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(54) ULTRASONIC DIAGNOSTIC EQUIPMENT
(67)  The present invention aims at providing an ul-
trasonic diagnostic apparatus capable of acquiring more
accurate tissue character values such as strain, an av-
erage elastic modulus, and an average viscosity.

The ultrasonic diagnostic apparatus of the present
invention detects tissue boundaries of a subject in ac-
cordance with a received signal based on an ultrasonic
echo from a receiving section 103, by means of a bound-

ary detection section 110; and tracks motions of the tis-
sue boundaries of the subject by means of atissue track-
ing section 108. A tissue character value computing sec-
tion 109 computes tissue character values of the subject
from the motions of the tissue boundaries of the subject
tracked by the tissue tracking section 108 and a blood
pressure value of the subject acquired from a blood pres-
sure value acquisition section 112.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic diagnostic apparatus which measures a tissue character of a
subject.

Background Art

[0002] A related-art ultrasonic diagnostic apparatus emits an ultrasonic wave to a subject and converts the intensity
of a reflected echo signal into the brightness of a corresponding pixel, thereby acquiring the structure of the subject in
the form of atomographic image. An attempt has recently been made to precisely measure motion of a subject by means
of analyzing primarily the phase of a reflected echo signal, thereby determining tissue characters such as the strain, an
elastic modulus, and viscosity of a tissue of the subject.

[0003] Patent Document 1 describes a method for tracking the tissue of the subject with high accuracy by determining
the instantaneous position of the subject through use of both the amplitude and phase of a detection wave output signal
of a reflected echo signal, to thus capture minute vibrations in large amplitude displacement movement induced by
pulsation.

[0004] The method for tracking a subject tissue described in Patent Document 1 is described by reference to Fig. 6.
Received echo signals of ultrasonic pulses transmitted at an interval AT in a single direction with regard to the subject
are taken as Y(t) and y(t+AT). Provided that a pulse transmission time is t = 0 and sound speed is taken as C, a time
"t," at which an echo reflected from a point of measurement set at a certain position (depth) "x" is received is defined
ast,=x/(C/2). Atthat time, provided that a phase difference between y(t,) and y(t,+AT) is taken as A8 and that the center
frequency of ultrasonic waves achieved in the vicinity of t, is taken as "f," the amount of movement Ax of the point of
measurement achieved during the pericd AT is expressed by (Eq. 1).

[0005]

Ax =-CeAB/4nf ... (Eq. 1)

[0006] By addition of the amount of movement to "x," the position (depth) x’ of the point of measurement after elapse
of AT can be determined by (Eq. 2).
[0007]

x'=x+tAx ... (Eq.2)

[0008] The position of the point of measurement in the subject can be tracked by repetition of the above operations.
Inshort, provided that a, time at which an echo reflected fromthe depth X’ is receivedis taken ast’ and that a subsequently-
transmitted-and-received signal is taken as y(t+2AT), a position x" of the point of measurement achieved after elapse
of 2AT can be determined from a phase difference A6’ between y(t, +AT) and y(t,+2AT) through arithmetic operations
of (Eq. 1) and (Eq. 2).

[0009] Patent Document 2 describes a method that is a further development of the method described in connection
with Patent Document 1 and that precisely tracks large amplitude displacement movements of a point of measurement
set on a vascular wall induced by a heartbeat, measures the amount of strain in the vascular wall from a resultant
difference, and determines a local elastic modulus from the amount of strain and a blood pressure difference, as well
as desctribing an apparatus for displaying a spatial distribution of elastic modulus as an image.

[0010] The elastic modulus computing method described in Patent Document 2 is described by reference to Fig. 7.
According to Patent Document 2, a probe 101 emits ultrasonic waves to a subject and receives an echo from a blood
vessel, particularly, an echo from an artery. Points of measurement A, B, and C are set on the blood vesselin a depthwise
direction while being spaced apart from each other at a uniform interval Ws; signals received from the points of meas-
urement A, B, and C are analyzed by means of the method described in Patent Document 1; and movements of the
points of measurement A, B, and C are tracked. The artery repeats contraction and expansion by means of a heartbeat,
and therefore movements of the points of measurement A, B, and C also become periodic as described by tracking
waveforms TA, TB, and TC. The movements include rapid expansion of a vascular wall in a heart contraction phase
and slow contraction of the blood vessel in a heart expansion phase.
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[0011] A thickness change waveform WAB appearing in an area between points of measurement A and B and a
thickness change waveform WBC appearing in an area between points of measurement B and C are determined from
the tracking waveforms TA, TB, and TC. Provided that the amount of a change in the thickness change waveform WAB
is AW(AB), the amount of strain e(AB) appearing in the area between the points of measurement A and B is expressed
by (Eq. 3).

