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ABSTRACT:

Background: Computerized ultrasonceraphic tissue characterization has become an
objective means tor diagnosis of liver discases, It is difficull 1o difTerentiate diffusc
liver diseases by wvisusl inspection from the ultmspund images. Computerized
ultrasonopraphic tissue characterization has emerged as one of the most accurate
methods in clazsification of different liver pathologies.

Aim of the work: Is to establish a  specific guantisative criteria for somputerized
discrimination of different diffuse liver discases detected az bright fiver by ulicasound.
Materials and Methods: Using [0 trssue characterization paramerers namely; mean

gray level, '?'h percentile, contrast, entropy, attenuation, comelation, angular second
momenl, average specular inensiny, average diflfuse intensily and speckle separation
distance was abic 1o differentiate between dilferent hepatic pathologies among 43
paticnts with sonographically detected hright liver and of known histopethol veical
data as well as 12 vonlral subjects, A newral nerwork model is proposed o classify
different diseuses from detecting these quantitative parameters lrom the ultrasound
mmages. Results: We reported a resulls ol classification of bright livers of 91,11%
sensitivity, speciticity100%u, and accuracy %2.72%
Conclusion: We von conclude thst, Compoter-assisted  sonographic  lissue
characterization wsing the newral nepwork classifier s a sensitive and specific
technique for separating diffuse liver discase with ultrasonically detected bright liver
Irom contrel cases. This will be of great benefit to avoid invasive methods in unfit
hepatic patients.
Key words: Ulirasonograply, Uissue characterization, Bright liver, chronic heparitis, Famy
liver, Cirthosts, Meurul network classifier and diffuse liver diseases,
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INTRODUCTION:

Chrenie liver diseases constilute a major health problem in Egvpt. Nowadays
viral heputitis competes with schistosomiasis a5 a leading cawse of chronic liver
diseases i Covpr and elsewhere in Middle East (Ef-Ranhy, I983). U ltrasoncaphically
detected bright liver is a frequent finding commenky med wilh in paticnts with fatty
liver, chronic hepatitis and  cithosis (foseph et af, f97%. Ulmasenography is
particularly effective in identification of cystic lesions as they have no internal echees
and have sharp borders providing high contrast with the surrounding tissue, alseil is
effective in dercetion of focal hepatic lesions when they are more or less gchopenic
thar the surcunding tssue (Gara, [991). Zwichel (1993) gtated (hat ultrasonic
imaging i3 nal an accurate ol Tor the detection of diffuse liver discase. This may b
due to subjective nature of sonographic interpretation which is error-pranc for three
reasans: first, discase processes may alter the echopgenicity of the standards ol
comiparizon, the kidney and pancreas; second: interabscrver variahility is considerahle
and third: instrument setting variables may diminish or accentuate difference in
cchopenicity. These differcnces ave partly responsible for the considerable interest
shown in quantitative ultrasonic tissue  churacterization techniques. Tissue
aharacterization 15 u lerm  that refers 1o the quantitative estimaticn of tissue or image
leatures leading to a more accurate distinction of nonnal from abnorinal rizsue. The
esults of tissue characterization may be guantitatively interpreted using nurnerical
vilues or may be displayed as an image for qualitativ: interpretation by an chserver.
Tissue characterization  aims Lo provide additional information ahoul lissues not
readily available by simple viewing of ulrasound B-scan. The information gained
froms tissne characterization is usually quantitative and is far less vperator dependent
than i3 the usual in B-scan image (Gara, 1990} The Visval criteria provides low
diagnostic accurscy (around Y%} {Youssef ot ok, 1993) Therefore the physicinns
may have to usc further invasive methods such as the pathology investigation of
ultrasonically guided needle Biopsy, Although this fechnigue is considerad ta be the
salden test for diagnosis. it has the disadvantage of being invasive and risky, it may
cause @ great risk of cancer spread if it cuts throwgh o localized cancer arca {Foussef et
al, 1993 amd Budawi et al, 1994). The quantilalive analysis of nsing ulirasound
signals as an aid v the diagnosis of diffuse discase has been described by many
researchers (Badawi ef of,, 1996}, Sothe aim of this study i3 to establish 2 specific
quantitative criteria for computerized discrimination of different diffuse liver diseases
detected as bright liver by ultrasound,
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MATERIALS AND METHODS:

Forty-five  patients having bright liver on sonographic examination were
selected from sbout 300 patients suffering feom various liver diseases and |2 subjects
served as contral during the period from May 1997 to April 2000, All patients were
from admission to Tropical Medicine Deparlment and liver unit Kasr Bl Aini Hospital,
Caire Lniversity hespitals, They were || males and 34 females, their ages rangss
from 27 to 63 years,

This work included two phases:

Ehave § {Cave study):

Including elinical, laboratory, conventional ultrasomography and pathalogical
examination. Chnical examination incluodes general (Pulse. emperature, blood
pressure, body mensurements, cardicpulmonary, neorolegical. renal mepsurements)
and local {liver, abdominall examinations.

