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Automatic Evaluation of Liver Fibrosis with Chronic Hepatitis C

Using Texture Features in Ultrasound Images
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Abstract In this paper an automatic classification algorithm is proposed to evaluate the degree of liver fibrosis using texture
features in ultrasound images. Recently, it is proved diagnostic ultrasound is a useful clinical tool for imaging the human soft
tissues and some methodologies have been developed in disease diagnosis. However, the most difficult problems of how to
remove these small structures from live material, and how to evaluate the degree of liver fibrosis with granularity of texture
remain. In this paper, we propose a novel method to resolve these problems. Texture features are used to evaluate the liver fi-
brosis in ultrasound images in this paper, an algorithm for removing small structures, such as cross section of vessels and cap-
illaries are also proposed. In the experiment, texture features extracted from ultrasound images are examined based on the pro-
posed method, and the resulting values were compared with the fibrosis grades. The results of our study show that the median
value of every histogram, which are calculated from fibrosis grade 1 to 4, may be associated with an increase in the grade of
liver fibrosis and it is possible to evaluate the degree of liver fibrosis using proposed method by analysis of ultrasound images.
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1. Introduction

Liver disease, such as chronic Hepatitis, fatty liver diseases
and cirrhosis, is one of the most prevalent diseases. Chronic
Hepatitis C is an infectious disease affecting the liver, which is
caused by the hepatitis C virus, and has the highest rate about
70% of total liver disease. The infection is often symptomless,
but once established, the chronic infection can progress to
scarring the liver fibrosis, and advanced scarring cirrhosis
which is generally apparent after many years. Thus, an early
diagnosis is very important and can help to prevent changing
the state of the disease to a developed stage.

Some methodologies have been developed in disease diag-
nosis [6][7][8][9][10] and some algorithms have been tested
on Computed Tomographic(CT) images, which are of higher
contrast than ultrasound images[8][10]. But as the ultrasound
imaging modality offers the undisputed advantage of being
non-invasive, low cost and non-radiological despite low con-
trast, more research has been initiated in this field. Recently, it
is proved diagnostic ultrasound is a useful clinical tool for
imaging the human soft tissues [1][4].

S.Poonguzhali et al.[5] proposed a method to build a com-
puter-aided automatic early detection system for the identifica-
tion of cysts, tumors and cancers by analyzing their unique
echo texture patterns using a custom designed back propaga-
tion neural network classifier. In their study, the possibilities of
an automatic classification of ultrasonic liver images by em-
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ploying a combined set of statistical and spectral texture pa-
rameters are explored. However, this proposed method is only
limited in detecting neoplasm, such as cyst, benign and ma-
lignant, in ultrasound liver images. Since it is difficult to dis-
tinguish between normal liver lesion and chronic hepatitis, the
results from this method is obviously too late for early treat-
ment.

On the other hand, Hidenori, Toyoda.[1] proposed a method
to evaluate the degree of liver fibrosis in patients with chronic
hepatitis C. In their study, the homogeneity of the tissue tex-
ture of the liver on B-mode ultrasound images is analyzed on
the basis of the result of a statistical chi-square test of the echo
amplitudes. However, F1, F2 and F3 groups are poorly de-
marcated; furthermore, they failed with discrimination be-
tween grades FO and F1.

The most difficult problems of how to remove these small
structures, such as vessels and capillaries, from live material,
and how to evaluate the degree of liver fibrosis with granular-
ity of texture are remained. In this paper, we propose a novel
method to resolve these problems. Texture features will be
used to evaluate the liver fibrosis’s grades in ultrasound im-
ages. An algorithm for removing small structures, such as
cross section of vessels and capillaries will be also proposed.

The main contributions of this paper are summarized below:

e A texture feature with rotational invariance based on

HLAC is proposed in this study.
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e A method to remove non-liver tissue in ultrasound
images is proposed.

e  We evaluate the efficacy of proposed method with
some ultrasound liver images, which are collected
from hospital on various patients with chronic hepatitis
C.

