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(57)  In a method for identifying a living tissue in an
ultrasonic diagnosis, the elasticity of a living tissue to be
diagnosed is measured for each local small area by us-
ing ultrasound. Elasticity data for each kind of known
living tissue is composed of an elasticity modulus fre-
quency histogram in each local small area for each kind
of living tissue and is managed in a data library. Regard-
ing the elasticity data serving as the measurement re-
sults, the kind of living tissue to be diagnosed is identi-
fied by using the elastic data for each kind of known liv-
ing tissue.
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Description
Technical Field

[0001] This invention relates to a method for identify-
ing a living tissue in an ultrasonic diagnosis and an ul-
trasonic diagnosis system, and more particularly to a
method for identifying a living tissue in an ultrasonic di-
agnosis, in which ultrasound is used to carry out a diag-
nosis of a lesion on a living tissue according to a nonin-
vasive measurement, and an ultrasonic diagnosis sys-
tem, thereby the kind of tissue such as a lipid-rich (or
fatty) area, a thrombus area, an elastic fiber, a collagen
fiber, and a calcified area is identified and is displayed
in an effective manner for a diagnosis of a local lesion
such as an atheroma in a blood vessel.

Background Art

[0002] Until now myocardial infarction, angina pec-
toris, cerebral infarction, and so on have been consid-
ered to be the development of a stenosis on a blood ves-
sel which perfuses organs. However, it has become ev-
ident that these diseases are caused by the susceptibil-
ity of an atheroma to rupture. The atheroma is a blood
wall disease. Actually according to a clinical examina-
tion of a cholesterol-lowering agent used worldwide, the
remarkable effect of improving a survival rate and pre-
venting myocardial infarction is obtained even through
the stenosis of a blood vessel hardly changes. This is
because the agent stabilizes an atheroma as a tissue.
In consideration of this fact, a method for examining the
susceptibility of an atheroma to rupture (susceptibility to
rupture) has been demanded. A conventional method
such as X-ray CT, MRI, and angiography cannot carry
out such an examination.

[0003] For example, in view of an accurate measure-
ment on a blood vessel disease, conventional echocar-
diography M-mode just has a resolution of 1 mm. Simi-
larly when the vibration of an aorta is determined as a
displacement velocity by conventional Doppler method,
conditions for accuracy are theoretically satisfied but the
pulsation of a blood vessel greatly affects in reality.
Thus, it is difficult to extract a small vibration superim-
posed to a relatively large amplitude. Hence, research-
ers including the inventor have developed a phased
tracking method whereby a small vibration on a beating
heart and a large blood vessel is remotely measured by
ultrasound and an elasticity modulus of a blood vessel
wall can be calculated on a given spot. Thus, it is pos-
sible to accurately diagnose the susceptibility of an
atheroma to rupture (Reference Documents 1 to 5).
[0004] The following are reference documents:

1. Kanai H, Hasegawa H, Chubachi N, Koiwa Y,
Tanaka M.

Noninvasive evaluation of local myocardial thicken-
ing and its color-coded Imaging. IEEE transaction
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UFFC. 1997; 44: 752-768;

2. Hasegawa H, Kanai H, Hoshimiya N, Chubachi
N, Koiwa Y.

Accuracy evaluation in the measurement of a small
change in the thickness of arterial walls and the
measurement of elasticity of the human carotid ar-
tery. Jpn J Appl Phys 1998; 37: 3101-3105;

3. Kanai H, Koiwa Y, J. Zhang

Real-time measurements of local myocardium mo-
tion and arterial wall thickening. IEEE-transaction
UFFC. 1999; 46: 1229-1241;

4. Japanese Patent Laid-Open No. 10-5226; and
5. Japanese Patent Laid-Open No. 12-229078.

[0005] The phased tracking method will be schemat-
ically described below. The phased tracking method is
a new bioinstrumentation for measuring a small vibra-
tion velocity on a cardiac wall and a blood vessel wall.
This method makes it possible to accurately measure a
vibration of 500 Hz or less and 0.01 mm and a change
of 10 microns on a wall. With this method, for example,
small velocities on a plurality of measurement points be-
tween the layer (or layers) in the arterial wall or on the
wall of an arterial vessel are determined by ultrasonic
Doppler method, and the small velocities on the meas-
urement points are subjected to time quadrature, so that
a time change in the positions of the measurement
points can be calculated. Since a change in layer thick-
ness can be determined by the time change in the po-
sitions of the measurement points, the elasticity modu-
lus of the layer can be obtained, thereby estimating sus-
ceptibility to rupture.

[0006] Actually as shown in FIG. 17, an arterial intra-
mural measurement point on an ultrasonic beam 91 is
set at (i) and a measurement point with the subsequent
depth is set at (i+1). Small vibration velocities v,(t) and
vi;+1(t) on the measurement points are determined and
a difference between the small vibration velocities is
subjected to time quadrature, so that a change Ah(t) in
layer thickness between the measurement points (i) and
(i+1) in the arterial wall is determined. Reference numer-
al 92 denotes a plaque.

M= [ ® v, Ot

[0007] The simplest method for converting the
change into an elasticity value for each layer in the ar-
terial wall is performed as follows: a wall thickness is set
athd and a change in thickness is set at Ah at the lowest
blood pressure where a wall thickness increases, a
pulse pressure at a cuff pressure on brachial artery is
set at AP, and a wall elasticity modulus is measured for
each layer in the following manner.

[0008] Based on athickness change (Ah) of each lay-
er from the intima to the adventitia of a blood vessel, an
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elasticity value (En) of each small part (n) in a blood ves-
sel wall atheroma is determined by the formula below.