Leaharatory inveslipavions are |

|- Blood sugar 2- Complere blood picture 3- Liver function lests 4- Serological tosts
tor hepatitis markers 5- Serum lipids 6-Serum sulc-antibodies  7-Liver Hiopsy for
histopatholopical assessment

Phase 11 (Uitrasonographic tissue charmeterization) Including:
1 = Bonographic image analvais.
- Construction of the neural netwark.
IT1- Testing the efficacy of the netwark.

L. Sonographic image analysis:

u) Data acquisition system.

b} System settings.

¢y Caleulation of image parameters.
a} Deta aeguisifion spsiem;

The video outpul of an aTl. Uliramark model 9 ultrasound machine was
connected o a Mova-Microsonics workstation for image acquisition. The images were
captured for fully inspired subject with controlled movement.
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Figure 1: Block diagram for the developed systemn:.

A software was doveloped an this system o allow the sonographer Lo define
the region of interest {ROID) in the image for tissue characterization {WINDOWS
operating system).

B Spstem SeFTD

P'e oblain reproducible results, the following paramerers wers standardized Tor
all tissue characlerization procedures trom the B-mode image { Radawi, 1996}
1. [ltrasound meckine settiags eg Timed pain contrid (TG, focus and Zoom
contrels which can change the overall image gain and produce zooming effects and
hence they can deviate the image stalistics i unpredicrable way. Moreover, the
frequency  of ultrasound  waves uscd were the same tor all subjects since the
attenuuticn is frogquency dependent.
2 Region of interest; size and shuope: Region of inferest is the part of the image:
where  chilferent analytical procedures are performed. Images were acquired in a
\rafisverse subcostal scan taken for the patient Just preceding a needle liver hiopsy, Ta
ahiain relisble statistics, the number al piagls in the region of nierest must b at least
a thousand pixels (lem X Lem =30 X 30 pixels). A pracrical ROT size was Zem X 2
em, ie60 X 60 pixels. Also, the square shaps of the region should be mamtained
during all procedures
1 Region of interest location: 1o avoid the distorsing eftects in ulirasonic wave
patterns, the ROD should be selected voch time alomg the center of the image. Alse, it
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should include pure texture i.e. away frem major vessels,

4. Fasting condition of the patient: cach study subiect should be fasting for at least B
hours  before the scan to avoid the effect of changing liver glycogen and water storage
on ultrasoond attchuation.,

¢} Cafenlfalion of imopse paramelers:

The simpiest fonn ol image dale analysis is that of the pixel data histogram,
which s a display of the ocourrence frequency of gray levels inoa region or aleng a
line in the images.

The first order textare stavistics: that is giving information aboul pray level
frequencies but not aboul spatial location [e.z. mean grav level, g percentile], This
[orm  of analvsis has been implemented on spveral commerzial uitrasonic imagers and
usually allows calenlation of the mean inensity value of the pixels alonpg a given line
of interest or from within a region of interest. Usually a histogram of the gray level
distribution 15 displayed on the screen. Although this form of analysis has been
available om many scanners, it has been litle used since mean pixel gray level is
strongly dependent om the gam settings used and no method for standardization or
calibration of the intensity levels is usually available,

The second order paramieiers: the second ordec statistical features give ool only
occurrence frequencies of pray  levels but also spatial interdepandencies batween Lha
imape  elements {pixels) (eg. contrast, anpulsr second  momenl, entropy and
correlation),

Acoastical paramieters! e.p. Attenuaticn.

Speckle porameter namely;, averape speculer intensity (15), averape difTuse intensity
{Id} and speckle scparation distance.

The parmmeters mensured in our work included: mcan gray level (MG, ‘J"'
percentile (PERD), contrast {(COM), entropy (ENT), corrclation, angular secand
moment (ASMY, attenuvation (ATTEN), averape specular intensity (153). average
ditfuse intensity (113 and speckle separation {sp sep) distance.
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It is important to deseribe the gross discriminative effect of each of the muost
stgnilficant parameters used 1o build the on-ling quantilative tissue characterization
avatem {(OTCS)

The MGl physical meaning is the brightness or echogenicity  of texture,

which most of the sonegraphers write in their ulrasound reports. It is well established
that in [atly and cirthetic hvers the echogenicity is higher (Befrum of al., 1978).
The intecration of the histooram will wield the distribution function from which we
can extracl lhe percentiles thal express what is the gray level al which % of pixels has
cerfain level e for E:‘:ﬂml:‘lt from 0 1o 2535 gray bevvel thare are Q0% of the aray level
from 0 to 200, this is the '}"' percentile.

