure with reference to the anatomical structure.

The signal to noise ratio (SNR}, contrast to noise ra-
tio (CNR). and apparent diffusion coeflicient (ADC) ol
the liver parenchyma and tumor before and 4 and 20
min after injection of the contrast medium were calcu-
lated using the following formula: SNR (liver) = signal
intensity of liver parenchyma/standard deviation of
the background noise. SNR (tumor) == signal intensity
of tumor/standard deviation of tumor. CNR = (signal
intensity ol tumor - signal intensity of liver paren-
chyma)/standard deviation of the background noise.
ADC = log [SI (b1)/SI (b2)]/[(b2) ~ (b1)]. where bl:
100: b2: 800; SI {bl): signal intensity of b = 100: SI
(b2): signal intensity of b == 800. The presence of a sig-
nificant change in SNR and ADC values of the liver
and HCC and CNR were evaluated. CNR was eval-
uated in all types of differentiated tumors.

Qualitative Analysis

Thirty HCC samples were qualitatively evaluated by
three observers. Two observers were experienced radi-
ologists (with 16 and 18 years of experience}, and the
third one was a physician whose specialty was liver
imaging (with 9 years of experience). The coordinator
saved each HCC image in the computer. They dis-
played the same image slice level in the hepatobiliary
phase, T2WI, and DWI at the same time on a monitor.
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Figare 1. The graph shows signal intensity and ADC values
of the phantom with various concentrations of Primovist. T2
relaxation was observed at concentrations of 0.2 mmol/L,
and T2-weighted image signal intensity decreased at concen-
trations >0.4 mmol/L. The changes in ADC values were
small regardless of concentration.

We used the DWI with b factor = 800. The T2WI and
DWI had the same delay time and were displayed to-
gether. The coordinator indicated the lesion with an
arrow on the hepatobiliary phase image. In ail, 90
sets of images were selected at random, and three
observers evaluated each image independently, classt-
fying them into four categories: 1, no depiction: 2.
possible depiction; 3, usual depiction; 4, clear depic-
tion (equal to spleen). Each observer was aware of the
presence of an HCC lesion on the image.

Statistical Analysis

We used a repeated-measures analysis of variance
(ANOVA) for quantitative analysis. Qualitative analysis
was performed using the Freidman test. A P value of
less than 0.05 indicated a statistically significant dif-
ference. Interobserver variability was evaluated using
the kappa value to measure the degree of agreement.
A kappa value of 0.2 or less was regarded as slight
agreement, 0.21 to 0.40 as fair, 0.41 to 0.60 as mod-
erate, 0.61 to 0.80 as substantial, and 0.81 or more
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Figure 2. SNR of the liver and HCC. A significant difference
is observed between the SNR of the liver on the In precon-
trast T2-weighted image and 4 min after contrast-enhanced
T2-weighted tmage.
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Figure 3. There was no significant difference in CNR
between pre- and postenhanced T2-weighted images.

as almost perfect. Stalistical analysis was performed
using SPSS version 16.0 for Windows.

RESULTS
Phantom Study

The results of the phantom study are shown in Fig-
ure 1. The phantom signal intensity increased on
T2WI at a concentration of contrast mediumn less than
0.2 mmol/L but decreased when the concentration
exceeded 0.4 mmol/L. The change in ADC value was
slight on DWI regardless of the concentration of con-
trast medium.

Clinical Evaluation
Quantitative Analysis

SNRs of the liver parenchyma were 71.0, 78.4, and
58.3 on T2WI1 before and 4 and 20 min after injecting
the contrast medium, respectively. There were signifi-
cant differences between before and 4 min after the
injection of contrast medium (P « 0.05}. SNRs of
HCCs were 71.1, 74.2, and 74.8 on T2WI before and
4 and 20 min after injecting the contrast medium.
respectively, There were no significant differences at
any time (P > 0.05) (Fig. 2). CNR of the HCC were
11.2, 12.8, and 13.1 before and 4 and 20 min after
injecting the contrast medium, respectively. There
were no significant differences at any time (P > 0.05)
(Fig. 3). CNR of each differentiated HCC were as fol-
lows: well-differentiated. —24.6, —0.3. and 6.1: mod-
erately differentiated, 7.7, 9.6, and 5.5; poorly differ-
entiated, 28.7, 23.3. and 28.0 before and 4 and 20
min after Injecting the contrast medium, respectively
(Fig. 3). CNR of well-differentiated HCC tended to
increase, but no significant difference between before
and after enhancement for all differentiated HCC was
observed.