En = (AP/(Ah/hd)n)

[0009] With this phased tracking method, itis possible
to measure an elasticity value for each layer along the
depth direction in a blood vessel wall approximately eve-
ry 0.75 mm to 0.075 mm on an ultrasonic beam, thereby
displaying a tomogram based on the elasticity values.
[0010] In a clinical diagnosis using the phased track-
ing method, when an elasticity value is examined for
each layer of a blood vessel wall, the elasticity value
ranges from 100 to 2 MPa in a normal person. However,
in the example of an atheroma, elasticity values are not
evenly distributed. It is understood that fundamentally a
physically soft portion is present in a thrombus and is
covered with a hard portion. In addition, various patterns
are present in the tomogram of an atheroma. For exam-
ple, an extremely soft substance is exposed on the lu-
men of a blood vessel without continuity on a capsule
of a hard surface, and a substance having a large elas-
ticity value almost entirely covers a surface. Elasticity
values in an atheroma are distributed from 0 to 4 MPa.
Further, according to the examination results on the cor-
respondence of a lipid-rich layer and a collage fiber in
an extracted blood vessel and elasticity values in the
phased tracking method, there is a probability that the
tissue image of a collagen fiber covering an atheroma
can be separately displayed from a tomogram of elas-
ticity values, the tomogram being obtained in a nonin-
vasive manner.

[0011] It is an object of the present invention to pro-
vide more specific information displayed in a tomogram
and to identify the kind of living tissue such as a lipid-
rich area, a thrombus area, an elastic fiber, a collagen
fiber, and a calcified area in an ultrasonic diagnosis of
a living tissue such as a lesion on a blood vessel.
[0012] It is another object of the present invention to
identify the kind of living tissue such as a lipid-rich area,
a thrombus area, an elastic fiber, a collagen fiber, and
a calcified area by using a shear elasticity modulus and
a shear viscosity in an ultrasonic diagnosis of a living
tissue such as a lesion on a blood vessel.

Disclosure of Invention

[0013] A method for identifying a living tissue in an
ultrasonic diagnosis and an ultrasonic diagnosis system
according to the present invention are realized in the fol-
lowing structures.

[0014] The method for identifying a living tissue in an
ultrasonic diagnosis according to the present invention
includes measuring at least the elasticity of a living tis-
sue to be diagnosed in each local small area by using
ultrasound; managing, in a data library, at least elasticity
data for each kind of known living tissue, the elasticity
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data being composed of an elasticity modulus frequency
histogram in each local small area for each kind of living
tissue; and identifying the kind of living tissue to be di-
agnosed, at least regarding the elasticity data serving
as measurement results, by using the elasticity data for
each kind of known living tissue.

[0015] Further, the method for identifying a living tis-
sue in an ultrasonic diagnosis preferably includes excit-
ing a vibration on a measured part of the living tissue to
be diagnosed; measuring a shear elasticity and a shear
viscosity of the excited living tissue to be diagnosed in
the measurement using ultrasound; managing viscosity
data for each kind of known living tissue in the manage-
ment of the data library, the viscosity data being com-
posed of a viscosity frequency histogram in each local
small area for each kind of living tissue; and identifying
the kind of living tissue to be diagnosed, regarding the
elasticity data and viscosity data serving as measure-
ment results, by using the elasticity data and viscosity
data for each kind of known living tissue in the identifi-
cation of the kind of living tissue to be diagnosed.
[0016] Further, the method for identifying a living tis-
sue in an ultrasonic diagnosis according to the present
invention, wherein the vibration on the measured part of
the living tissue to be diagnosed is preferably excited by
a turbulent flow component or a vortex component, the
components being generated by a time change in a
pulse of a pulsatile flow in a blood vessel.

[0017] Moreover, the method for identifying a living
tissue in an ultrasonic diagnosis according to the
present invention, wherein the vibration on the meas-
ured part of the living tissue to be diagnosed is prefer-
ably excited by a vibration percutaneously applied to a
part away from the measured part from the outside of a
body.

[0018] Additionally, the method for identifying a living
tissue in an ultrasonic diagnosis according to the
presentinvention, wherein in the management of the da-
ta library, each kind of known living tissue is preferably
mapped on a two-dimensional plane having axes rep-
resenting a shear elasticity modulus and a shear viscos-
ity.

[0019] Besides, the method for identifying a living tis-
sue in an ultrasonic diagnosis according to the present
invention, wherein the living tissue to be diagnosed is
preferably a living tissue on a heart, a blood vessel, and
SO on.

[0020] Further, the method for identifying a living tis-
sue in an ultrasonic diagnosis according to the present
invention, wherein the kind of known living tissue pref-
erably includes a lipid-rich area, a thrombus area, an
elastic fiber, a collagen fiber, and a calcified fiber.
[0021] Moreover, the method for identifying a living
tissue in an ultrasonic diagnosis according to the
present invention, wherein the local small area serving
as a unit to measure the elasticity of the living tissue to
be diagnosed is preferably several tens to several hun-
dreds square microns.
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[0022] Besides, the method for identifying a living tis-
sue in an ultrasonic diagnosis according to the present
invention, wherein the kind of living tissue to be diag-
nosed is identified using the elasticity data serving as
measurement results, and the identification is preferably
performed by referring to the elasticity data for each kind
of known living tissue, the data being extracted from the
data library, and determining the kind of known living tis-
sue having the minimum distance.

[0023] Moreover, the method for identifying a living
tissue in an ultrasonic diagnosis according to the
present invention, wherein the kind of known living tis-
sue having the minimum distance from the elasticity da-
ta serving as measurement results is preferably deter-
mined by using Bayes decision method for dispersion
and an average value of the elasticity moduli determined
from the histogram of elasticity data on each kind of
known living tissue.

[0024] Additionally, the method for identifying a living
tissue in an ultrasonic diagnosis according to the
present invention, wherein an electronic chromatic fig-
ure is preferably generated and displayed so as to iden-
tify in colors the kind of living tissue to be diagnosed,
the kind of living tissue being identified for each local
small area.

[0025] An ultrasonic diagnostic system of the present
invention, in which at least the elasticity of a living tissue
to be diagnosed is measured for each local small area
by using ultrasound and a tomogram is displayed, the
system includes a data library for managing at least
elasticity data in each kind of known living tissue, the
elasticity data being composed of an elasticity modulus
frequency histogram in each local small area for each
kind of living tissue, and a tissue identifying unit to iden-
tify the kind of living tissue to be diagnosed, regarding
at least the elasticity data serving as measurement re-
sults, by using the elasticity data for each kind of know
living tissue.

