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method in the  diagnosis of hepatic shistosomiasis, yet it is a 
A b s t r a c t  Ultrasound imaging is a non-invasive, sensitive 

subjective  one. It  is difficult to differentiate properly diffuse liver 
diseases  during  the early changes from  normal pathology by 
visual inspection from the ultrasound images. In this study, 180 
cases of bilharzial, cirrhotic, normal, and mixed liver pathologies 
are analyzed for clinical investigations, ultrasound 
measurements, pathological, and biochemical measurements. 

second order textural parameters, speckle parameters, attenuation 
The B-mode  images are captured and analyzed for first and 

parameter. The statistics done  for  various  groups of pathologies 
indicated a significant differences between different groups. An 
unsupervised clustering algorithm is applied to the cirrhotic 
group to find  subclasses of cirrhosis. The results of clustering 
showed a good  match with that of pathological findings. This 
work  can assist the sonographer to quantitatively and efficiently 
differentiate between diffuse liver diseases. 

INTRODUCTION 

quantitative estimation of tissue  or image features leading to a 
Tissue characterization is a term that usually refers to the 

more accurate distinction of normal  and  abnormal tissues; the 
results of tissue characterization are quantitatively interpreted 
using numerical values. It aims to provide additional information 

ultrasound B-scan. Thus; gained information are quantitative 
about tissues not  available by  viewing ordinary images of the 

and is far less operator dependent than the usual B-scan images. 

Pulsed-echo ultrasound is a non-invasive technique capable of 

considered to be an extremely important and valuable toolof 
visualizing an internal structure of soft tissues and as such it is 

ultrasonic systems have a number of important shortcomings. 
medical diagnosis. However, despite their importance, existing 

diagnosis is, usually, of qualitative nature. The physician has rely 
The main  problem stems from the  fact that presently the 

on detection of inhomogeneities between  echo amplitudes 
received from  the neighboring areas of the  image.  Such an 
approach is, of course, subjective and consequently problematic 
in itself. Moreover, in certain cases the disease attacks the entire 
tissue are& say,  entire liver (diffuse liver diseases). Then, the 
ultrasonic image will he  homogeneous  (see  figure l), and as a 
result the  diagnosis is sometimes difficult [ l -S].  
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Visual criteria for diagnosing diffused liver diseases are in 
general confusing  and  highly subjective because they depend  on 
the  sonographer to observe  certain textural characteristics from 
the image and  compare them to those  developed for different 
pathologies to determine  the type of the disease. An example for 
these features is texture homogeneity.  Its presence or absence 
can he widely debated between different experienced 
sonographers.  Another feature is texture echogenicity which can 
be a maner of argument in marginal cases. Moreover, some of 

tend to confuse  the  sonographers  even  more. 
the  diseases  are highly similar in their diagnostic criteria, which 

The Visual criteriaprovides low diagnostic accuracy (around 
70%) [1,,3,9-191. Therefore the physicians may  have to use 

ultrasonically guided needle Biopsy.  Although this technique is 
further invasive methods such as the pathology investigation of 

disadvantage of being invasive and more  importantly, it may 
considered to be the golden test for diagnosis, it has the 

cause a great  risk of cancer spread if  it cuts  through a localized 
cancer area [9-121. The quantitative analysis of using ultrasound 

described by  many researchers [2-7,9-201. 
signals as an aid to the diagnosis of diffuse  disease has been 

The quantitative parameters measured for ultrasound tissue 
characterization are broad categories  extracted from pulse-echo 
data (gray scale B-mode image). These are: 
I-Image texturolpuromerers: These  are mean gray level (MGL). 
gray level variance (VAR), and  five of the relevant gray level 
histogram percentiles. Co-occurrence matrix parameters, such as 
contrast (CON), entropy (ENT), correlation (COR), and  angular 
second  moment (ASM, [IO]. 
2-Speckle Purornelers: These  are mean scatterer separation (4, 
diffuse and  specular scatterer intensity (Id,/,), specular standard 

deviation (G,! ) and a few  other related parameters (201. 

3-Acousrtc Parameters: The% are  attenuation  coeffkient 
( A T E N )  and the backscattering coefficient (BSc) [2,5,7,20,21]. 

DATA ACQUISITION AND  METIIODOLOGY 

The following was done for the studied subjects: 
1- Medical History and clinical examination. 
2- Urine and stool examination for schistosomiasis ova. 
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3- Liver function  tests  Serum bilirubin,  ALT,  and  AST. 