This paper is organized as follows. Chapter 2 explains
feature extraction. Chapter 3 describes the proposed algorithm
to evaluate the degree of liver fibrosis. Materials and evalua-
tion will be described in chapter 4. Finally the application of
this method and its effectiveness to classify liver ultrasound
tissue will be shown.

2. Feature extraction

Since liver is an organ with many structures such as vessels
and capillaries, these parts of non-liver tissues are included in
ultrasound Images. Since the purpose of this study is to evalu-
ate the degree of liver fibrosis with chronic hepatitis C in ul-
trasound images, it is necessary to remove these non-liver
tissue parts as preprocess.

In this chapter, two texture feature extraction methods will be
described for liver material texture granularity classification
and non-liver tissue texture extraction. Firstly, an improved
feature extracting method which is based on HLAC (Higher
order local autocorrelation) will be explained. Secondly, we
will propose a texture feature extraction method to remove
non-liver tissues, such as cross section of vessels and capillar-
ies.

2.1 Rotational Invariance Feature based on HLAC

HLAC is an effective method for extracting the texture fea-
tures[2][3] and can be used for wide applications such as mo-
tion recognition, face detection and others. HLAC features are
primitive image features in Eq.(1) based on higher-order sta-
tistics. The Nth order autocorrelation functions are defined as

Hr(al,az,...,aN)zIf(r)f(r+a1)f(r+a2)dr, (1)
where f(r) denotes the intensity at the observing pixel

randa,,a,,...,a, are N displacement neighborhoods ofr .

The original HLAC features can be restricted up to the second
order and within a displacement region. Binary image can be
represented by 25 mask patterns with 0, 1 and 2 displacements
as shown in Fig.1, and gray image can be represented by 35
mask patterns.

W
e A

e e e ) G e
P A R R

Fig.1. 25 mask patterns of the Oth- order to 2nd-order
HLAC features(3x3 pixels)

Thus, Eq.(1) can be calculated as Eq.(2), Eq.(3) and Eq.(4)
with 0, 1 and 2 displacements respectively.

H, =f(r) (2)
H, (a,)=f(n)f(r+a,) (3)
H, (a,,a,)=f()f(r+a)f(r+a,) 4)

Each pixel can be considered as a rotation center, which
seems to be the convention in deriving rotation invariant op-
erators. The rotation invariant HLAC can be defined as fol-
lows.

When a gray image is rotated, the gray values of one pixel
in a circular neighbor set move along the perimeter of a circle
center. For removing the effect of rotation, 35 mask patterns
can be combined as 9 groups as shown in Fig.2.
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Fig.2. Extended rotational invariance feature based on origi-
nal HLAC.
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For example, these 4 mask patterns on third row of Fig.2
can be united as one mask pattern with a 45° rotation around
the center point. Thus, the texture feature can be calculated by
using the mean of four features that were extracted from these
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four patterns.
The Nth order autocorrelation functions calculated from
each group can be rewritten as Eq.(5)

1 M
=— , (5)
X(ay) MJZ:,X(%)

here, M is the number of different patterns included in the

same group; k is the group number and a,,a,,...,a are

N displacements. Thus, with the proposed method, the origi-
nal HLAC can be extended to a rotational invariance in ex-
tracting texture features. Since it is possible for us to calculate
a 9-dimensional feature vector instead of 35-dimensional ones,
the proposed method causes a large reduction in calculation
cost too.

2.2 Non-liver tissue Feature

An example of ultrasound liver image is shown in Fig.3.
Texture features extracted from liver tissues, vessels and cap-
illary vessels are different from each other. Here, we propose a
method to remove these non-liver tissues from ultrasound im-
ages.

Let regions of interest Images are represented by P, and a

rectangular region in image is denoted withR; R — P..
Texture features extracted from plane R can be repre-

sented by f (o, 1),

f,(0)= \/ﬁi [(x, ~£, ()], ©

where,
1 N
f =— > X., (7)
2 (1) NZI: ;

here, x is the grey level of a pixel in gray ultrasound image,

f(x) is the mean of all X in rectangular region ofR ;

f(o) s the standard deviation of the mean, and n is the num-

ber of R in the regions of interest Image P .
Then, we can calculate the feature vectors from regions of

interest Image P by using Eq.(8)
F=[f, (o, wf, (o, 1)..f, (o, 1)]" . (8)

Since the texture features extracted from vessels hold the
deviation from normal liver tissues, by using these features
based on grey level, it is possible for us to remove these

non-liver tissues. The results will be shown in chapter 4 with
some ultrasound images.