SNRs of the liver parenchyma on DWI with b = 100
were 107.7, 115.3, and 107.7 before and 4 and 20
min alter injecting the contrast medium, respectively.
and those of b = 800 were 57.1, 58.9, and 58.4.
respectively. There were no significant differences
between before and after enhancement (P > 0.05).
SNRs of HCC on DWI with b = 100 were 140.1,
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Figure 4. There was no significant difference in SNR of the
liver and HCC between pre- and postenhanced diffusion-
weighted images.

153.7, and 143.2 before and 4 and 20 min after
injecting the contrast medium, respectively. and those
of b = 800 were 72.1, 73.7, and 71.8, respectively.
SNRs of HCC for both b values showed no significant
differences between before and after enhancement
{P > 0.05) (Fig. 4). CNRs of HCC on DWI with b = 100
were 32.4. 38.4., and 35.5 before and 4 and 20 min af-
ter injection of contrast medium, respectively, and
those with b = 800 were 13.4, 14.8, and 13.4. respec-
tively. Thus, CNR showed no significant difference
between before and after enhancement (P > 0.05) {Fig.
5). CNR of each differentiated HCC on DWI with b =
100 were as follows: well-differentiated. 53.0, 76.0,
and 72.9; moderately differentiated, 32.0, 39.0, and
39.0; and poorly differentiated, 61.6, 61.9, and 58.9
before and 4 and 20 min after injecting the contrast
medium, respectively, and those with b = 800 were as
follows: well-differentiated, 26.8, 29.6. and 24.2; mod-
erately differentiated, 19.6, 18.1, and 21.3; and poorly
differentiated, 31.6. 32.0, and 27.6, respectively (Fig.
5). There was no significant difference in CNR between
before and after enhancement for all differentiated
HCCs.
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Figure 5. There was no significant difference in CNR
between pre- and postenhanced diffusion-weighted images.
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Figure 6. ADC values for the liver and HCC were not signifi-
cantly different between pre- and postenhanced diffusion-

weighted images.

ADC values of liver parenchyma were 95.5, 97.3,
and 95.1 before and 4 and 20 min after injecting the
contrast medium, and there was no significant differ-
ence between before and after contrast enhancement
{P > 0.05}). The ADC values of HCC were 114.7, 110.0,
and 102.6 before and at 4 and 20 min after injecting
the contrast medium, respectively, and no significant
differences were found (P > 0.05) (Fig. 6].

Qudlitative Analysis

There were no stgnificant differences in the qualitative
evaluation between the observers before and after
contrast enhancement for both T2WI and DWI (P >
0.08) (Fig. 7). There were also no significant differen-
ces in the qualitative evaluation between the observ-
ers for each differentiated HCC on T2WI and DWI.

Interobserver variability is shown in Tables 1 and 2.
There was fair or moderate agreement between
observers 1 and 2 and observers 1 and 3 for T2WI.
Moderate to almost perfect agreement was obtained
between observers 2 and 3 for T2WI. Between observ-
ers 2 and 3. better agreement was obtained 4 and 20
min after injection than on plain T2WI. There was no
change in the interobserver variability at any time pe-
riod for DWI,

DISCUSSION

In the phantom study. signal intensity increased on
T2WI at a concentration of contrast medium less than
0.2 mmol/L but decreased when the concentration
exceeded 0.4 mmol/L. The contrast medium recircu-
lated and accumulated into hepatocytes; therefore, its
concentration in liver parenchyma was higher at 20
min after injecting the contrast medium compared
with that after 4 min. The reason for increased liver
parenchyma signal intensity at 4 min after injecting
the contrast medium on T2WI was that the concentra-
tion in liver parenchyma was lower at 4 min than at
20 min after injection. Considering the extremely low
accumulation in liver tumors (14). the liver tumor
concentration was assumed to be less than 0.05
mmol/L, which was the minimum concentration for
phantom study. Therefore, it is likely that the contrast
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Figure 7. A 79-year-old man with HCC. The difference in conspicuity between pre- and postenhanced images was not that
significant. a: Pre-enhanced T2-weighted image. b: Postenhanced T2-weighted image (after 4 min). ¢: Postenhanced T2-
weighted image (after 20 min). d: Prediffusion-weighted image. e: Postenhanced diffusion-weighted image (after 4 min).