(-40  "C). Collected  serum  samples  are examined for: HBV 
4- A blood  sample is taken,  serum is  separated  and  kept  frozen at 

positive cases, HBeAg +DNA polymease is done. 
seromarkers  namely  HBsAg, anti HBc  and anti Hbs. For HBsAg 

-HCV seromarker namely anti HCV (2  nd generation ELISA). 
For positive cases  PCR is done 
-Serum procollagen I11 peptide (PIIIP)  levels  by  RIA. 
5- Conventional  ultrasound examination stressing on: 
* Liver size (in  ML  and  MCL), texture, and  hepatic  veins.The 
diameter o f 3  peripherally located poml tracts is measured  and a 
mean is taken. 
*Spleen size  (taking  its 3 dimensions) and echogenicity 

6- Needle liver  biopsy is taken  for fit patients (satisfactory 
* Presence or absence  of ascites. 

Prothrombin  time and Concentration); sections  taken are stained 
by conventional  haematoxlin and  eosin stains, periodic  acidschiff 
and  Masson trichrome  (specific for fibrous tissue). 
l- Tissue  characterization  analysis  steps: 

A) Image  acquisition  for  the liver, 2 scans  are acquired 
(subcostal and mid-line  sections taking  the caudate  lobe) at 3.5 
Mhz,  images are corrected  for  TGC,  diffraction  and focusing of 
the beam using AIUM phantom[l1-19], then aregion of interest 
(ROI) is taken, at least  2xZcm  (64'64  pixels), for which  different 
tissue  characterization  parameters are  extracted. 

B)Tissue characterization  parameters  extraction 
The R01 is analyzed for  the  following parameters: 

I -  Textural  parameters: 
a)  Histogram  parameters 
I) Mean  gray level (MGL):  defines  the average  gray  levels  in the 
region. 
2) Image  variance:  defines  the  deviation  of  the  echoes from the 
MGL. 

percent of all  the  gray levels  reached at this level. 
3) Five  different percentiles (0.1,0.3, 0.5,0.7,0.9): defines the 

h) Co-Ocurrence matrix  parameters 
4) Contrast(C0N):  defines  the  coarseness ofthe texture 
5 )  Entropy (ENT):  defines  the homogeneity ofthe texture 
6 )  Correlation  (CORR):  defines  the linnearity of  the relationship 
of the gray levels 
7) Angular  second  moment  (ASM):  defines  the clustering  of  gray 
levels and different  gray level transitions 

8 ) Attenuation coeficient(a): defines the decay ofthe echoes 
levels  with depth  and  frequency  and is given  in  dBicm Mhz 
9) Back-scattering coefficient  Mu(l8O):  defines  the amount of 
back-scattered  power  with  respect to the  incident. 

10) Speckle  separation  (d):  defines  the  distance between  which 
the  speckles  are  ordered  (ordering  of  structure) 

small scatterers to the image. 
I I) Diffused intensity of  scatters  (Id):  define  thecontribution of 

large  structure  of Scatterers  to the image. 
12)  Specular intensity ofscattereres:  defines the  contribution  of 

II-  Acoustic  parameters: 

111- Speckle parameters: 

RESULTS AND CONCLUSION 

The number of subjects  studied  are 40 shistosomal periportal 
fibrosis with various sages,  60 cirrhosis+chronic  active hepatitis, 
40 mixed  livers  and 40 normal livers. Their clinical, ultrasound 
findings  are summarized  in tables 111, IV. Patients with cirrhosis 
showed  more signs of  liver cell failure  and shrunken  livers  while 
schistosomal cases had  more prevalent  splenomegaly or  history 
of splenectomy. 
Conventional ultrasound findings  are  shown in Table  IV. 

Liver  biopsy are done for all the  patients. Cirrhosis was not 
present  in pure shistosomal  cases  and  periportal fibrosis 
granuloma  were  not seen  in cirrhotic  cases. 
All the tissue  characterization parameters  statistics for all 

parameter in  various group is clear.  These  parameters  could  be 
pathologies are tabulated in table I, 11. The  significance  of every 

used to assist quantitatively the  sonographer  for accurate 
differentiation  of difised diseases. 

An unsupervised  clustering algorithm  (self-organization 
Kohonen  network)  was  applied to  the  cirrhotic  group (60 cases) 
to determine  how  many subclasses  could  the  cirrhotic class be 
divided  into.  The  input vectors  selected to  include  the  following 
parameters  (MGL,  VAR.  PER0.9.  CONT, ENT,  ATTEN,  B.SC., 
d, PIIIP). The input  vector is of 9Ih dimension.  The  Kohonen 

organize  a topological map from a  random starting 
self-organization  feature  map is a two layered network that can 

point[22,23,24]. The resulting  map  shows  the natural 
relationships  among  the  patterns  that  are given to  the network. 
Incoming  patterns are classified  by the  units that activate in the 
competitive layer. Similarities  among  patterns  are mapped  into 

training is complete, pattern relationships  and  groupings  are 
closeness relationships on the  competitive  layer  grid.  After 

observed  from  the competitive  layer. When  an input pattern is 
presented  to the network at the  input layer , the  second layer 
units  then  sum  their inputs and compete  to find a  single  winning 
unit. The law  that governs  the  updating of the  weights is as 
follow: 
w j i ( t + l ) = w j i ( t ) + q ( t ) [ i ( t ) - w j , ( t ) ]  ( 1) 

where  wli (t) is the  weight of the  neuron ji in the  map at iteration 
t, i(t) is the  input at iteration t, q(t) is the learning coefficient at 
iteration t. The  winning  neurons in the  competitive layer are 
updated  in the  neighborhood of the  winning neuron  whose 
minimum distance is measured as: 