Correlation is a measure of the linearity of the pray levels relationship in
related pixels i.e. a measure of homegenicity.

Averape diffuse intensity {ID), average specular intensity (15) and specular
separation “measuied from 11} and 1S values™ are textural purameters give information
abaut the texture of the tissue, Atlenuation i3 the amount of ultrasound wave decay by
depth in given tissue.

Contrast {CON} is defined as a measure of how many large gray level
differences are present in the region of interest. Frequently occurring large gray [l
differences incresse the contrast value, whereas sofl texture pesules in small contrast
value fRoaeth of of, 1985).

Angular second moment (ASM] and entropy (ENT)  characterize the
distribution of coe-occurrence matrix entrics in o a proy level-independent way, ASM
increases when the co-ocourrence matrix vahies are clustering around a major gray
level transition. This correspends to a situation where enly a small number of ditferent
gray level transitions exist. Entropy measures the homogeneity ar uniformity of the
tissue, and thereforc it inurenses with increasing coamseness of the image texire
(Kucdah ot ab., 1996),
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I Copstruction of the Meural Network:

Meural networks are a special Kind of flexible model, They consist of networks of
elements, cach element or nede computes » weighted suim of its input and applies a
tunction of seme kind 1o pencrate an culput, henee the analeey with neurans, Modes
are arranged in layers. The input layer ceceives input, whicl maey he raw image deta
(2% im  por case), processed image data or information about the fearuees of an
interpreted image. The output layer provides the respanse of the sestem fthe diagnosis
iovur case), Most neural nets nsed inoobject recognition syslem inchide a single
“hidden™ laver between the inpur and oulput.

To use the svaem for abjecl recognition they must be first trained. Truining
consists ol providing the svstem with examples of the posaible input (different
tltrasound imeges of various liver pathalogies in our cuse) and allowing a contrnl lnap
(e.g. [eedback or feed -forward) 1o adjust the weights of the system’s nodes & praduce
the required output, The system is considered a success if it is able (o peneralize what
il has learnt and classily new examples carrectly (Badaws ef af., 1996, Kadak of of.,
F996). (E.g i the draiming phase the input layer receives the data (x1&x2. . ete} that
will be processed in the hidden layer favgmented by variable weights) to adjust the
output toward the required outpoc (required digpnosis).

In this work, feature extraction algorithms are proposed to extract the
fissuc characterization parameters from  liver images. Then the resulling
parameter wene processed
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Fignre 2: Nearal gefwirk architecture for multfleyer metwork,

as follows Lo construct the neural network:
*  Preprocessing:

An important initial step in all alporithms is to cut the data set (nta two
independent subsets namely, training and test sets,
The trafning sef in our study included. 6 contral subjects, 10 paiients with fauy liver,
12 patients with chronic hepatitis and 4 cirrhotic paticnts while the fest ser included, 6
control subjects, 6 patients with faly  liver, |0 patients with chronic hepatilis and 3
circhnotic parients.

This preliminary step  cffectively aveids introducing lulse-negalive bias
effects. Also. the effect of normalizatien of all parameter values witliin a fixed range
qrousd the eerp (hetween 1) is studied as a possible convenient preprocessing step
for proper weighing of parameiers. Ihis effectively help speeding up the training by
maving the opecating point to the linear portion ol the neuron activation functicn,
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which has the highest slope. Also, each of the possible pathalogies is assigned a binary
digit which can take onlv 2 values:
precensahsent, which are mutually exclusive,

*  Training different mali-laper prrceprran arcliffeciuras:

In these architectures , the network consists of a first (hidden) laver of variahle
numhber of perceptrons  feeding a second (output) layer of size cgual to the numhber of
patholagics {41 groups in our stody, namely; fatty change, chronic hepatitis, cirrhegis
and control). Various hidden lever sives were used and the output was produced by a
hinary or a maximum response decision criteria to decide ong of the four pathologies.
'he algorithm used oo train thes  class is the M- Layer Back Propogation training
algorithm.  We had 100 iteration for learning. M5k was found to he (L1, The
learning factor was set to 0.3, the momentum Term was usod to acccierars training
sonvergence and was set 1o 0.7, We applied a sipmotdal activation for all aur neurons.
We had asize of 20 nearons inthe hidden layer ws the eplimal size that cave the least
MSE resuls.  We have built a special VO 5/W Tor image processing and antomatic
diagnosia tasks with a simple towse GUT (Graphice] User Interface).