[0012]

e(AB)=AW(AB)Ws ... (Eq. 3)

[0013] On the assumption that there stands a relationship of a blood pressure difference AP achieved at this time =
(the highest blood pressure) - (the lowest blood pressure), an elastic modulus E(AB) achieved between the points of
measurement A and B can be determined by (Eq. 4).

[0014]

E(AB) = AP/c(AB) = AP.-Ws/AW(AB) ... (Eq. 4)

[0015] Likewise, an elastic modulus E(BC) acquired between the points of measurement B and C can be determined.
Further, the same operation is performed in connection with a plurality of points on a tomographic image, whereby an
image pertaining to the distribution of elastic moduli is obtained.

[0016] Fig. 8 is an example of an actual diagnostic screen achieved in the related art. A screen shows a longitudinally-
split cross section of a blood vessel. An area (ROI) 204 for computing an elastic modulus is set on a monochrome
tomographic image 200 appearing on the screen, and a plurality of points of measurement are set at an uniform interval
within the ROI 204 in the vertical direction and at another uniform interval within the ROl 204 in the horizontal direction.
Movements of all of the points of measurement are computed by (Eqg. 1) and (Eq. 2), and an elastic modulus achieved
between points of measurement; namely, an elastic modulus of a minute area in the vascular wall, is computed by (Eq.
3) and (Eq. 4). The thus-acquired elastic moduli are converted into color codes and located at predetermined positions,
thereby creating an elastic modulus image 201. The elastic modulus image 201 is displayed, in a superimposed mannet,
on a corresponding position on the monochrome tomographic image 200. As a result, the distribution of elastic moduli
acquired in the vascular wall can be observed in detail. A vertical distance between the points of measurement is of the
order of tens of micrometers, and a horizontal distance between the points of measurement is of the order of several
tens and a hundred of micrometers. Moreover, a reflection intensity scale 202 for a tomographic image showing a
relationship between an amplitude of a received signal and the brightness on a screen and an elastic modulus scale
203 for an elastic modulus image showing a relationship between an elastic modulus and a color on a screen are
displayed on the screen. Further, although unillustrated, various types of information useful for diagnosis, such as an
average elastic modulus value, a diameter of a blood vessels, and an electrocardiographic waveform, are also displayed
on the screen.

[0017] Correspondence between an elastic modulus and an actual disease is still in the studying stage, but Non-
Patent Decument 1 discloses, by way of example, relevance between an average elastic modulus and a risk factor of
an arteriosclerotic disease.

[0018]

Patent Document 1: JP-A-10-5226

Patent Document 2: JP-A-2000-229078

Non-Patent Document 1: Okimoto et al., "Relevance between an elastic characteristic of a carotid artery and a risk
factor of an arteriosclerotic disease determined by a new diagnostic method" the 42nd Regular Meeting held at
Tohoku Subdivision of Japan Diabetes Society.

Disclosure of the Invention

Problem that the Invention is to solve

[0019] However, the average elastic modulus disclosed in Non-Patent 1 is acquired by fixing a standard thickness
Ws and averaging elastic moduli of minute areas, each of which has a fixed size, over a required region. In the meantime,

an average elastic modulus of the vascular wall shown in Fig. 8 is determined by averaging elastic moduli of minute
areas on the vascular wall. In general, in relation to an average elastic modulus of a target area, a modulus determined
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from strain in and force exerted on the entire target area is considered to be a correct average modulus. When an area
is divided into subdivisions and when an average elastic modulus of the entirety is determined by averaging elastic
moduli determined from strain in and force exerted on the subdivisions, the average elastic modulus contains an error
when compared with a correct average elastic modulus.

[0020] The present invention has been conceived in light of the circumstance and aims at providing an ultrasonic
diagnostic apparatus capable of providing more accurate tissue character values, such as strain, an average elastic
modulus, and an average viscosity:

Means for Solving the Problem

[0021] An ultrasonic diagnostic apparatus of the present invention has a receiving section that outputs a received
signal based on an ultrasonic echo reflected from inside of a subject exposed to ultrasonic waves; a tissue tracking
section that tracks motions of tissue boundaries of the subject in accordance with the received signal; and a tissue
character value computing section that computes tissue character values of the subject from the motions of the tissue
boundaries of the subject tracked by the tissue tracking section. According to the present invention, a more accurate
average tissue character value determined from strain in an overall area can be obtained.