(2) d , p ( t )  = c [ I j ( O  - w,i(r)l '  
"l 

, = I  

pattern p. Taking the  size of the  map to be 81 neurons,  the 
where dip(')  is  the distance to neuron j for the t' iteration of 

learning  rate is taken to  he  0.2,  for 1500 iteration, the size of 
initial neighborhood  is taken as a fraction 0.5 of whole 
competitive layer. After  training, the 60 input  vectors of 
cirrhosis were  classified  into 3 main clusters. The output  of  these 
cluster  were  compared  to the  pathology of the cases, the error 
was 3.3% two cases  were  misclassified  with  respect to  the 
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pathology.  The  three  cluster  are  early cirrhosis, mild cirrhosis, 
and active cirrhosis. 

characterization  could  add  other  information  not  readily  available 
In conclusion it was  found that: - Ultrasonographic  tissue 

by conventional  ultrasonography  for  diagnosis of  diffused liver 
pathologies e.g.: 

. Superadded  hepatitis or cirrhosis  on  expectedly  pure 
schistosomal  cases. 

. Degree of periportal  fibrosis  even  early  could  be  verified 

. The  subclassification  of liver cirrhosis  could assist to  diagnose 
variable  degrees  of cirrhosis. 

progress  of  cirrhosis, and measure  the  effect  of  chemotherapy 
This  analysis  could be used for  the  future  work to monitor  the 

and various  fibrinolytic agents. 
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FIGURE l. B-MODE IMAGES FORNORMAL. B I ,  B2, EARLY CIRR., M1I.D CIRR., AND MIXED LIVERS 
(LEFT TO RIGHI)  
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STATISTICS FOR  'TISSUE  CItAIL4CTERIZATION  PARAMETERS  FOR  DIFFERENT  LIVER  PATHOLOGIES 
TABLE I 

Params. Pb 
MGL 

5 b  

24.6 
p-"dW 

4.2 
P c  

0.04 
p-value 

26.45 
Pm 

5.7  0.0082  25.88  4.63 I 
VAR 22 3 

0.0083 
4.6 

PFRO 9 ? I  R 
0.0002  35.3 6 22  0.0033 

4 74 h 19x 

5," I p-value 

31.2  5.71 I 0.003 
7 7   7 7  c C <  I nnnn, 

Id 55.3 19.9  0.65  53.8  24.1 I 0.84 
IS 

55.7 
510.4 

27.5 
223.3 

0.68 
0.927  656.6 

PlllP 
382.8 

6.642  1.167  6'10E-8 
0.12  612 7 367.1 

7.39  1686  5'IOE-8  7,254  1.674  3'IOE-7 
0.25 

.. . . "."., 

Note: b stands for shiitoEomal(bi1harziaI). c for cirrhosis, m for mixed, n for normal liver pathologies 

STATISTICSFOR TlSSUE CHARACTERIZATION  PARAMETERS  FOR SHISTOSOMAL CASESIGRADE 1.111 
TABLE II 

Note:  The black-bordered cells are not  significant  (p-value>0.5), bl,b2 stands far shistosomal grade I, II 

CLINICAL  FINDINGS IN STUDIED  SUBJECTS 
TABLE 111 

S h i m  Mixed 
% % 

Cin. 
76 

I I I 

- Hepatomegaly 
.Shrunken Liver 
-Splenomegaly 
-Splenectomy 
* Hepatorplenomcgaly 
* ASC~LCS 
A I  T ~ l rvs f inn  1 19.2 0 

34.6 
3,8 
23. I 

0 
76 9 

5.6 
0 
61.5 
0 
46.2 
l4 5 
57 I 

33.3 
7.7 
30 8 

25 7 
179 
41 I 

0 

- 

TABLE IV 
IILTRASOIND FINDINGS IN STUDIED  SlJBJECTS 

Cirr. 

* Hepatomegaly 
* Shrunken liver 2.9 

30.7 

* Liver Texture 
7.7 

.Homogeneity 
-Early caarsness 25.7  20.5 
-Coarseness 61.5  51.3 

I00 

-Brightness 0 I 8.7 28.2 
* Portal tract  thickening I I I 

2,%3.0 mm 1 15.4 I 17.1 I 0 I 
3 0-4.9 mm 
5 0-6.9 mm I 154 I :'d I : I 69 2 

>7 mm 1 0 1  0 1  0 
* Hepatic vein attenuation I 0 I 
* Splenomegaly I 65.4 I 

60 I 66.6 
88.6 I 64.1 
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