f: Postenhanced diffusion-weighted image (after 20 min).

medium concentration increased only slightly, such
that there was no significant difference in SNR of the
tumor. This suggests that T2WI would show stable
imaging features in liver parenchyma after an
increase in the contrast medium concentration.

Brody et al reported the effect of Gd-EOB-DTPA on
T2WI in liver parenchyma and found only a slight sig-
nal change (7). They reported about hemangiomas;
the signal intensity of hemangiomas showed a tend-
ency to increase, but there was no significant differ-
ence. In the present study, we reported about HCCs
and found that there was no significant difference
between before and after contrast enhancement. The
visual assessment by all three observers also showed
no significant difference; therefore, we thought that
T2WI should be performed after injecting the contrast
medium.

CNR of well-differentiated HCCs on T2WI tended to
increase, but no significant difference was observed,
indicating that the contrast medium accumulated in
the tumor. Some well-differentiated HCCs show hypo-
intensity on T2WI (15). When contrast medium accu-
mulates in the hypointense lesion. the lesion signal
increases. Therefore, hypointense lesions could have
been obscured on T2WI. The present study included

Table 1
Interobserver Agreement Among Three Observers {(Kappa Values)
for T2-Weighted images

only one lesion type that showed hypointensity on
T2WI, and hence further study is required.

Although the effect of Gd-DTPA on DWI has been
reported, we could not find any report about the effect
of Gd-EOB-DTPA on DWI (10). Gd-DTPA decreases
the perfusion effect due to the intravascular contrast
medium (16). The ADC value tended to decrease. but
there was no statistically significant difference (10). In
the present study, we did not find any statistically sig-
nificant differences in ADC values using Gd-EOB-
DTPA. Our phantom study also showed no significant
changes in ADC values and the concentration of con-
trast medium had little effect. The changes in b = 800
signal intensity images were slight but that for b =
100 were great, which indicates that the influence of
T2 relaxation was strong. This result shows that DWI
can be performed soon after injecting the contrast
medium.

It is necessary to differentially diagnose hemangi-
omas. hyperplastic lesions, and HCC in patients with
chronic liver damage and cirrhosis. Because there is
only a slight effect of contrast medium on hemangi-
omas (7), differential diagnosis of a hemangioma from
HCC should not be difficult; however, further studies
are required for hyperplastic lesions.

Table 2
Interobserver Agreement Among Three Observers (Kappa Values)
for Diffusion-Weighted Images

Plain After 4 min After 20 min Plain After 4 min After 20 min
Observer 1 vs 2 0.40 0.36 0.41 Observer 1 vs 2 0.52 0.48 0.41
Observer 2 vs 3 0.59 0.87 0.73 Observer 2 vs 3 0.69 0.65 0.70
Observer 3 vs 1 0.48 0.33 0.48 Observer 3vs 1 0.37 0.30 0.24
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There are several limitations to the present study.
First, T2WI without fat suppression was used. which
may have influenced CNR in the fatty liver cases.
However. because only 2 patients had a fatty liver in
the present study, we think the influence was small.
Second, we did not consider the degree of liver dam-
age and fibrosis. Severe liver damage and fibrosis may
cause poor liver parenchymal enhancement and
delayed optimal liver parenchymal enhancement (17}.
Therefore, these factors have the potential to influence
T2WI and DWI intensity after enhancement. Finally,
there were few histologically confirmed and small-
sized lesions (<10 mm).