[0026] Further, the ultrasonic diagnostic system pref-
erably includes exciting means for exciting a vibration
on a measured part of a living tissue to be diagnosed,
wherein the data library further includes viscosity data
for each kind of known living tissue and manages the
viscosity data for each kind of known living tissue, the
viscosity data being composed of a viscosity frequency
histogram in each local small area for each kind of living
tissue, and the tissue identifying unit identifies the kind
of living tissue to be diagnosed, regarding the elasticity
data and viscosity data serving as measurement results
of the excited living tissue to be diagnosed, by using the
elasticity data and viscosity data for each kind of known
living tissue.

[0027] Moreover, the ultrasonic diagnostic system of
the presentinvention, wherein each kind of known living
tissue is preferably mapped on a two-dimensional plane
having axes representing a shear elasticity modulus and
a shear viscosity.

[0028] Besides, the ultrasonic diagnostic system of
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the present invention, wherein the living tissue to be di-
agnosed is preferably a living tissue on a heart, a blood
vessel, and so on.

[0029] Additionally, the ultrasonic diagnostic system
of the presentinvention, wherein the kind of known living
tissue preferably includes a lipid-rich area, a thrombus
area, an elastic fiber, a collagen fiber, and a calcified
fiber.

[0030] Further, the ultrasonic diagnostic system of the
present invention, wherein the local small area serving
as a unit to measure the elasticity of the living tissue to
be diagnosed is preferably several tens to several hun-
dreds square microns.

[0031] Moreover, the ultrasonic diagnostic system of
the present invention, wherein the tissue identifying unit
preferably has identifying means which refers to the
elasticity data for each kind of known living tissue, the
data being extracted from the data library, and deter-
mines the kind of known living tissue having the mini-
mum distance, for each elasticity data serving as meas-
urement results in each local small area.

[0032] Besides, the ultrasonic diagnostic system of
the present invention, wherein the identifying means
preferably determines dispersion and an average value
of the elasticity moduli from the histogram of elasticity
data of each kind of known living tissue, the data being
extracted from the data library, and the identifying
means performs identification using Bayes decision
method.

[0033] Additionally, the ultrasonic diagnostic system
of the present invention, wherein the tissue identifying
unit has electronic chromatic figure generating means
for generating an electronic chromatic figure so as to
identify in colors the kind of living tissue to be diagnosed,
the kind of living tissue being identified for each local
small area.

Brief Description of Drawings
[0034]

FIG. 1 is a schematic structural diagram showing
an ultrasonic diagnostic system according to the
present invention.

FIG. 2 is an explanatory drawing showing the gen-
eration of an elasticity modulus tomogram, and es-
pecially FIG. 2A shows one scanning position of an
ultrasonic beam, FIG. 2B shows the calculation of
displacement waveforms, FIG. 2C shows a thick-
ness change waveform, FIG. 2D shows an elasticity
modulus tomogram, and FIG. 2E shows the overall
flow of the generation of an elasticity modulus tom-
ogram.

FIG. 3 is a schematic diagram showing the creation
of an elasticity data library.

FIG. 4 is a flow showing tissue identification.

FIG. 5 is a diagram showing the measurement re-
sults of elasticity moduli of a fiber tissue.
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FIG. 6 is a diagram showing an example of tissue
identification (71-year-old man).

FIG. 7 is a diagram showing an example of tissue
identification (52-year-old man).

FIG. 8 is a schematic structural diagram showing
another ultrasonic diagnostic system according to
the present invention.

FIG. 9 is a conceptual drawing showing a vibration
excited on a blood vessel wall.

FIG. 10 is a conceptual drawing showing a vibration
excited on a blood vessel wall.

FIG. 11 is a diagram showing an example of a wave-
form of a small vibration velocity v(t) on a blood ves-
sel wall.

FIG. 12is a diagram showing a power spectrum ob-
tained by frequency analysis.

FIG. 13 is a diagram showing a tomogram, and es-
pecially FIG. 13A shows a tomogram of attenuation,
and FIG. 13B shows a tomogram of a phase veloc-
ity.

FIG. 14 is a diagram showing a tomogram, and es-
pecially FIG. 14A shows a tomogram of a shear
elasticity modulus, and FIG. 14B shows a tomo-
gram of a shear viscosity.

FIG. 15 is a diagram showing an example of the da-
ta library where tissues are mapped on a two-di-
mensional plane.

FIG. 16 is a conceptual drawing showing an exam-
ple of a tomogram having undergone electronic
dyeing. and

FIG. 17 is a diagram showing an image of elasticity
modulus distribution of an atheroma on a carotid
wall.

Best Mode for Carrying Out the Invention
[Embodiment 1]

[0035] In this example, the conventional problem is
solved as follows: based on findings that tissues such
as a lipid-rich area, a thrombus area, an elastic fiber, a
collagen fiber, and a calcified area that are found on a
blood vessel wall are different in hardness according to
tissue characteristics, the frequency distribution (histo-
gram) concerning an elasticity value for each kind of tis-
sue is acquired beforehand and is managed in a data
library, each local elasticity value obtained in an ultra-
sonic diagnosis is compared with the frequency distri-
bution of the elasticity values of the tissues in the data
library, a tissue is discriminated by determining the tis-
sue having a frequency distribution of the closest elas-
ticity value, and tissue type information is displayed, for
example, in colors in a tomogram.

[0036] FIG. 1is a schematic structural diagram show-
ing an ultrasonic diagnostic system according to the
present invention.

[0037] In FIG. 1, reference numeral 1 denotes a hu-
man body, reference numeral 2 denotes the surface of
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the body, and reference numeral 3 denotes a blood ves-
selincluding an artery to be measured. In the blood ves-
sel, a blood vessel wall has a thickness of h(t), a lumen
has a diameter of d(t), and a vibration is made at a move-
ment velocity of v(t). Reference numeral 3a denotes the
anterior wall of the blood vessel. Reference numeral 3b
denotes the posterior wall of the blood vessel. Refer-
ence numeral 3¢ denotes a lesion such as an atheroma
appearing in the blood vessel 3. Reference numeral 3d
denotes a lipid-rich tissue. Reference numeral 3e de-
notes the lumen of the blood vessel 3. Reference nu-
meral 4 denotes an ultrasonic probe which can change
the emitting direction of an ultrasonic beam to perform
scanning over a certain range. Reference numeral 5 de-
notes an ultrasonic measuring unit which generates a
transmission signal with an angular frequency of o, at
a fixed time interval AT to drive the ultrasonic probe 4
and radiates an ultrasonic beam to the blood vessel 3.
When the ultrasonic probe 4 receives a reflected wave
from the blood vessel 3, the received signal of the probe
is subjected to quadrature demodulation and AD con-
version and a detection signal is outputted in a digital
signal format.