Fig.3. An example of liver ultrasound image

3. Algorithm of Liver fibrosis evaluation

We will describe the algorithm of liver fibrosis evaluation
as follows:

Step 1: Input the ultrasound liver images. Since we will
remove these parts which are deviated from the most part,
the liver tissue part should cover most parts of the region of
interest image.

Step 2: Extract texture feature for distinguishing the normal
liver tissue from others. The feature described in sention2.2
will be used at this step.

Step 3: Remove non-liver tissues. By using the texture fea-
tures extracted at step2, it is possible for us to remove these
non-liver tissue deviated from normal liver tissue.

Step 4: Extract texture feature to evaluate the degree of
liver fibrosis. We will extract texture feature by using the
proposed 9-dimensional HLAC to evaluate the liver tissue.

Step5: Evaluate the degree of liver fibrosis. At this step, the
value of separation degree between different fibrosis grades
is used to evaluate the proposed method with others.

4. Materials and evaluation

In this study, the gray scale ultrasound liver images are col-
lected from TOSHIBA hospital on various patients with
chronic hepatitis C under similar imaging conditions. Total
twenty-nine images for test are histopathologically tested and
have been confirmed by the radiologists to 4 grades from 1 to
4 as shown in Table 1.

Table.1. Characteristics of study images

Fibrasis 1 2 3 4
grade [ (=) | (+=) | () | (++)
HCV 7 8 7 7

The results, which are calculated by using the proposed
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method compared with the radiologists’ diagnosis and evalu-
ated with degree of separation, are shown below.

Degree of separation can be calculated by using be-
tween-class variance and within-class variance as follow:

2
o(w,t) =5 (9)

w
here, o(W,t) means degree of separation, O, is be-
tween-class variance, and O is within-class variance.

o,and O, canbe defined as Eq.(9) and Eq.(10)

2

W0, (m,—m,)’

2
(0 +w,)

2 2
2 _ W0 + 0,0,
UW =
a)l +a)2

@, is the number of samples in groupl, and @, is the number

of samples in group2. m is the mean and O is the distribu-
tion of all feature values in each group.

5. Experiments
The difference between the proposed method and others are
shown by using some experiments.

5.1 Texture Comparison

First, we will compare the texture features extracted by us-
ing the original HLAC with extended HLAC.

Firstly, we extract original 35-dimensional HLAC feature
vector from each rectangular region (3x3 pixels) from region
of interest images. By combining 35-dimensional feature vec-
tor, it is possible for us to get a scalar feature from each rec-
tangular region. The mean values of 35-dimensional features
are employed in texture analysis as final texture features. Sec-
ondly, we calculate the average feature from each rectangular
region and calculate the distribution by using the average fea-
ture from each region of interest images. And then thirdly, we
calculate the feature, which is based on 35-dimensional HLAC
feature vector, from each image.

This calculation will be repeated by using the proposed
9-dimensional HLAC feature vector. The results compared
with these two methods as shown in Fig.4 and Fig.5.
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Fig.4. Feature values calculated from ultrasound images by
using original 35-dimensional HLAC. Four degrees of liver
fibrosis are represented with different colors. The blue points
are features which are calculated from these images confirmed
by the radiologists of grade 1, green points from these images
of grade 2, yellow points from these images of grade 3and red
points from these images of grade 4.
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Fig.5. Feature values calculated from ultrasound images by
using proposed 9-dimensional HLAC

Fig.4 shows the result computed from 35-dimensional
HLAC feature vector, the horizontal axis is image number and
the vertical axis is the feature value. As shown in Fig.4, four
degrees of liver fibrosis are represented with different colors.
The blue points are features which are calculated from these
images confirmed by the radiologists of grade 1, green points
from these images of grade 2, yellow points from these images
of grade 3and red points from these images of grade 4.