In conclusion, there were no significant differences
in CNR and SNR of HCC before and after dynamic Gd-
EOB-DTPA administration or during the hepatobiliary
phase compared with background liver, which has a
lower signal intensity during hepatobillary phase
imaging.
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Abstract

Purpose: The objective of this study was to investigate the contrast-enhanced ultrasound (CEUS) imaging features of focal liver lesions
(FLLs) in fatty liver. Methed: One hundred FLLs in 98 patients with fatty liver were evaluated with real-time CEUS. Resuits: All malignant
FLLs showed hyperenhancement in arterial phase and contrast washout in portal and late phases. Among the FLLs, 3.3% of hemangiomas,
12.5% of focal nodular hyperplasias (FNHs), and 2.5% of focal fatty sparing lesions showed contrast washout in the late phase. The
sensitivity and specificity for the characterization of hepatocellular carcinoma, metastasis, hemangioma, FNH, and focal fatty sparing lesions
were 100% and 95.6%, 60% and 100%, 93.3% and 98.6%, 87.5% and 97.8%, and 92.6% and 100%, respectively. Conclusions: Correct

characterization of FLLs in fatty liver by CEUS is possible based on their typical enhancement patterns.

© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Real-time contrast-enhanced ultrasound (CEUS) using
second-generation ultrasound contrast agents (UCAs) has
been widely used as a noninvasive modality for the detection
and characterization of focal liver lesions (FLLs) in clinical
practice. The enhancement patterns of difterent kinds of
FLLs on CEUS have been well described in normal liver
parenchyma, and the CEUS diagnostic performance of FLLs
in normal liver parenchyma has greatly improved compared
with conventional gray-scale ultrasound, with 85--96%
overall accuracy in differentiating malignant FLLs from
benign ones and 81-88.5% overall accuracy in characteriz-
ing specific FLLs [1-5].
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First Affiliated Hospital of Sun Yat-Sen University, 58 Zhongshan Road 2,
Guangzhou 510080, People’s Republic of China. Tel.: +86 20 87765183,
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FLLs in diffuse liver disease such as liver cirrhosis or
steatosts are very common in clinical practice. The presence
of diffuse liver disease usually makes the appearance of
FLLs on baseline gray-scale ultrasound unspecific and
greatly increases the difficulty of characterization [6,7].
The CEUS imaging findings and diagnostic performance of
FLLs in diffuse liver disease have been rarely reported in
large scale at the present time [8§~11].

This case series report describes our experience using
real-time CEUS with a sulfur hexafluoride (SF6)-filled
microbubble UCA in evaluating patients with a variety of
FLLs in fatty liver.

2. Materials and methods
2.1. Patients

We retrospectively reviewed the results of conventional
and CEUS examinations of 98 patients with FLLs and fatty

—272—



212 ' G.-J. Liu et al. / Clinical Imaging 34 (2016} 211-221

liver who were admitted to our hospital between March 2004
and October 2006. The inclusion criteria were as follows: (a)
fatty liver background confirmed by typical imaging
findings; (b) number of FLLs less than 5; (¢} no previously
treated lesion; (d) no simple cystic lesion; and (e) diagnosis
of FLLs confirmed by histopathology or clinical criteria.
There were 59 men and 39 women aged 47.9£13.0
{meanzS.D.) years (range, 20--76 years).

“Among these 98 patients, 82 had solitary lesions, 11 had
two lesions, and 5 had multiple lesions. Only the most
identifiable lesion on baseline gray-scale ultrasound was
selected for evaluation with CEUS when a patient had two or
multiple lesions. One hepatocellular carcinoma {HCC)
patient suffered from twice-distant recurrence after radio-
frequency ablation with at least 1-month interval. Thus, a
total of 100 FLLs were evaluated in this study. The maximal
diameter of the lesions ranged from 1.0 to 11.6 ¢m (mean,
3.1%1.9 ¢m), and the depth from the bottom of the lesion to
the abdominal wall ranged from 3.5 to 15.0 cm (mean,
6.4=2.3 cm). The final diagnoses were malignant in 17 FLLs
and benign in 83 FLLs, including 10 HCCs, 5 metastatic
liver cancers (MLCs), 2 intrahepatic cholangiocarcinomas
(ICCs), 30 hemangiomas, 8 focal nodular hyperplasias
(FNHs), 42 focal fatty sparing lesions, 2 liver abscesses,
and 1 solitary necrotic nodule (SNN) (Table 1).