[0038] Reference numeral 6 denotes a data analyzing
unit. The data analyzing unit 6 analyzes the detection
signal, which has been outputted in a digital signal for-
mat from the ultrasonic measuring unit 5, according to
phased tracking method, performs tracking on the track
of the large amplitude displacement of the blood vessel
3, and determines a small vibration velocity of each re-
flection point on the surface of the blood vessel wall and
between layers on the track. According to the result, a
time change is calculated for the thickness of the blood
vessel wall or each of the layers. An elasticity modulus
of a tissue on the blood vessel wall or each of the layers
is accurately calculated based on the time change in
each small area determined by a resolving power, and
elasticity modulus tomogram data is generated. In this
tracking, the displacing motion of a small vibration in the
layers of the blood vessel is analyzed under the con-
straint that a cumulative displacement in a pulse is set
at 0 so as to make a return to the original position at
each pulse of the heart, thereby stabilizing an image.
[0039] Reference numeral 7 denotes an elasticity da-
ta library used as the reference (a kind of dictionary) of
tissue identification. The elasticity data library 7 stores
elasticity data concerning kinds of living tissues. The da-
ta has been inputted beforehand and serves as the ref-
erence. To be specific, the elasticity data library 7 stores
frequency distribution (histogram) data concerning an
elasticity value of each kind of known living tissue. Fur-
ther, an average value and dispersion may be calculated
from the frequency distribution data and may be re-
placed with the frequency distribution.

[0040] Reference numeral 8 denotes a tissue identi-
fying unit, in which regarding an elasticity value on each
point of the elasticity modulus tomogram data generated
by the data analyzing unit 6, the elasticity data concern-
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ing various kinds of living tissues is extracted from the
elasticity data library 7, the elasticity data serving as the
reference, a comparison is made, the closest kind of liv-
ing tissue is discriminated, and electronic chromatic fig-
ure data is generated. In the electronic chromatic figure
data, the area of the elasticity modulus tomogram is dis-
played in colors corresponding to the kinds of tissues.
[0041] Reference numeral 9 denotes a display device
which displays an electronic chromatic figure based on
the electronic chromatic figure data generated by the tis-
sue identifying unit 8.

[0042] Reference numeral 10 denotes an elasticity
data library creating unit, in which regarding data effec-
tively acting as the reference in the elasticity modulus
tomogram data generated by the data analyzing unit 6,
a comparison is made with a pathologic chromatic figure
generated in advance, so that the kind of living tissue is
identified in each local area of the tomogram, and at-
tribute data indicating the kind of living tissue is inputted
and set in the elasticity modulus tomogram data. Then,
attribute data in each local area is examined, and the
frequency distribution of an elasticity modulus is deter-
mined for each kind of living tissue and is registered in
the elasticity data library 7.

[0043] The embodiment of the ultrasonic diagnostic
system shown in FIG. 1 will be discussed in detail below.
[0044] FIG. 2E shows the overall flow of the genera-
tion of an elasticity modulus tomogram that corresponds
to conventional processing performed by the ultrasonic
measuring unit 5 and the data analyzing unit 6 of FIG.
1. As shown in FIG. 2 A, a blood vessel area to be di-
agnosed on a living tissue is scanned by the ultrasonic
probe along an arrow S, an ultrasonic pulse is transmit-
ted at each scanning position (beam position P) at a reg-
ular interval (step S11), and reflected waves are collect-
ed from the anterior wall and posterior wall of a blood
vessel and boundaries between the layers of the blood
vessel (step S12). Step S11 and step S12 are repeated
by the ultrasonic measuring unit 5 at each scanning po-
sition of an ultrasonic beam position.

[0045] Subsequently, data of the reflected waves col-
lected by the data analyzing unit 6 is analyzed. First, as
shown in FIG. 2B, regarding points (indicated by circles)
on the surface of the blood vessel wall and boundaries
between the layers of the blood vessel on one beam,
displacement waveforms are calculated and tracking is
performed to track the large amplitude motion generat-
ed on the blood vessel by heart stroke (step S13). Step
S13 is repeated on all the points of one beam. Then,
between adjacent points of FIG. 2A, a thickness change
waveform is calculated as shown in FIG. 2C (step S14).
In this example, at the largest diameter of the lumen in
FIG. 2B, a thickness change in FIG. 2C has the maxi-
mum value Max, which indicates the smallest thickness.
The maximum value of the thickness change in a pulse
is calculated (step S15). By using the value and a dif-
ference between the maximum blood pressure and the
minimum blood pressure of a cuff pressure measured
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on an upper arm, a local elasticity modulus is calculated
(step S16). Steps S14 to S16 are repeated on all the
points. When local elasticity moduli are calculated for
layers between all the adjacent points on one beam
scanning position (step S17), a shift is made to the sub-
sequent beam scanning position, steps S13 to S17 are
repeated, and local elasticity moduli are similarly calcu-
lated for layers between all the adjacent points. In this
way, local elasticity moduli are calculated on all the
beam scanning positions and an elasticity modulus to-
mogram is calculated, in which the local elasticity mod-
ulus of a diagnostic area is indicated by a pixel value or
a color attribute as shown in FIG. 2D (step S18).
[0046] FIG. 3 is a schematic diagram showing the
generation of the elasticity data library that corresponds
to the processing of the elasticity data library creating
unit 10 shown in FIG. 1. In the generation of the elasticity
data library, regarding a suitable living tissue to be used
as the reference of tissue identification, an area of an
elasticity modulus tomogram is classified for each kind
of tissue, and the frequency distribution (histogram) of
an elasticity modulus is calculated for each kind of tissue
and is registered in the elasticity data library. Hence, an
ultrasonic measurement part, that is the elasticity mod-
ulus tomogram calculated by the flow of FIG. 2 is dis-
played on a screen (step S21) and another sample tis-
sue is compared with an actual chromatic figure, in
which a specific kind of tissue is dyed by pathologic dye-
ing, so that each kind of tissue area is identified in the
elasticity modulus tomogram and area specification is
performed on each kind of tissue (step S22). The exam-
ple of FIG. 3 has five kinds of tissues including a lipid-
rich area, a thrombus area, an elastic fiber, a collagen
fiber, and a calcified area. In this way, after the setting
of an area for each kind of tissue required for the elas-
ticity modulus tomogram, the frequency distribution of
an elasticity modulus is calculated for each resolution
area such as a pixel in each area for each kind of tissue
(step S22) and the results are registered in the elasticity
data library (step S23).