On the other hand, the features computed by using the pro-
posed 9-dimensional HLAC feature vector are shown in Fig.5.
Compare Fig.4 with Fig.5, it is clearly the classification has
greatly improved.

The table 2 compares the values of separation degrees
which are calculated by using the original 35-dimensional
HLAC method and the proposed 9-dimensional HLAC
method. As shown in this table, there is a large difference be-
tween these two methods in the degree of separation and it is
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clear that our method improved the efficiency.
Table.2. Degrees of separation calculated from each fibrosis
grade by using the original HLAC and proposed HLAC.

Degree of separation
Calculated from| Calculated from
Proposed HLAC| original HLAC
gradel:grade2 0.007 0.001
grade2:grade3 0.006 0.000
grade3:grade4 0.030 0.034
lgrade1,2,3:grade4 0.007 0.003

5.2 Remove non-liver tissue

In this section, we will show the results of some experi-
ments to remove non-liver tissue by using texture feature. As
described in section 2.1, the texture features extracted from
normal liver tissues are different from others. In ultrasound
images, the grey lever of soft tissues, such as blood, is low and
the grey lever of hard tissue is high. Thus, texture feature of
blood vessel is dark and smooth, on the other hand, capillary
vessel and vessel wall are bright and rough. Thus, these
non-liver tissue parts can be removed by using texture features
which are described in section 2.2. Some results of removing
small structures, such as cross section of vessels and capillar-
ies vessels which are discriminated by using the proposed
method as shown in fig.6. (a), (b), (c) and (d).

In Fig.6, the images on left are original images and the im-
ages after processing are shown on right.

Here, these black parts are blood vessels and blues are cap-
illary vessels and vessel walls. As shown in these images, by
using the proposed method, most parts of non-liver tissues can
be removed successfully.

Next, we will compare the texture classification before and
after non-liver tissue removed. Fig.7 shows the results of ex-
tracted texture features, which are calculated from ultrasound
images by using proposed 9-dimensional HLAC after remov-
ing these non-liver tissues. Table.3 shows degrees of separa-
tion computed from the images after removing these non-liver
tissues. As shown in these results, the degrees of separations
are improved greatly after removing these parts such as vessels
and capillary vessels.

Fig.8. shows median values with range in histogram accord-
ing to stage of chronic hepatitis. The results of our study show
that the median value of every histogram, from fibrosis grade
1 to 4, may be associated with an increase in the grade of liver
fibrosis. The value of grade 4 is higher than others (grade 1,2
and 3). The median value of each group gradually increased
with an increase in liver fibrosis grade.

(d)

Fig.6. Some results of remove small structures, such as

cross section of vessels and capillaries vessels by using the
proposed method.
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Fig.7. Feature values calculated from ultrasound images by
using proposed 9-dimensional HLAC after remove these
non-liver tissues.
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Thus, it is possible to evaluate the degree of liver fibrosis
using proposed method by analysis of ultrasound images.

Table.3. Degrees of separation calculated from each fi-
brosis grade by using the Proposed HLAC after remove
non-liver tissues.

Degree of separation
Remove non-liver
tissue
gradel:grade? 0.020
grade2:graded 0.000
|__grade3:grade4 0.123
gradel,2,3:grade4| 0.023

6. Discussion and conclusion

In this paper, we proposed a method to evaluate the degree
of liver fibrosis using texture feature in ultrasound images.
Firstly, we described an improved feature extraction method
based on HLAC; secondly, we proposed a method to remove
non-liver tissue. We showed some results from liver ultra-
sound images in some experiments. The results of our study
show it is possible to evaluate the degree of liver fibrosis using
proposed method by analysis of ultrasound images.
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Fig.8. Feature median values with range in histogram ac-

cording to stage of chronic hepatitis.

From the results, it is shown that the value extracted from
fibrosis grade 4 is highest and the value extracted from fibrosis
grade 1 is lower than others. The values gradually increased
with an increase in liver fibrosis grade, although it is difficult
to describe the difference between grade 2 and 3, which should
be improved in the future.
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