The diagnoses of HCC were all confirmed by histopa-
thology, with the specimens obtained by ultrasound-guided
percutaneous biopsy (n=8) or surgery (n=2). Three of the
MLC lesions were confirmed by histopathological exami-
nation, with the specimens obtained by percutaneous biopsy,
and the remaining two lesions were confirmed by clinical
data such as history of the primary malignancy, newly
detected and continuously enlarged FLLs, and typical
imaging findings on contrast-enhanced CT (CECT) or
contrast-enhanced MRI [2,3,5]. The metastases were sec-
ondary to colorectal carcinoma in two patients, pancreatic
carcinoma in two patients, and breast carcinoma in one
patient. Both [CCs were confirmed histologically after
surgical resection. All hemangiomas and focal fatty sparing
lesions were proved by typical findings on CECT or
contrast-enhanced MRI and lack of change in lesion size
for at least 6 months on imaging follow-up [2,5]. All FNHs,

Table }
General features of FLLs (N=100)

liver abscesses, and SNNs were confirmed by uitrasound-
guided percutaneous biopsy or aspiration and imaging
follow-up for at least 6 months.

Fatty liver was confirmed by multiple imaging findings,
with diagnostic criteria as follows: (2} on ultrasound: bright
hepatic parenchyma with echogenicity higher than that of the
right renal cortex and poor visualization or nonvisualization
of portal vein borders, the diaphragm, or the posterior portion
of the right lobe [12]; and (b) on CT: low attenuation of liver
parenchyma on unenhanced CT, with values at least 10 HU
lower than those of the spleen {13].

2.2, Contrast-enhanced sonography

CEUS examinations were performed with an Acuson
Sequoia 512 scanner (Signature 7.2; Siemens Medical
Solutions, Mountain View, CA) and a 4V1 vector transducer
with frequencies of 1 -4 MHz. The CEUS imaging technique
and UCA used in the present study were contrast pulse
sequencing (CPS) and SF6-filled microbubble contrast agent
{SonoVue; Bracco, Milan, Italy), respectively.

Before administration of the UCA, baseline gray-scale
ultrasound was performed to scan the entire liver. The
imaging settings of the ultrasound scanner were optimized
to get the best depiction of the target lesion. Diagnostic
information, including the diameter, echogenicity, shape,
and margin of each lesion, was recorded. After initiation of
CPS imaging mode, a bolus injection of 2.4 ml of UCA
was administered through a 20-gauge needle placed in the
antecubital vein, followed by a S-mi flush of 0.9% normal
saline solution. Upon completion of the UCA injection, a
timer is started simultaneously. The mechanical index (MI)
indicated on the screen was between 0.14 and 0.21. The
lesion was observed continuously for 6 min on CPS
imaging mode. Based on previous literature, arterial phase
is defined as 7-30 s after contrast agent injection, portal
phase is defined as 31--120 s afler contrast agent injection,
and late phase is defined as 121360 s after contrast agent
injection [1 -5]. The digital cine clips of baseline gray-scale
ultrasound and the entire CEUS examination were stored in
a hard disk incorporated in the scanner and converted from
DICOM files into low compressed AVI files for subse-

Number of Number of male/
Lesion Lesion size {cm) Depth {ctn) lesions female patients Patient age (years)
HCC : 3.8£1.27(1.6~-5.3) 7.1£2.5" (4.4-10.9) 10 8/2 57.6:10.1* (41-73)
ICC 5.8,7.8 6.8, 9.7 2 141 52, 60
MLC 3.00.6 (2,1-3.6) $.3+1.8% (6.0-10.3) 5 273 58.059.7" (41--64)
Hemangioma 362,57 (1.0-11.6) 6.4£2.3" (3.5-15.0) 30 18/12 51.5x11.4" (34-75)
FNH 2.240.6° (1.6-2.9) 6.0=1.6" (4.0-8.1) 8 4/4 37.3=12.7° (24-64)
Focal fatty sparing lesions 2.3x0.9" (1.0-5.1) 5.8+1.8*(3.5-11.2) 42 25/17 43.1£11.3% (20--74)
Abscess 6.0,9.2 55,140 2 2/0 34, 76
SNN 1.7 55 I 1/0 28

* Data are expressed as mean size=S.D., with ranges indicated in parentheses,
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quent analysis on a personal computer. In this study, no
patient received additional administration of the contrast
agent. All of the procedures were performed by one of two
skilled investigators with at least 3 years’ experience in
using CEUS.