[0047] FIG. 4 shows the flow of tissue identification
that corresponds to the processing of the tissue identi-
fying unit 8 shown in FIG. 1. In tissue identification, the
following processing is repeated: on each point of the
elasticity modulus tomogram of a measured living body,
the elasticity modulus is classified to the closest kind of
tissue with reference to elasticity modulus frequency
distribution data of tissues registered in the elasticity da-
ta library. In this example, Bayes decision method
(Bayes classification method) is used as a mathematical
method for tissue identification. Bayes decision method
is one of statistical estimation methods. In this method,
regarding the frequency distribution of a kind of tissue
that is most likely to have an elasticity modulus on one
point of the elasticity modulus tomogram, an estimation
is made so that a defined loss function has the minimum
expected value. This estimation corresponds to the se-
lection of a similar pattern of the minimum distance in
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pattern recognition.

[0048] First, the elasticity modulus tomogram of a
measured living body is determined by the processing
of FIG. 2 (step S31). On the other hand, from the elas-
ticity data library generated based on the calculation of
the elasticity modulus tomogram (step S36) in the
processing of FIG. 3, elasticity modulus frequency dis-
tribution data is read regarding five kinds including a li-
pid-rich area, which serves as a candidate of tissue clas-
sification, and an average value and dispersion are cal-
culated for each elasticity modulus distribution (Step
S37). Then, elasticity moduli on the points of the elas-
ticity modulus tomogram are sequentially extracted
(step S32), Bayes decision is performed by using values
determined in step S37 (step S33), and the elasticity
modulus is classified as a minimum-distance tissue in
processing results (step S34). Steps S32 to S34 are re-
peated on all the points of the elasticity modulus tomo-
gram. In this way, an elasticity modulus on each point
of the elasticity modulus tomogram is classified as a
proper tissue and an electronic chromatic figure is gen-
erated (step S35).

[0049] Subsequently, FIGS. 5, 6, and 7 show the ex-
amples of actual measurements.

[0050] InFIG. 5, reference numerals 51 to 53 denote
the examples of elasticity modulus measurement re-
sults of a fibrous tissue. An image 51 on the left shows
an elasticity modulus tomogram and an image 52 shows
the tomogram of a fibrous tissue. A graph 53 on the right
shows the histogram of a fibrous tissue. In FIG. 5, ref-
erence numerals 54 to 56 denote the examples of elas-
ticity modulus measurement results of a lipid-rich tissue.
An image 54 on the left shows an elasticity modulus to-
mogram and an image 55 shows the tomogram of a li-
pid-rich tissue. A graph 56 on the right shows the histo-
gram of a lipid-rich tissue.

[0051] FIGS. 6 and 7 show tissue discrimination ex-
amples of a 71-year-old man and a 52-year-old man. In
FIGS. 6 and 7, reference numerals 61 and 71 denote B-
mode images, reference numerals 62 and 72 denote
elasticity modulus tomograms, reference numerals 63
and 73 denote the tomograms of a lipid-rich tissue, ref-
erence numerals 64 and 74 denote the tomograms of a
fibrous tissue, and reference numerals 65 and 75 de-
note the electronic chromatic figures of a tissue.

[Embodiment 2]

[0052] In this example, the conventional problem is
solved as follows: based on findings that tissues such
as a lipid-rich area, a thrombus area, an elastic fiber, a
collagen fiber, and a calcified area that are found on a
blood vessel wall are different in viscosity in addition to
hardness according to each tissue characteristic, the
frequency distribution (histogram) of viscosity in addi-
tion to an elasticity value for each kind of tissue is ac-
quired beforehand and is managed in a data library,
each local elasticity value and viscosity value that are
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obtained in an ultrasonic diagnosis are compared with
the frequency distribution of the elasticity values and vis-
cosity values of the tissues in the data library, a tissue
is discriminated by determining a tissue having a fre-
quency distribution of the closest elasticity value and
viscosity, and tissue type information is displayed, for
example, in colors in a tomogram.

[0053] A motion such as the pulsation of a living tissue
and a change in intravascular pressure have a low fre-
quency band of 30 Hz or less. Thus, when a motion such
as the pulsation of a living tissue and a change in intra-
vascular pressure serve as external forces applied to a
tissue, a measurement is considered to be static, though
an amplitude is large. In the case of such a static meas-
urement, it is necessary to measure a deformation of a
tissue before and after a change in pressure and calcu-
late an elasticity modulus by the calculation of (pressure
change)/(distortion), (so called static technique). How-
ever, in reality, it is difficult to measure a pressure ap-
plied inside and a change in pressure in vivo.