I11. Testing the efficacy of the netwonrk:

1-Test the neowark after traming by classifying the samples [rom  the test set and

chtain the errar rate for the network by caleulating the percentage of the number of

mis-classilied samples o the total number of test samples.

2- Sensilivily, specificity and overall accuracy of the network were caleulpted.

Nensitivity i3 the proportion of subjects with the disease whoe have a prsitive test,

indicating hoow pond a test 1= al identifying the diseased.

I equals frrwe positieedtree positive + folse remalive) 3/,

Sereciffcity is the prepartion of subjects withoul the disease wha have a negative test,

indicades how good a test is at identifying the non-diseased.

[t equals firme pegativesfrue negative — falve posifivel 24/,

Avcurscy ol a variable is the degree to which il actually represents what i is intended

oy represenl.

It equals [irwe negative tirue positvedrae negative + Jalse posiive © e posifive
false negarives Faf.
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RESULTS:

The results of this study were stalistically analyzed and tabulated in tables |
theough table 18, Results of phase I (case siudy) are shown i table 1 through table 4.
Results of phase [ (tissue characterization) are shown in table 5 through table 15 and
the results of testing the efficacy of the neural network phase T are shown in table 16
thraugh table 18,

Tuble (1): Age distribation of 37 srofied subjects:

Pabicnts Control

M. {43 Ko, (11}
R.:LnEI: {5} 20-05 Ys. la-65 15,
bleian £ 500 0.0sd + 793 o+ 50

Table (2): Sex distribution of 57 studied subjecis;

Srx N, % Min Sh
Femalas 34 i i 1
Males 11 4.4 i 25

Tuble (3) Classification of the study groug gecardling to histopatholagical findings:

Findings Mo e
Eally changes |6 358
Chrosic hepatitis x: 459
& Chreonle Hepatitis, f 133
o (Chronic hepoiitls & faity carge 16 15.34
Cirrhosis I |
¢ Cirrftosis 3 .66
s Cirrhosisd futty change 4 .89
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Tabie f4) Clinfoad data in different pathalogical proups:

] Fatry change( /] Chromic hep {223 Cirrhosis {7 )
_Nn i Ma e {1 S
Sen b3

+ Nale I f.l T 318 3 429

= Female 15 237 15 £l 4 57
Overweight 13 [T T 616 g TER |
Jundice 0 i in 43. 5 714
Flovetaed ALT 1 | 364 3 425
Hep markers

G & 183 15 L2 , 4248

= ivellBeAh i i 1 455 Rl 0

=tyaHBgAg f 0 i ind b, 2k

=Ani-
HEYEHBY —ve 0 Q A hnd 2 2Ra
Serum lagd: =t
Elevetaed chaolest. 14 15 3 13.4 £ 42h
Elevated TG 10 85 3 136 | | 143 |
Elevated blood sugar | 1 158 ' 4.5 L 12

Tabler4) Femole 1o mals ratice an: high i all groups and highest smong fatty
group. According te body mass index (BMID |, overaeight patients

(BRI 23-30

Kgm/mZ2) were noted mainfy in fatty group (81 5% while in cirrhotic patients {7 1.4%)
overweight may assaciated with ocdema and  ascites. Jaundice is assocmoed mainby
with cirrhotic group (71.4%40) and with chronic hepatitis group (45.5%). Elevated ALl
is almost seen among patients wich chronic hepatitis and cirrhosis and only in one
patient with faty changes, The positivity of hepatitis markers were higher among
patients with chronie  hepatitis (68.2%,,4.5%%. 13,64 and 13.63% for HCY Ah.
HBcAb, [BsAz and bothB&C respectively) and cirthosiz {42.9%, 0%, 28.0% and
28.6% for IOV Ab, HBeAb, HBsAg and hoth B&AC respectivelyy Only 3 18.8%0) of
paticnts with  faiy cheanges  showed tve  HCV-ab,  Hypeclipidemia &
hypercholestrolemia were higher among patients  with Gatty chanpges than in chronic
heparitis and cirrhoais patients. Blood suger was mainly elevaled in Gty group.
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TubletSa): Measurements of mean gray fevel (MGL) fr 57 study subjects according
te fristopathological classification:

| Fatty change | Chronic hepatitis | Cirrhosis Control
MennLsh I g2ei a0 25.28-2.47 =550

23.33+£3.75

Fable(5hi: The P-value of mean gray fevel (MGL) in different pathological aud

Certtiro prrirepe s
= : | Famy | Ch. Hep. ] S Contrul
bl ) % .00 044 .000
Ch. Hep. 11— ¥ 0.50 [0
Cier 044 .50 o ol
| Cortral 5,000 | AR, 0.0l *

Table(3hiThe mean avay level (MGL) wes highest in the fatty group patients
then in chranic hepatitis and control group. Alse. in cierhotic patients the MGL was
significantly higher than conteel group subjects.