2.3. Image analysis

Baseline gray-scale ultrasound and CEUS images were
displayed retrospectively from digital video files on a
computer screen and evaluated in consensus by two
investigators who were not involved in the ultrasound
scanning and were unaware of the clinical and other
imaging information of patients. The reviewers determined
the diameters and echogenicity of the lesions on gray-scale
ultrasound and evaluated the time of initial lesion
enhancement, enhancement level, and pattern of each
lesion at different phases of CEUS. The level of
enhancement was divided into nonenhancing, hypoenhan-
cing, isoenhancing, and hyperenhancing, according to the
peak enhancement of lesion compared with the surrounding
liver parenchyma. Contrast enhancement pattems were
classified as homogenous, heterogeneous, rim, and periph-
eral nodular enhancement.

3. Results

3.1. HCC

On baseline gray-scale ultrasound, all HCCs were
heterogeneously hypoechoic, with ovoid shape and sharp
margins. After injection of the UCA, initial enhancement in
all lesions appeared earlier than the initial enhancement of
the liver parenchyma in the arterial phase of CEUS. There
were eight (80%) lesions with homogeneous enhancement
and two (20%) lesions with heterogeneous enhancement
(Table 2). As to the enhancement fevel, all lesions exhibited
hyperenhancement in the arterial phase. In the portal phase,
all lesions demonstrated contrast enhancement washout and
became hypoenhanced in eight (80%) patients and iso-
enhanced in two (20%) patients. In the late phase, all lesions

were hypoenhancing compared with the surrounding liver
parenchyma (Table 3).

When homogeneous or heterogeneous hyperenhancement
in the arterial phase (with washout of contrast enhancement
in the portal and late phases) was regarded as a positive
finding of HCC, the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy of real-time CEUS were found to be 100% (10
of 10), 95.6% (86 ot 90), 71.4% (10 of 14), 100% (86 of 86),
and 96% (96 of 100), respectively {Table 4).

3.2 MLC

MLCs were heterogeneously hyperechoic in two (40%)
patients and hypoechoic in three (60%) patients on baseline
gray-scale ultrasound. All lesions were ovoid in shape,
with sharp margins. In the arterial phase of CEUS, all
lesions enhanced earlier than the liver parenchyma. There
were two (40%) lesions with homogeneous enhancement
and three (60%) lesions with rim enhancement. As to the
enhancement level, all lesions exhibited hyperenhancement
in the arterial phase and hypoenhancement in the portal
and late phases in relation to the surrounding liver
parenchyma (Fig. 1).

When rim hyperenhancement in the arterial phase (with
washout of contrast enhancement in the portal and late
phases) was regarded as a positive finding of MLC, the
sensitivity, specificity, PPV, NPV, and accuracy of real-time
CEUS were found to be 60% (3 of 5), 100% (95 of 95), 100%
(3 of 3), 97.9% (95 of 97), and 98% (98 of 100), respectively.

3.3.1ICC

On baseline gray-scale ultrasound, both ICCs appeared to
be heterogeneously hypoechoic, with ovoid shape and sharp
margins. On CEUS images, both lesions showed heteroge-
neous hyperenhancement in the arterial phase, with one
earlier emergence and one simultaneous emergence of
enhancement when compared with the adjacent liver
parenchyma. Both lesions appeared to be hypoenhancing
in the portal and late phases and were misdiagnosed as HCC
in the present study (Fig. 2).

Table 2
Enhancement patterns of FLLs in the artenial phase (N=100)

Homogeneous Heterogeneous Peripheral nodular Rim-like No
Pattern enhancement enhancement enhancement enhancement enhancement
HCC 8 (80) 220
iIcC - 2 (100} - .
MLC 2 (40) - 3 (60)
Hemangioma 1(3.3) 1(3.3) 28(93.4) -
FNH 8 (100) - -
Focal fatty sparing lesions 40 (95.2) - - 2{4.8)
Abscess - - - 2 (100) -
SNN - - [ {100}

Data are numbers of lesions; data in parentheses are percentages.
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