[0054] Hence, the following method is proposed: a
low-frequency sine wave oscillation (generally a single
frequency component) is applied from the outside by us-
ing an oscillator and so on, the propagation velocity of
a vibration (shear elasticity) is measured in vivo, and a
parameter for a hardness of a tissue is calculated (ex-
ternal oscillation + dynamic method, Jpn J. Med Ultra-
sonics, Vol. 16, No. 3, pp. 221-229, 1989). In this meth-
od, it is not necessary to measure a pressure and a
change in pressure. When a blood vessel wall is oscil-
lated, although a bending oscillation can be readily ex-
cited so as to entirely bend a blood vessel wall, it is dif-
ficult to propagate a vibration so as to penetrate the wall
from the outside to the inside of the blood vessel wall.
[0055] Hence, the presentinvention focuses attention
on afact that components such as a "turbulent flow" and
a"vortex" that are generated by a time change in a pulse
of a pulsatile flow in a blood vessel "excite vibrations of
components over a wide frequency band of several tens
Hz to several hundreds Hz on a blood vessel wall with
a small amplitude of several mm/s or less." The wall vi-
bration is accurately measured by using ultrasound and
a waveform is analyzed, so that a propagation velocity
and a propagation loss of a vibration (shear elastic
wave) in vivo can be calculated at each frequency f.
[0056] Besides, (1) the vibrations excited by the "tur-
bulent flow" and the "vortex" are small in amplitude (sev-
eral mm/s or less) and (2) the position of the wall is
moved by about several mm due to the arrival of pulsa-
tion. Thus, measurement could not be performed in vivo.
[0057] Forexample, in a conventional ultrasonic Dop-
pler measurement technique, an average blood flow ve-
locity of an area (several mm width) set in the lumen of
a blood vessel is measured by frequency analysis on
ultrasound reflected in a blood flow or correlation meth-
od. However, a target velocity in a blood flow measure-
ment is several tens cm/s, which is larger than the vi-
bration velocity of a blood vessel wall by two digits or
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more. Although the momentary magnitude of a blood
flow velocity is considered important in a diagnosis, the
waveform of the obtained blood flow velocity was not
subjected to waveform analysis (frequency analysis)
and so on.

[0058] In this example, an ultrasonic measurement
method invented by the inventor (Japanese Patent Laid-
Open No. 8-163418, U.S. Patent No. 5,840,028) is
adopted. With this method, a waveform with a small vi-
bration velocity generated by pulsation on an arterial
wall can be measured by using ultrasound. In the
present invention, a waveform of wall vibration is meas-
ured by the ultrasonic measurement method simultane-
ously on a plurality of points set at intervals of several
hundreds microns from the intima to the adventitia of a
blood vessel wall on one ultrasonic beam.

[0059] FIG. 8 shows a schematic structural diagram
showing another ultrasonic diagnostic system accord-
ing to the present invention.

[0060] FIG. 8 shows that the ultrasonic diagnostic
system is further provided with a data library 7A instead
of the elasticity data library 7, a data library creating unit
10A instead of the elasticity data library creating unit 10,
and exciting means 11, in the structure of FIG. 1.
[0061] Inaddition to the elasticity data, the data library
7A stores viscosity data of living tissues that serves as
previously inputted reference data, that is frequency dis-
tribution (histogram) data of a viscosity value for each
kind of known living tissue.

[0062] Inaddition tothe elasticity data, the data library
creating unit 10A registers the frequency distribution of
a viscosity for each kind of living tissue. That is, regard-
ing data effectively acting as the reference data in vis-
cosity tomogram data generated by a data analyzing
unit 6, a comparison is made with a previously generat-
ed pathologic chromatic figure, so that the kind of living
tissue is identified in each local area of the tomogram,
and attribute data indicating the kind of living tissue is
inputted and set in the viscosity tomogram data. Then,
attribute data of each local area is examined, the distri-
bution frequency of viscosities is obtained for each kind
of living tissue, and the frequency distribution is regis-
tered in the data library 7A.

[0063] The embodiment of the ultrasonic diagnostic
system of FIG. 8 will be described in detail. The following
explanation will mainly discuss differences from Embod-
iment 1.

[0064] In accordance with the processing flow of FIG.
2E, for example, a waveform with a small vibration ve-
locity v(t) that is generated on an arterial wall due to pul-
sation is measured (steps S11 to S13) by using the ul-
trasonic measurement method above-described (U.S.
Patent No. 5,840,028, which is incorporated by a refer-
ence in this specification). Thus, a waveform of wall vi-
bration is measured simultaneously on a plurality of
points set at intervals of several hundreds microns from
the intima to the adventitia of a blood vessel wall on one
ultrasonic beam. The amplitude is several mm/s or less
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and the frequency is a band of 0 Hz to several hundreds
Hz.

[0065] At the measurement, as shown in FIG. 9, a
pulse wave 11a caused by pulsation propagates
through a lumen 3e of a blood vessel 3 and a lesion 3¢
causes a turbulent flow 11b or a vortex 11c. The turbu-
lent flow 11b and the vortex 11c, each serving as a vi-
bration source, vibrate the wall of the blood vessel 3 in
the above-described manner. Thus, a vibration v(t) is
measured on each point (white circle) by an ultrasonic
beam B. Reference numeral 3f denotes the adventitia
of the blood vessel wall. Reference numeral 3g denotes
the intima of the blood vessel wall. The measured vibra-
tion v(t) is shown in FIG. 11. FIG. 11 shows measure-
ment results in a period of four pulses. It is found that
each point vibrates according to pulsation.

[0066] A pulse wave 11a may be generated by pulsa-
tion. That is, any structure is applicable as long as an
inner product is changed by excited bending oscillation
(of blood vessel 3) and thus an internal pressure change
AP(f) is excited as shown in FIG. 10B. Reference char-
acter "f" denotes a frequency at which a vibration source
vibrates. The inner pressure change AP(f) propagates
as the pulse wave 11a. Therefore, for example, a vibra-
tion on a measured part 3h (FIG. 10) is excited by the
component of the turbulent flow 11b or the vortex 11c
which are generated by a time change in a pulse of a
pulsatile flow in the blood vessel 3.

[0067] Further, as shown in FIG. 10A, the pulse wave
11a may be generated by the exciting means 11. The
vertical vibration of the exciting means 11 at the frequen-
cy "f" excites the internal pressure change AP(f). There-
fore, for example, the vibration on the measured part 3h
is excited by a vibration percutaneously applied to a part
away from the measured part 3h from the outside of the
body.