[0022] An ultrasonic diagnostic apparatus of the present invention has a receiving section that outputs a received
signal based on an ultrasonic echo reflected from inside of a subject exposed to ultrasonic waves; a boundary detection
section that detects tissue boundaries of the subject from the received signal; a tissue tracking section that tracks, in
accordance with the received signal, motions of the tissue boundaries of the subject detected by the boundary detection
section; and a tissue character value computing section that computes tissue character values of the subject from the
motions of the tissue boundaries of the subject tracked by the tissue tracking section. According to the present invention,
a more accurate average tissue character value determined from strain in an overall area can be obtained.

[0023] An ultrasonic diagnostic apparatus of the present invention has a receiving section that outputs a received
signal based on an ultrasonic echo reflected from inside of a subject exposed to ultrasonic waves; a tissue tracking
section that tracks motions of tissue of the subject from the received signal; a tissue boundary detection section that
detects tissue boundaries of the subject in accordance with at least either the received signal or the motions of the
tissues of the subject tracked by the tissue tracking section; and a tissue character value computing section that computes
tissue character values of the subject from the motions of the tissue of the subject corresponding to the tissue boundaries
of the subject detected by the tissue boundary detection section. According to the present invention, a more accurate
average tissue character value determined from strain in an overall area can be obtained.

[0024] The ultrasonic diagnostic apparatus of the present invention has at least two tissue character value computing
modes, wherein tissue character values determined from motions of the tissue boundaries of the subject are output in
afirst tissue character value computing mode; and tissue character values of a minute area of a fixed size of the subject
are determined and outputin anothertissue character value computing mode. Accordingto the presentinvention, average
tissue character values of two different types can be determined.

[0025] The ultrasonic diagnostic apparatus of the present invention further has a memory that stores the received
signal, wherein, when a computing mode is switched in a freeze state, tissue character values obtained in a computing
mode achieved after switching are output in accordance with a received signal read from the memory. According to the
present invention, a plurality of types of tissue character values can be obtained without involvement of re-measurement.
[0026] The ultrasonic diagnostic apparatus of the present invention further has a display section for displaying tissue
character values of the subject, wherein the display section simultaneously displays tissue character values determined
from the motions of the tissue boundaries of the subject and the tissue character values computed in connection with
the minute area of the fixed size in the subject. According to the present invention, average tissue character values of
two different types can be ascertained simultaneously.

[0027] In the ultrasonic diagnostic apparatus of the present invention, the tissue character values determined from
the motions of the tissue boundaries are numerals, and the tissue character values computed in connection with the
minute area of the fixed size are displayed in the form of a distribution image. According to the present invention, average
tissue character values of two different types can be ascertained simultaneously.

[0028] The ultrasonic diagnostic apparatus of the present invention further has a blood pressure value acquisition
section that acquires a blood pressure value of the subject, wherein the tissue character value computing section
computes at least either an elastic modulus or a viscosity as a tissue characteristic value of the subject from the motions
of the tissue boundaries of the subject and the blood pressure value acquired by the blood pressure value acquisition
section. According tothe present invention, there can be obtained tissue character values which make it easy to ascertain
characters of a subject tissue determined from strain in an overall area and pressure exerted on the area.
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Advantage of the Invention

[0029] The present invention can provide more accurate tissue character values such as strain, an average elastic
modulus, and an average viscosity.

Brief Description of the Drawings

[0030]

Fig. 1 is a block diagram of an ultrasonic diagnostic apparatus of a first embodiment of the present invention.

Fig. 2 is a view for describing operation of the ultrasonic diagnostic apparatus of the first embodiment of the present
invention.

Fig. 3 is a view for describing operation of the ultrasonic diagnostic apparatus of the first embodiment of the present
invention.

Fig. 4 is a block diagram of an ultrasonic diagnostic apparatus of a second embodiment of the present invention.
Fig. & is a view for describing operation of the ultrasonic diagnostic apparatus of the second embodiment of the
present invention.

Fig. 6 is a view for describing a method for tracking a subject tissue by utilization of a signal output as a result of
detection of a reflected echo signal.

Fig. 7 is a view for describing a method for determining the amount of strain from a tissue track waveform.

Fig. 8 is a view showing an example of a monitor screen of a related-art ultrasonic diagnostic apparatus.