Tableftal: Measurements of % Th. Percentile in $7stwdy subjects aceording fo
feistoparhalogical classificarion:

| H.r.rz_-p_u_-{m;rgv Cleromic &qum.fﬂs Cirrlisis ' Contral
Mean=50 | 38151115 04 35.68-2.91 48142435 2RAL6I=43]
Tabletbhi: The P-valtue of 9 Th. Percentile in differcnt patlialagical and control
Ereips:
F:}Hp Ch. Hep ’ Cirr, | {Tnn;rul

Fetty . 002 0,019 U1

i_h, [iep. gz —— e i 063 .00

o 0.04 [0.563 i D00

Cantral 00 B U - - b

Tablel6byThe 9 ™ Percentile of the aray level was found significantly higher
in tamy, chrimic hepatitiz and cirthoties, when comparad to the conteol.
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Tablef 7y Measurements  of  contrast in 57 stody swbjects according fo
fristopathofopical classification:

ey cleange Clironic heparitis Crrrfrosis Conirol
Meant R0 49, 55=4,1% . 13=%.8 55.82+14.17 92T Y

Tahle Ta) Contrast {coarseness) was higher in cirrhosis thun chronic hepatitis
than futty than eontral groups.

Fablefl): The Povalue of contrast in different pathological ard control groups:

CPity Ch. Hep. Cirr.  Contrel
Farty = 01.59 L .4007
Ch. Hep. = = 043 0,005
Cirr. 1,50 o fkdd . .02
Contrel | G007 0,00 0.0z e

I'ahled 7l Contrasticoarseness) is only significantly higher in all pathological
graups when compared 1o control group.

Fubfef8a): Meavurementy of ASM i 57 sty

subjecty  according o
fristopatfdogical classificarion,

Faity change | Chronic hepaitis Cirrfeanis Caontrol
heanti0 000 R0 [ 03 3=0.00 0003 | =0.0:01 000 0 00 |

Fabfef8h): The Pvafae of ASM in different pathological and controf groups:

: | Fatiy Ch.Hep, | Cire. Control
Futty | ¥ R B 0.33
Ch. Hep. . e | I 0,47 —_0p]
Cirr. R 047 ' . .00
Cuntrul 033 0.1 0,000 .

Table (8biThe ASM was higher {mome homogeneous) amang tatty and
chronic hepatitis group than among circhotic aroup.
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TubleVai: Mensuremenes entropy (ENT.) of in 57 study suhfects aecording i
hivtapethologion! classiffcation.
| Fatry change | Chronic hepatits | Cirrhosis Conirol
[ MenntSD 5. 9= 505 SOR LIS 5.0 223 S A15L0.25605
Tahler@h): The Povalne of in different patholagical and controd groups:
' Faity Ch. Hep. Cirr. Control
Fully o .50 048 0.8
~ Ch.Hep (.59 ' 1.0 0,003
Cirr, .18 0.9 : OO0, -
| Contral 058 .0 000 "

Table[PhiEntrapy ( ENTY was s

cirrhotic groups .

lightly higher among chronic hepatitis and

Tablef ! 0a): Meavuremicnts of correfation in 37 sty suehjects wccording tv
Rivinpethofogical clussification:

Futfy change

Chromic hepotitis

Cirefosis

Contraf |

AMean+Sh

0131740, 155

L0002

0. 144 0T

0 I07L0RD |

Tablet 10b): The P-value of correlation in different priatfeerlagical qrd confrol gronps:

| Falty | Ch. Hep. Cirr. Control
Fuily : 059 .80 0.4606 -I
Ch. Hep. L ¥ 0.76 .53 _{

[ 080 0,76 . 0.4
Control .66 035 i il | %

Fable {11bY The cormrelation was [ound statistically indifferent  in all

atholagical aod control
P £

among cirrhatic patients

apaups. The correlation values were found to be a lircle higher
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Fuble(ilal: Measuremenis of aftesuasiion coefficient (Atten) in 37 study sablects
according to histopathological classificarion:

