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ltoh’s Ultrasound Labo.

e Today | will present of the
studies of the quantitative
diagnosis using ultrasound in
my US Labo. with my co-
workers.

e Nobuyuki Taniguchi, Kiyoka
Omoto, Yasutomo Fuijii,

e the others

\




Tissue Level Informations(1)

* Needle Aspiration Biopsy, Cytology
e Optical Microscope
Acoustic Pattern & Pathological findings
of the Breast Carcinoma
e Electron Microscope
e Acoustic Microscope
US-pattern & Acoustic Microscopic Findings
of Liver Carcinoma






Aspiration Biopsy

* The break-through episode of needle aspiration biopsy was to the
Pancreatic Carcinoma under ultrasonic guidance by Hancke, Smith
and Kouichi Itoh. After this episode the method of aspiration biopsy
under ultrasonic guidance developed all over the world.

* We can take a specific finding by aspirated cells.
Adenocarcinoma, Plattenepithel carcinoma, and so on






Scanning Acoustic Microscopy

 We investigated the tissue characterization of liver carcinoma using a
scanning acoustic microscope(SAM).

* SAM shows the increase or decrease of attenuation in the tissue level.
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SAM.,

Carcinoma cell ~_ Normal

..........

Bleeding

Necrosis
Fibrous tissue

Calcification
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Tissue Level Informations

e Acoustic Tissue Characterization

* Blood Flow Information
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Quantitative Diagnosis using
Ultrasound

% Informations of the Tissue level

* Acoustic Physical parameters
Acoustic impedance, Sound velocity,
Attenuation, Elasticity,

* Quantitative analysis



Tissue Level Informations

e Ultrasound Tomography

* Blood Flow Information



PATTERNS OF BREAST TUMOURS
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Hydroxyproline content (mg/g of tissue)
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Correlation between hydroxyproline con-
tent and sonographic classification in 88
breast cancers. We have divided breast
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posterior echoes intensity and also as-
sayed hydroxyproline content in each

case.
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Correlation between hydroxyproline con-
tent and histological classification in 88
breast cancers. We have divided breast
cancers into 3 classes according to his-
tological classification and also assayed
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Comparative findings of US and Pathology

 There are many papers comparating between US and Pathology

e Breast Cancer has the specific findings of posterior echo
e Metastatic Liver Carcinomas has the characters of primary focuses
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Comparative findings of US and Pathology

 There are many papers comparating between US and Pathology
e Breast Cancer has the specific findings of posterior echo

e Metastatic Liver Carcinomas has the characters of primary focuses



Tissue Level Informations

e Ultrasound Tomography

* Blood Flow Information



Quantitative Diagnosis using
Ultrasound

<Tissue Characterization>
* Acoustic parameters
Acoustic impedance, Sound velocity,
Attenuation, Elasticity,
* Information of tissue level
* Quantitative analysis



Tissue Characterization

1;Informations of the Tissue level
2;Acoustic Physical Parameters
3;Quantitative Analysis
** Acoustic Characters
1:Uniform Substances
2;Statistic Characters
3;Dynamic Characters



Acoustic Parameters

e Acoustic Velocity
e Attenuation
Absorption,Refraction, Reflection,Scatter,
Frequency-Dependent-Attenuation
 Elasticity
e Blood Flow

e Acoustic Impedance : pC
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Fig.3 L values of the salivary glands. Parotid

glands show relatively stable L value
through time, while L value of sub-
mandibular glands increases with age.