[0068] Moreover, instead of steps S14 to S16 of FIG.
2E, waveforms are cut out at the same timing in a pulse
and frequency analysis is performed (while a window is
applied in a diastole), so that a transfer function H(f)
from a vibration waveform vm(t) at m point on the intima
to a vibration waveform vn(t) at n-th point of the adven-
titia is calculated. That is, the power spectrum of FIG.
12 is obtained by the frequency analysis. When a dis-
tance is d between the two points in the power spectrum,
an attenuation constant o(f) = |H(f)|/d associated with
propagation between the two points can be calculated
from an amplitude |H(f)|. Moreover, a phase velocity v
(f) = 2nf/(£H(f)/d) of propagation between the two points
can be calculated from a phase ZH(f) of the transfer
function.

[0069] Atomogram on the attenuation of FIG. 13A can
be obtained from the attenuation constant o(f). Further,
a tomogram of the phase velocity of FIG. 13B can be
obtained from the phase velocity v(f). Comparison be-
tween the tomograms proves that the single lesion 3c
includes both of a lesion shown in the tomogram of at-
tenuation and a lesion show in the tomogram of phase
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velocity.

[0070] Based on the two parameters, a complex prop-
agation constant y(f) = o(f) + jB(f) is determined where
"I" represents an imaginary unit and B(f) = w/v(f) and ®
= 2nf are established. y(f) indicates that a propagation
per unit length has an attenuation of o(f) and a phase
rotation of B(f).

[0071] According to a document (J. Biomechanics,
vol. 28, No. 10, pp. 1145 to 1154, 1995), the complex
propagation constant y(f) has the relationship of

. 2,2
u+jon =-pe /vy (f)

between a shear (or shearing) elastic constant (a mod-
ulus of rigidity) u, and a shear viscosity constant 7.
When a measured complex transfer constant y(f) is sub-
stituted into the right side of the formula and a real item
and an imaginary item are arranged, the shear elastic
constant p and the shear viscosity constant n are ex-
pressed by the formulas below.

u=-pa’(o’(f- B2(M)/A

n = 2pwo(f)B(f)/A

Where,

A = (o () - BA(H)? + (2a(h)B(M)

is established. Thus, a shear elastic constant u and a
shear viscosity constant n are calculated for a small ar-
ea between the point m and the point n on one ultrasonic
beam (step S 16).

[0072] The above-described measurement is per-
formed on each point of the lesion in and on the arterial
wall on one ultrasonic beam (step S17). The point is set
with the order of a waveform of a used ultrasonic wave,
for example, at intervals of 375 microns. Further, an ul-
trasonic beam is scanned in real time along the axial
direction of the blood vessel wall at intervals of 600 mi-
crons (FIG. 9). Thus, a tomogram with the shear elastic
constant n and the shear viscosity constant n is extract-
ed in each local area of 375 microns X 600 microns
(step S18).

[0073] A tomogram of a shear elasticity modulus
shown in FIG. 14A can be obtained from the shear elas-
tic constant (i.e., shear elasticity modulus) u. Moreover,
a tomogram of a shear viscosity shown in FIG. 14B can
be obtained from the shear viscosity constant (i.e.,
shear viscosity) . The tomogram of the shear elasticity
modulus shown in FIG. 14A corresponds to the tomo-
gram of a phase velocity shown in FIG. 13B, and the
tomogram of the shear viscosity shown in FIG. 14B cor-
responds to the tomogram of attenuation shown in FIG.
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13A.

[0074] As with the processing of FIG. 3, regarding a
representative lesion, the shear elastic constant p and
the shear viscosity constant | that are obtained on each
point are compared with a pathologic chromatic figure
and data of elasticity and viscosity of tissues such as
lipid-rich, thrombus, elastic fiber, collagen fiber and cal-
cification is registered in the data library 7A. At this point
of time, as shown in FIG. 15, the tissues are mapped on
a two-dimensional plane where the vertical axis repre-
sents a shear viscosity (Pa-s) and the horizontal axis
represents a shear elasticity modulus (Pa), so that reg-
istration is performed. In this way, classification can be
performed on the two-dimensional plane by using an
elastic characteristic and a viscous characteristic, there-
by increasing the accuracy of the data library 7A. For
example, it is possible to identify a thrombus area, an
elastic fiber, a collagen fiber, and a calcified area that
are hard to identify only based on a shear viscosity. Fur-
ther, itis possible to identify a lipid-rich area and a throm-
bus area that are hard to identify only based on a shear
elasticity modulus.

[0075] Then, as with the processing of FIG. 4, on the
tomogram of the shear elastic constant u and shear vis-
cosity constantn to be actually measured, a tissue char-
acteristic is identified on each local area with reference
to the data library 7A and electronic dyeing is performed.
Thus, as shown in FIG. 16, tissues such as a lipid-rich
area 3h, a thrombus area 3i, an elastic fiber 3j, a colla-
gen fiber 3k, and a calcified area 3l can be clearly dis-
played on a screen by electronic dyeing.

[0076] Besides, as with the elasticity data of Embod-
iment 1, the kind of living tissue to be diagnosed may
be identified only based on viscosity data acquired in
the above-described manner.

Industrial Applicability

[0077] According to the present invention, in an ultra-
sonic diagnosis of a living tissue such as a lesion in a
blood vessel, it is possible to readily identify the kind of
living tissue such as a lipid rich area, a thrombus area,
an elastic fiber, a collagen fiber, and a calcified area on
an ultrasonic diagnostic image. Thus, a noninvasive di-
agnosis can be performed in a clinical diagnosis more
properly and quickly as compared with the conventional
art.

[0078] For example, the present invention makes it
possible to predict the rupture of an atheroma (arterio-
sclerotic plaque) that is a main cause of an acute cardi-
ovascular event such as unstable angina, acute myo-
cardial infarction, and sudden death. Such a prediction
is impossible in a noninvasive manner in the conven-
tional art.

[0079] It is considered that a serious cardiovascular
disease such as myocardial infarction and cerebral inf-
arction is caused by the clogging of a thrombus in the
lumen of a blood vessel, the thrombus being formed by
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the rupture of an arteriosclerotic plaque (atheroma),
which is formed on an arterial wall and is rich in lipid-
rich. The present invention can evaluate the stability of
an atherosclerotic lesion in a noninvasive manner.
[0080] Further, the presentinvention can evaluate the
curative effect of a cholesterol lowering treatment.

