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Abstract –Liver cirrhosis is a diagnosis based on histological 
concept. However, liver biopsy, sampling liver tissues from a 
living donor, is an invasive technique, in which a direct 
puncture of the liver is necessary. On the other hand, a higher 
resolution of a recent computed tomography has a potential to 
replace histology with objective and digital images, which are 
available without any invasive techniques.  Here we present a 
system extracting various features of three-dimensional 
vasculature in the liver from images of CT aiming an objective 
and noninvasive diagnosis of liver cirrhosis. 
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I.  INTRODUCTION 

Although rapid improvements of imaging modalities in 
medical fields have been achieved, demanding of structural 
evaluation to grade chronic liver disease forces sampling of 
liver tissues using a risky procedure, liver biopsy, still now. 
In general histological disorganization of the liver is easily 
recognized as an irregular reconstruction of normal 
vasculature [1]. However, histological evaluation is neither 
digital nor objective rather descriptive. 

Alternative diagnosis might be achieved using images 
with Computed Tomography (CT). There are some ways to 
image a liver using CT; CT during arterial portography 
(CTAP), CT during hepatic arteriography (CTHA), and 
intravenous dynamic contrast enhanced CT. These methods 
are safer and less invasive than the biopsy. But, a diagnosis 
using CT-images by a doctor is based on doctor’s skill and 
experience, and is subjective rather than objective. 

Therefore, many researchers have been developed a 
computer-aided diagnostic method during recent two 
decades using digital images including CT images  of liver 
such as a method for extracting a region of a liver from CT-
images, and detecting blood vessels in a liver[2]. But most 
of these conventional methods are aimed to diagnosis liver 
cancer not hepatic cirrhosis, which is one of most terrible 
liver diseases. 

In this paper we propose a method to extract various 
vascular features from liver images of CT for diagnosis of 
hepatic cirrhosis. This method extracts three-dimensional 
shape of blood vessels in the liver from CT-images, and 
analyzes the topology of vascular shape. 

 
 

II. MATERIALS 

 We use 72 CT-images (1.0mm/pixel) in 5.0mm 
thickness from CTAP performed with an injection of  95ml 
of non-ionic contrast agent at a concentration of 150mg I/ml 
through a catheter placed in the superior mesenteric 
artery[3].  Each image is converted from 16 bits to 8 bits by 
AccuLite 3D WorkStation (AccuImage Diagnostics 
Corporation).  

III. EXTRACTON OF THE BLOOD VESSELS 

This section describes extraction of blood vessels from 
each image, and three dimensional labeling and thinning of 
extracted vessels. 

First, each image is binarized with a threshold to extract 
regions of blood vessels (portal veins in this case) in the 
liver. Vessels are imaged angiographically in white so that 
they are discriminated from surrounding liver tissues. 

Threshold value is locally determined in order to remove 
small white regions, which are not corresponding to blood 
vessels in the liver. The image is divided into small 
rectangle regions in 5x5 size, and a threshold value are 
determined for each region. Let ),( yx  denote a pixel in the 

small region in the original image, [ ]255,0),( ∈yxE  

denote the intensity of pixel ),( yx , and ),( yxEb  denote 
an edge intensity that is obtained with the prewitt filter and 
is binarized with an appropriate threshold: 
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Figure.1-CTAP Figure.2-DynamicCT
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Figure.5-Example of the thinning 
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Figure.6-Thinning of the blood vessels 

and a set of edge pixels EB is defined as following: 
}1),(|),{( =≡ yxEyxEB b .        (2) 

Next, histogram H  of EB is made as following: 
}),(),(|),{(][ iyxEEByxyxiEB =∧∈= , 

|][|][ iEBiH = ,                        (3) 
where i  denotes the index of bins (intensity) for the 
histogram. Here S and S ′  are defined as: 
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Th  is the threshold and is defined as the smallest value 
satisfying the following equation: 

95.0≥
′

S
S

                                      (6) 