Fatty change Cirrhosis Conirol
Mean=sD (L ATOE0.055 AR 20 0 o Thesld 04

Table(11h): The P-value of atfensation coefficieni (After) in different pathofogical
and control groqps:

Fatty | Ch.Mep Cirr. Conirol
Fuity * 0.90 {0,000 .00
Ch.Hep. | 080 ¥ 0006 .00
Cirr. 0.000 | DODS_ . 0,694
| Control T 0000 | 0,000 (1654 ,

Tablel ]l 1bpAttenuation was found significantly higher in fatty group and
chronic hepatitis geoup than the contrel group and the eirrhotic group,

Tabfef? Ja): Measoresnenis of 1D in 57 stady sabfects geoarding to histopathofosical

classificadfin:
Fanty change |  Chronic Sepaiiiis Cirrfrosis Contrid
Pl L SEY A5 ETL25 08 47, ek | 4006 81 872147 48 07T+24 854

Tablef 1 2h) The P-valfue of 10 ix different patholegical and confrol grosps:

Fatéy Ch. Hep, Cirr, Control
- Faty . 0.24 057 0.42
Ch. Hep. (.26 ' .14 0.963
Cirr. 0.57 0.14 . 0.22 i
Condrol 0.42 963 (22 | ' :

Table{ 12adb)The [ value was found rather similar in all grovps | No
statistically significant difforence was found between groups,
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Tablef ! 3a): Measirements of 185 in 57 sty sufifects according to frivtapethologiced

cfassification:

Futty change

Chronic hepatitis

Cirrfronds

Caniref

WeantsD

e o

it L D

7% 24524 .2

G55.95= 10140

Tublef138) The Povilie of I8 in different pathological and control gronps:

' i Fatly Ch. Heps. Cirr. Coniril

__ Fatty ' 0.8 .51 0400
Ch. Hep. 01.0% ’ n.71 0100

| Cirr. (.51 0.71 ? 0.u1s

[ Contro) 0.0 (0,011 0010 g

‘Tuhle 130) The 15 was significantly ditferent between the pathological proups

and the contrel

proLpl

Tuhlef{4u): Measurements speckie separation of in 57 sieeedy sabjects gecordineg 1o
Ristapaifrofogical classificarion:

Faity chunge

Chronic hepatitis |

Cirrlrosiy

Comtrol

Meun=51}

el e

Fal

2316057 ]

ETIAES33

| B32+0LGH3

Tahle(i4hi: The P-vafue of in differcat pathalogical and confrol grasps:

T Fatty |  Ch.Hep Cirr. Control |

Fatty # I 0150 0.2z 0.34 _|

| Ch. Hep. .59 ; 0.7 0.5 .
Cirr. 0.22 .17 4 n.03

Comkral .34 [ .0 x5 » =]

‘Tahle{ 14§ The speckle separation distance was found tn be higher in
cirrholics and chronic hepatitis graup than in farty and contral groups.
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Tabfeff ¥u): Measuremenis of speckle separation of 37 sindy subjects according to
fivtapatfiological claxsification

: Fatty changes [ Chronic Hl:'p;ti' | Cirrhosis LContral
Meant5D | 2.156+1.05 2.316+057 27140923 | B32+0.683

Tablef1 58] The P-vadiee af speckio separation in differcnr privofogicalfend conirel

Branp.
Fatty Ch:Hep. | Cirr. Contraol
Fatry ¥ Bsh ;22 .34
" Ch. Hep. 039 + .17 e s
Cirr. 022 ni7 ¥ A 0,12

Control .34 .05 1
Tablei 15b) Ne siatistically significant difTerent between all proups.

Table rla): The revalis of testing the efficacy e aeural network in dleerosiz of
frafringy set,

| Graup Mo of recopnized coses Mo. of unrecagnized cases
Fatty aronp (1) L " T W%
" Chromic hepatitis 92,73 7.3%
arpup {12}
Cirrhosis gronp (4 L0 1%
Cantral gruﬁ]:l {6} L00% 0%

Tablef 16} showed that the ability of the net work classifier for recognition
wast¥4 in fatty changes 92.7% in chronic hepatitis and 100% in circholic and control
ELOUPS.
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Table (170 The resalts of testing the efficacy the nesrad metwerk i dimgosis of fest

sef,
Gnp ‘Mo of recopnized cases No. of unrecognized coses
Fatty proup (6) 8145 16,6804
¢ hromic heputitis 0%, 10
graup {10} I
Cirrhosis group (3} [ 0% (1%
I_'l'_‘umrnl. aroup (4] 10 | 0%

Table {1 7y Showed that the abilily of the net wirk classifier tor necognition
new cases, was 81.4% in fatty group, 90% in chranic hepatitis, | HI% in eirrhotic asd
gontrol proups.