Claims

1. A method for identifying a living tissue in an ultra-
sonic diagnosis, the method comprising:

measuring at least an elasticity of a living tissue
to be diagnosed in each local small area by us-
ing ultrasound;

managing, in a data library, at least elasticity
data for each kind of known living tissue, the
elasticity data being composed of an elasticity
modulus frequency histogram in each local
small area for each kind of living tissue; and
identifying the kind of living tissue to be diag-
nosed, at least regarding the elasticity data
serving as a measurement result, by using the
elasticity data for each kind of known living tis-
sue.

2. The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1, further
comprising:

exciting a vibration on a measured part of the
living tissue to be diagnosed;

measuring a shear elasticity and a shear vis-
cosity of the excited living tissue to be diag-
nosed in the measurement using ultrasound;
managing viscosity data for each kind of known
living tissue in the management of the data li-
brary, the viscosity data being composed of a
viscosity frequency histogram in each local
small area for each kind of living tissue; and
identifying the kind of living tissue to be diag-
nosed, regarding the elasticity data and viscos-
ity data serving as measurement results, by us-
ing the elasticity data and viscosity data for
each kind of known living tissue in identification
of the kind of living tissue to be diagnosed.

3. The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 2, wherein the
vibration on the measured part of the living tissue
to be diagnosed is excited by a turbulent flow com-
ponent or a vortex component, the components be-
ing generated by a time change in a pulse of a pul-
satile flow in a blood vessel.

4. The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 2, wherein the

10

15

20

25

30

35

40

45

50

55

10

10.

1.

12.

vibration on the measured part of the living tissue
to be diagnosed is excited by a vibration percuta-
neously applied to a part away from the measured
part from an outside of a body.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 2, wherein in
management of the data library, each kind of known
living tissue is mapped on a two-dimensional plane
having axes representing a shear elasticity modu-
lus and a shear viscosity.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1 or 2, where-
in the living tissue to be diagnosed is a living tissue
on a heart, a blood vessel, and so on.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1 or 2, where-
in the kind of known living tissue includes a lipid-
rich area, a thrombus area, an elastic fiber, a colla-
gen fiber, and a calcified fiber.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1 or 2, where-
in the local small area serving as a unit to measure
an elasticity and/or a viscosity of the living tissue to
be diagnosed is several tens to several hundreds
square microns.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1 or 2, where-
in the kind of living tissue to be diagnosed is iden-
tified using the elasticity data and/or the viscosity
data serving as measurement results, and the iden-
tification is performed by referring to the elasticity
data and/or the viscosity data for each kind of
known living tissue, the data being extracted from
the data library, and determining the kind of known
living tissue having a minimum distance.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 9, wherein the
kind of known living tissue having a minimum dis-
tance from the elasticity data serving as a measure-
ment result is determined by using Bayes decision
method for dispersion and an average value of elas-
ticity moduli determined from the histogram of the
elasticity data on each kind of known living tissue.

The method for identifying a living tissue in an ul-
trasonic diagnosis according to claim 1 or 2, where-
in an electronic chromatic figure is generated and
displayed so as to identify in colors the kind of living
tissue to be diagnosed, the kind of living tissue be-
ing identified for each local small area.

An ultrasonic diagnostic system, in which at least
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an elasticity of a living tissue to be diagnosed is
measured in each local small area by using ultra-
sound and a tomogram is displayed, the system
comprising:

a data library for managing at least elasticity da-
ta for each kind of known living tissue, the elas-
ticity data being composed of an elasticity mod-
ulus frequency histogram in each local small ar-
ea for each kind of living tissue; and

a tissue identifying unit to identify the kind of
living tissue to be diagnosed, regarding at least
the elasticity data serving as a measurement
result, by using the elasticity data for each kind
of know living tissue.

The ultrasonic diagnostic system according to claim
12, further comprising:

exciting means for exciting a vibration on a
measured part of a living tissue to be diag-
nosed,

wherein the data library further includes vis-
cosity data for each kind of known living tissue and
manages the viscosity data for each kind of known
living tissue, the viscosity data being composed of
a viscosity frequency histogram in each local small
area for each kind of living tissue, and

wherein the tissue identifying unit identifies
the kind of living tissue to be diagnosed, regarding
the elasticity data and viscosity data serving as
measurement results of the excited living tissue to
be diagnosed, by using the elasticity data and vis-
cosity data for each kind of known living tissue.

The ultrasonic diagnostic system according to claim
13, wherein each kind of known living tissue is
mapped on a two-dimensional plane having axes
representing a shear elasticity modulus and a shear
viscosity.

The ultrasonic diagnostic system according to claim
12 or 13, wherein the living tissue to be diagnosed
is a living tissue on a heart, a blood vessel, and so
on.

The ultrasonic diagnostic system according to claim
12 or 13, wherein the kind of known living tissue in-
cludes a lipid-rich area, a thrombus area, an elastic
fiber, a collagen fiber, and a calcified fiber.

The ultrasonic diagnostic system according to claim
12 or 13, wherein the local small area serving as a
unit to measure an elasticity of the living tissue to
be diagnosed is several tens to several hundreds
square microns.
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The ultrasonic diagnostic system according to claim
12 or 13, wherein the tissue identifying unit has
identifying means which refers to the elasticity data
for each kind of known living tissue, the data being
extracted from the data library, and determines the
kind of known living tissue having a minimum dis-
tance, for each elasticity data serving as a meas-
urement result in each local small area.

The ultrasonic diagnostic system according to claim
18, wherein the identifying means determines dis-
persion and an average value of elasticity moduli
from the histogram of elasticity data of each kind of
known living tissue, the data being extracted from
the data library, and the identifying means performs
identification using Bayes decision method.

The ultrasonic diagnostic system according to claim
12 or 13, wherein the tissue identifying unit has
electronic chromatic figure generating means for
generating an electronic chromatic figure so as to
identify in colors the kind of living tissue to be diag-
nosed, the kind of living tissue being identified for
each local small area.
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