Lp-Ls
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.4 Correlation of Lp-Ls and age. Clear
negative correlation was demonstrated
between Lp-Ls and age. (Correlation
coefficient ; —0.85 ; p<0.01). A indicates
a patient with submandibulitis ; W,
mean value and standard deviation of
control adults.
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Measurement of Characters using Co-occurrence (FlF £ #£1751)
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a1
Px(i) = ZPa(i,j) . Py(i)= ZP2(i,j) i=0,1,~,n-1
j=0 =0

1. angular second moment n1 n-1

X (Pa(l)) )2
i=0 j=0
2. contrast n-1
Z k2 - Px-y(k)
k=0

3. correlation n1n1

Z Zi-|-Pa(i)) -
E0 j=0

ax - py

Ox Oy
n=1 n=1
EEC px= ZIPxl) ny = Z)Py)
=0 =0
n-1 n-1
Ox2 = X (I=- ;x)2Pxl) ay2 = X (|- ny)2P«))
=0 o
4. sum of square:variance n-1n1
ZE(I-mx)2-P3(i))
_ . =0 =0
S. inverse difference moment 1 n1
EZ P3(L!{1+0-))2)
=0 =0
6. sum average n-2

L k = Px+y(k)
k=0

S RTD > DEBEDEE &

-1 m-1
Pxsy(k) = Z ZPs(i,j)
i=0 j=0 ,isj=k
B-1 m-1
Px-y(k)= X ZPs(i,j)
=0 j=0, |ij|=k
7. sum variance 22
ZE (k-sum average)2 - Px+y(k)
k=0
8. sum entropy 22

= X Px+y(k) = log{ Px+y(k) )
k=0

i=0,1,= 202

i=0,1,= n-1

9.entropy  e-1m1
- Z Z P3(l)) - ogl P3(i,))}
i=0 j=0
10.difference variance
n-1 a1
Z(k- X k - Pxy(k)}2 Pxy(k)
k=0 k=0

11.diference entropy n-1
- Z Px-y(k) - log{ Px-y(k))

k=0
12.information measure of correlation
HXY - HXY1
max( HX, HY }

13.information measure of correlation
[ 1 - exp{ -2.0(HXY2-HXY)j] 12
14.maximal correlation coefficient

Q@ 2ZHEX2 0EHE
n-1 P3(ij=k) - Pa(k))
REL.Qp= =

k=0 Px(i) - Pv(l)
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Quantitative Diagnosis using
Ultrasound

<Tissue Characterization>
* Acoustic parameters
Acoustic impedance, Sound velocity,
Attenuation, Elasticity,
* Information of tissue level



my
27¢.9

RF-RAW # 1 _83/89/14 1/1




Short Time Fourier Analysis
Spectral-shift mean-frequency
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Tissue Level Informations

e Ultrasound Tomography

e Acoustic Tissue Characterization
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JICHI MED 1Dt YIRS “97/04/10
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The ultrasound image is shown on the moniter,and
the ROl is deliniated in the lesion or the site to be
examined.Arrows are placed on the two adjacent R
wave of the electrocardiogram simaltaneously
shown on the moniter. The computer then
automatically calculates the total strength of
Doppler signals per cardiac cycle in the ROI.

ISS

F=I:zamm

Equation for determing in total signal strength of accumulated Doppler signals
during one cardiac cycle in the ROI.

One Cardiac Cycie

Schematic drawing of the equation




Microcapillary dencity index (%)

15 cases of Follicular Tumor
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Volume measurement

* Cardiac function;
Ejection fraction, Cardiac output,
LV-volume, LV-muscle volume,
LV-fractional shortning, MeanVcf,
etc.

* Volume rendering of OB/GY

* Growth parameter of fetus



Image Capturing System

Ultrasonic Ult :
rasonic
DiagnC)SiS Images Frame Grabber

: (Data Trans. Co.
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PCI Bus
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Malignant Tumor

Original pixel data Voxel data

e — i - -v"h‘r“,.‘_'_,,‘, t ] " | "'ﬂ ﬂ![ |

Grade of boundary Classified region

/j oy

Grade of tumor Grade of normal tissue

Extracted tumor 3D surface image



tracted Tumors

Malignant tumors Benign tumors



100%

Surface:1.858455
Volume:0.880597
SN-Ratio:2.000761
Depth:0.307613
Width:0.278983
DAN-ratio:1.10431
Minkowski:2.000761

50%

3-D tumor image

Automatic Evaluation
Malignancy Probability &2 %

0%
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Taloyo hlstropolitan Thdwr,
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