Tuble (185 Assessment of sensitivity, specificity and accuracy af the newral network
in the diagroosls of bright Hver coses.

Sensifivity | Epecificiiy ARCURICY
"'Traiuing st W2 0% | L0 G375 |
test set 89474 | 100G 91.3%
“Overull FTNEED 160 G TE%

DISCUSSION :

Il was reperted that various causes of bright liver inclode cirthiosis, chronic
heparitis, severe  long  standing cardiae  tailure, diffuse ymphoma, dilfuse
hepatocellular carcinoma, glycogen storkpe disease and hemochromatosis (Skelnick
M., 1986). Among 41 Egyptians parients with ulrasanically derecled bright liver,
cirthinsis was found in (12.2%0), chronic hepatitis in (51.22%), Malty Tiver in {34.15%)
and granulomatous hepatitis in (2.43%) (Ahmed L. et al., 1993). This sty included
45 patients with biopsy-proven liver disense together with 12 healthy qubjocts 45 a
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control. Based  on the results of hiver biopsy and ultrasenographic findings, they were
classilied into 4 groups;  fatty change proup (28%), chronic hepatitis groop {38.6%),
cirrhotics 1 2.3 and contralz (21%].

In this study, the mean proy level (MGLY was highest in  the farty group
panents {the brightest images). 1L was significantly higher in the fatty group patients
than in chranic  hepatitis and control group . Also, in eirthetic patients the mean gray
levels were significantly higher than control group subjeets. The g percentile of the
gray level was found significantly higher in fally, chronic hepatitis and cirthotics,
when compared ta the control group . Similar results were observed by Haberkorn et
al (1994}, they reported increase of the first order gray level seatistics which correlated
well with the structure as well as brightness of the ulrasaund image in biopsy proven
cirrholic and fatlty patients.

Layer ef al. (1791} showed] that the mean pray level comelates better wich
total lipid content than with the amount of connective tissue. Furthermaore, they
demenstrated, in vitro study, that conneclive Lissue leads omly 1o a weak inercase in the
mean gray level, whereas the addition of connective tissue o a piven Lissue Hpid can
lead 10 & reducticn i image brighiness.

The parameters taken from the histogram can not he nsed to quantify the
numher, size and onentation of localized texture structures in the image due o lack of
spatial information. That is why we need parameters from the co-occurrence matrix
which s a owo-dimensional histoeram characterizing the occurrence oray level
coinbinations in pairs of spatially related pixels (Layer ot al., 1990,

In this study, contmst. entropy, comrelation and anpular second moment were
extracled [rom the co-occurrence matrix. Thess parumeters measure not only the
ovcurrence  [reguencies ol pray levels but olso used the spatial interdependencies
belween the imape elements | pixels).

Conerast defines the coarscness of texture, Frequently ocourring large gray
lewel ditferences increase the contast value, whereas soft texture resulls in small
contrasl value (Racth et al, 1985). [0 was hioher in cirthosis and chironic hepatitis
group than fatty and contrel grooups. This may be due (o large gray level difference
between fibrous tissue and surrounding parenchyma in cirrhotic patients.
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Angular second moment{ ASK) and entropy characterizes the distribulien of
co-occurrence matrix in & gray level-independent way. Angular second moment
joreases when the co-ocourrence matriz values are clustering around a major pray
level ransition. This corresponds to a situation where only a small number of different
aray level transitions exist {ie, homopeneity ). Among car patients the A%k was
hiaher (more homopeneous} among Aty and chronic hepatitis group than among
cirrhotic proup (see table B) Entropy measures the homogeneity or uniformity of the
image clements (pixels) and therelore it increases with imcreasing coarseness of the
image texture {Raeto ei al, 1983). 50, it was suspected to be significantly higher m
cirhotic group due to the coarse lexmire. However, it was slightly higher among
chronic hepatitis  and cirrhotic groups . This may be due the majority of putients were
in the early stages and cases with coarse echopatten were excluded,

Corelation measures the lincarity of the relationship of the gray levels in d-
related pixels. In homogeneous texfure the transitions in the difference belween the
pray levels between neighhoring pixels are little {i.c. low correlation values). while in
coarse texlure, the transitions of pray levels ave frequent (i.e. high correlation values)
{Badawi ct al., 1996). In our study the correlation was found statistically inditTerent in
all patholoeical and contral groups . However, the comrelation values were found 10 be
a little higher among cirrhotic patients. These results may also be due to the early
cirrhatic cases found,

Aftenuation is simply the loss of energy of an ultrasound signal as it is
propagated through tissuc. In this study, the estimated mean attenuation value for
contral cases was 0.476=0.04 dBlem Mz . The attenuation of normal  liver has
aenerally been reporied o he between 0.5 and 0.6 dBiem M1z, Higher values for
attenuation were reported in the early literature yet rather recent literature suggested
that attennation in normal liver is approximately 1.3 dR‘cmMHz (Garra, 1991).