Fig.3 shows the relation among S , S ′  and Th . Furthermore, 
the final binary image is obtained by taking logical product 
of the edge-based binary image locally thresholded in each 
small region with Th and a globally thresholded image with 

some threshold. 
Next, a three-dimensional labeling process in 26 

neighbors is applied on the binarized consecutive 72 CT-
images to separate volumetric regions into the backbone, 
ribs, blood vessels and internal organs. Among labeled 
regions, the third largest region is determined as the region 
of blood vessels because the first and second largest regions 
correspond to the bone and a plate for radiography existing 
outside of the body, respectively. Figure 4 shows a rendered 
image of three-dimensionally reconstructed blood vessels in 
the liver. Visualization was performed by using the 
VOLUME-ONE software provided by the VOLUME-ONE 
developer group and available on the Internet 
(http://www.volume-one.org). Note that the intestines are 
removed by hand. 

Thinning process is an endpoint to see the topology of 
blood vessels such as endpoint and branches. Thinning 
process changes from volumetric shapes to line shapes 
(Figure 5) [4][5][6]. In this research Euclid distance 
transform for thinning process is used because it is not 
influenced by rotation of shape and it does not generate a 
fake branch that has a bad effect upon successive procedures. 
Figure 6 shows thinned blood vessels. We extract vascular 
features from the thinning line shape and the volumetric 
shape (not thinned).   

In next two sections, knowledge of vasculature of hepatic 
cirrhosis and definitions of features are described.  

IV. ASSUMPTION 

 To detect the progression of chronic liver diseases, we 
focus only on the vasculature (geometry of blood vessels) in 

Figure.4-Extracted of the blood vessels 
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Figure.7-Branch point and Segment 

the liver. We made the following four assumptions on the 
vasculature, and each descriptive and qualitative assumption 
shows the difference of among normal and cirrhotic livers. 

1. Deformation of the blood vessels in the liver 
In normal liver hepatocytes form regular hexagonal 

structure and a smooth vascular network surrounds entire 
hepatocytes to ensure sufficient blood supply in each 
hepatocytes. As disease progression from chronic hepatitis 
to liver cirrhosis, continuous degeneration and regeneration 
of hepatocytes lead to destruction of regular hexagonal 
conformation and deformation of vasculature between 
branch points of vessels. In normal liver the right lobe is 
significantly larger than the left one. As the progress of liver 
disease, degeneration and regeneration of the liver take 
place not evenly in each lobe; continuous atrophy of the 
right lobe followed by a decompensating enlargement of the 
left one. 

2. Change of branch angles 
Generally vessels branch like a tree in the liver. Regular 

branching angles in normal liver deviates along the course 
of disease progression.   
3. Fractality changes 

Blood vessels in brain, lung and liver have fractal 
shapes.  The progress of liver diseases alters or  the fractality 
and fractal dimension of the vasculature in the liver [7].  

V. EXTRACTION OF THE FEATURES 

According to the assumptions in the previous section, we 
define four features of the vasculature that represent the 
progress of liver cirrhosis. 

Here we describe several definitions related to the 
features (see Figure 7). A branch point (or junction point) 

jc is j-th branch of a blood vessel, and connects to a single 
voxel of a line shape in 26 neighbors. An endpoint is a leaf 
node of a tree structure of blood vessels, and connects to at 
least three voxels in 26 neighbors. A segment ib represents 
i-th blood vessel between branch points, and is comprised of 

iN  voxels. i
nb  represents a three dimensional vector of n-

th voxel composing the segment ib .  
Features in section 6.1, 6.2, 6.3 and 6.4 use the thinning 

line shape, while a feature in section 6.5 uses the volumetric 
shape (not thinned) of blood vessels. 