In vive work by Lin et al. (1988) deman strated that both fibrasis and fatty
infiltration  produced  increased atienuation. In this study, Attenuation was found
significantly higher in fally group and chromic hepatitis group than the control group
and the cirthotic group, These results are in agreement with Parker et al, (1983ad:h)
wha confimed elevated attenuation in famy bivers and sugzested that fibrosis could
also produce elevated attenuation values. Also, Carra (1991) suggested that elevated
aftenuation in cirthotics be primarily due to concomnitant farty infiliration with fibrosis,
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plaving a smaller role (il any]).

On  the ather hand, Lin et al. (1988) stated that circhotics had clevated
attenvation values. In swmumary, atlenuation sstimation has made it possible 1o
scparate normal livers from certain disease states. Unfortunately, in the liver, elevated
atienuation appears o be priemarily related o fatty imfiltration rather than the more
important  changes of inflarmmaltion and fThrosis. This severcly limits the usefulness of
attenation estimation Tor the characierieation of liver disease

The granular fexture of wltcasonic mmages has hecome known as ultrazcnic
speckie, The fissue scalters vary in sioe and shape and those different soructures have
varving degrees ol spatial order. A simple biclogical scattering medivm is blaod
wigre the scatfers are small and completely disordered, Uirasonic hackscatter frhom
this type of material is known as Ravleigh (random) scattering in which a histogram of
pixel infensitics af random (ditfuse) scarters (1d) follows o characteristic distribution.
In addition o random scatlers, most biological Dssues also have another twa types of
non-randem (specularc) scatlers: those of one tepe are ordered over very short distances
such as those composing the walls of blood vessels and organ. the second rvpe ane
organized over lenger distances and contribute o specular buckscatter intensity (1)

Tissue chamucterization fealures based on the  relolive contribations of
intensities from difluse scotters and speculer scallerers may be estimated vsing the
average aulocorrelation function. From the autocorrelation function and speckle power
specrrinm §d and Is are obtained. These quantitics have heen tested on patient data and
have been found te be useful for separating normal from diseased liver tisspe
{Wapgner, 1987).

Coarra, (198%) found that Ts/d {the ratio of specular to diffuse bachscatter
ntensities) i A measurg of the variability in the specular component (e detect various
oypes of diffuse liver diseases. However, in cor study no statistically  sipnifcant
difference hetween patholoagical proups wore observed.

The speckle separation distance is the average distance between regularly
positicned specular scatters (mean scamerer distange), It can be measured from the
speckle power spectrum .
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In this study, the speckle separation distance was tound to be higher in
cirhetics and chronic hepatitis group than in fatty and control groups, This was
similar 1o tesults chtained by Fellingham and Sommer (1984). They found that the
mean sealler spacing was significantly increased in patients with liver cinhosis when
comparcd {0 healthy subjects. This was explained by the coarse texture observed in
these cases. These results arc also similar 1o these obrained by Sueuki et al. (1991)
who found that The spaces hetween scallerers for liver cirthosis was significantly
larger than that for chronic hepatitis and nonspecitic chanpe.

The sensitivity (91.11%), specificity (100%) and accuracy (%2.72%) abtained
i this study for diagnesis of diffuse Tiver diseases presented by bright liver in their
ultrasanic  cxamination i3 greater than the results obtained by conventional
ultrasonography  (70%). and comparahle to resulls obeained hy computer assisted
studies for authors as; Rath et al. (1984) reported {(B5%0,95%.90),, King ot al. (1985}
reported (88%, 100%,95%%), Schuster et al, (1988) reported (94-97% K7-100%0,90-
QRS

We concluded that compuier-assisted sonographic rissue characlerization
using the neural nerwork classifier is o sensitive and specific technique for separating
diffuse liver disease namely; fally, cirrhotic, chronic active hepatitis cases with
witrasonically detected bright liver from control cases. We may recommaend to incredse
number of cases and number of pathological classcs  for example mixed liver
pathology so as to increase sensitiviry, specificity and averall accuracy which may
replace histopathalogy in the fuure. We also recommend the application of this
computerized svstem for automatic diagnesis of focal liver diseases.
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