6.1 Ratio of segment length and distance between branches 

This feature is represented by a ratio of length of a segment 
and distance between branches connected to the segment. 
Each segment is numbered as ib  so that the first segment 

1b  is the portal vein entered into the liver. Then the length 
il  of a segment ib  is defined as the sum of Euclid 

distances between adjacent voxels in the segment: 
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and the distance between two branch points is defined as 
following: 

i
N

i
ia bb −= 1  ,                         (8) 

where the distance of a segment comprised of a single voxel 
defined as 0. The ratio between il  and ia is defined as 
following: 

i

i
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6.2 Curvature of segment 

This feature is represented by three-dimensional k-
curvature of a segment. Three dimensional curvature 
( )i

nbφ  at i
nb  is given by angle change of tangent vector. 

Actually the curvature in digital line shape is calculated 
with the distance between two voxels at k distance.  The 
tangent vector i

nt  is defined as following: 

i
n

i
kn

i
n bbt −= +                         (10) 

Angle change of tangent vector i
nφ  at each voxel is 

defined as following (see Figure 8): 
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Figure.8-Curvature of vessels Figure.9-Torsion of 
vessels 
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Therefore, iφ for i-th segment is defined as following: 
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6.3 Torsion of segment 

 This feature is represented by torsion to line shape of 
target. Torsion is given by angle change of binormal vector. 
Binormal vector i

nd  is defined as following: 

i
n

i
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i
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Torsion i
nϕ  is defined as following (see Figure 9): 
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Therefore, torsion of each segment is defined as following: 
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6.4 Branch angle 

 This feature is represented by angle of branch. Branch 
angle is given by center points cc

21 ,bb  of two segments and 

a branch point cc (see Figure 10). The angle θ  of a branch 
point is defined as following:  
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VI. RESULT AND DISCUSSION 

We have implemented the proposed features of the 
vasculature defined in the previous section, and conducted 
an experiments for CTAP images (see Section II) of three 
subjects I, T and S of liver cirrhosis (note that the subject T 
is better than the others). Results of the features calculated 
for each subject are shown in Figure 11. Each plot in Fig. 11 
is a histogram of the feature calculated for the right and left 

hepatic lobe respectively, normalized from 0 to 1 by 
dividing by the total amount of the feature. 

The branch angles of the left lobe of subject I has a 
distribution with a broad peak centered around 100 degrees, 
and that of the right lobe has no significant distribution.  For 
subject T, the branch angles have a peak around 100 degrees 
for both the right and left lobes, and for the left lobe of 
subject S has a similar distribution. The angles for the right 
lobe of subject S has no remarkable peaks in the distribution 
that is relatively similar to that of subject I than that of 
subject T. Note that the peaks at 10 degrees for subject I and 
T are not meaningful because of the incompleteness of the 
feature calculation. 

In the distributions of the curvature for subject I and S, 
large peaks between 0.3 and 0.5 can be seen. That for 
subject T is also similar except the peak for the left lobe is 
larger than that for the right lobe and an additional peak 
exists around 1.1. 

The distributions of torsion are the same distribution 
with a broad peak around 0.4 for all subjects, but in the right 
lobe of subject I there is a prominent peak at 0.2. It is not 
reliable because the number of torsions that could be 
calculated is very small (only 15 torsions). The distributions 
of the ratio are all similar shapes with a peak around 0.3. 

We can see the differences between the distributions of 
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Figure.10-Branch angle 
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Figure.11- Results of the features calculated for each subject 
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branch angle and curvature for subject T and those for 
subject I and S, while the ratio distributions of all subjects 
are similar. The results of torsion may differ to each other, 
but the small number of calculation does not support the 
difference. 

VII. CONCLUSION AND FUTURE WORKS 

In this paper we proposed a method to extract four 
vascular features from liver images of CTAP of hepatic 
cirrhosis. The proposed method has been implemented and a 
three-dimensional shape of blood vessels in the liver from 
CT-images of three subjects were extracted, and the features 
proposed were calculated and shown for the right and left 
lobes of each subject.  We will conduct more experiences in 
order to validate the proposed features with CT images in 
more higher and isotropic resolution. Also we plan future 
works including: use of the fractal dimensionality, 
extraction of the liver region, improvement of blood vessels, 
and more sophisticated thresholding and thinning procedure. 
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