Descriptions of the Reference Numerals

[0031]

100 CONTROL SECTION

101  PROBE

102 TRANSMISSION SECTION

108  RECEIVING SECTION

104 TOMOGRAPHIC IMAGE PROCESSING SECTION

105 MEMORY

106 IMAGE SYNTHESIS SECTION

107 MONITOR

108 TISSUE TRACKING SECTION

109  TISSUE CHARACTER VALUE COMPUTING SECTION
110 BOUNDARY DETECTION SECTION

111 MEMORY

112 BLOOD PRESSURE VALUE ACQUISITION SECTION
113 TISSUE TRACKING SECTION

114 TISSUE CHARACTER VALUE COMPUTING SECTION
115 BOUNDARY DETECTION SECTION

200 TOMOGRAPHIC IMAGE

201  ELASTIC MODULUS IMAGE

202 REFLECTION INTENSITY SCALE FOR TOMOGRAPHIC IMAGE
203  ELASTIC MODULUS SCALE FOR ELASTIC MODULUS IMAGE
204 ROl

205 BLOOD FLOW - INTIMA

206 MEDIA-ADVENTITIA BOUNDARY

207  POINT OF MEASUREMENT

Best Modes for Implementing the Invention

[0032] Embodiments of the present invention will be described hereunder by use of the drawings.

(First Embodiment)

[0033] Fig. 1is a block diagram of an ultrasonic diagnostic apparatus of a first embodiment of the present invention.
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An ultrasonic diagnostic apparatus shown in Fig. 1 includes a control section 100; a probe 101; a transmission section
102; a receiving section 103; a tomographic image processing section 104; memory 105; an image synthesis section
106; a monitor 107; a tissue tracking section 108; a tissue character value computing section 109; a boundary detection
section 110; memory 111; and a blood pressure value acquisition section 112.

[0034] The control section 100 controls the entire ultrasonic diagnostic apparatus. Although unillustrated, a user
interface such as a keyboard, a trackball, switches, and buttons, is also connected to the control section 100.

[0035] Upon receipt of a command from the controls section 100; the transmission section 102 generates a high-
voltage transmission signal for driving the probe 101 at designated timing. The probe 101 converts the transmission
signal generated by the transmission section 102 into ultrasonic waves and emits the ultrasonic waves to a subject, and
also converts an ultrasonic echo reflected from the inside of the subjectinto an electrical signal. A plurality of piezoelectric
transducers are provided in the probe 101, and a deflection angle and focusing of ultrasonic waves to be transmitted
are controlled by selection of the piezoelectric transducers and timing at which a voltage is applied to the piezoelectric
transducers.

[0036] The receiving section 103 amplifies a received signal obtained as a result of conversion of the ultrasonic echo
into an electrical signal, applies different delays to signals received by the respective piezoelectric transducers, and
adds up the signals, whereupon a received signal originating from cnly ultrasonic waves from a given position (focus)
or direction (deflection angle) is output.

[0037] The tomographic image processing section 104 is made up of a filter, a detector, a logarithmic amplifier, and
the like, and analyzes at least an amplitude of a received signal output from the receiving section 103, thereby visualizing
the internal structure of the subject. The boundary detection section 110 analyzes at least the amplitude of the received
signal, thereby detecting a boundary of the tissue of the subject, specifically, at least any of a blood flow-intima boundary,
a media-adventitia boundary, and an adventitia-peripheral tissue boundary in the vascular wall, and outputting the
position of the boundary to the tissue tracking section 108. The tissue tracking section 108 analyzes at least the phase
of the received signal, thereby tracking motions of points of measurement. For example, motions of the points of meas-
urement may also be tracked by use of (Eq. 1) and (Eq. 2) provided in the related-art example. A point of measurement
is a boundary position output from the boundary detection section 110 or positions set at regular intervals in a depthwise
direction.

[0038] The blood pressure value acquisition section 112 is means for acquiring a blood pressure value, and may also
be a keyboard used by the subject to manually input a blood pressure value or a connected blood pressure gauge.
[0039] The tissue character value computing section 109 computes the amount of strain expressed by (Eqg. 3) from
the tracked motions of the boundaries of the subject tissue, and computes either an elastic modulus E expressed by
(Eg. 4) or a viscosity 1 expressed by (Eq. 5) from the thus-acquired amount of strain and the blood pressure value.
[0040]

P=nde/dt +Ee ... (Eq. 5)

[0041] The thus-acquired elastic modulus E or the viscosity | is output as a numeral showing a tissue character or a
tissue character distribution image.

[0042] The image synthesis section 106 superimposes a tomographic image on at least a numeral showing a tissue
character or a tissue character distribution image, and displays a resultant image on the monitor 107.

[0043] The memory 111 stores a received signal and is utilized for re-computing a tissue character value during
stoppage of transmission/receipt of ultrasonic waves (hereinafter called a "freeze state"). The memory 105 is for storing
a tomographic image and outputs a tomographic image synchronizing to the tissue character value in a freeze state.
[0044] Operation of the ultrasonic diagnostic apparatus configured as mentioned above will be described by reference
to Figs. 2 and 3. In Figs. 2 and 3, an elastic modulus is utilized as a tissue character value. However, the tissue character
value is not limited to the elastic modulus, and another tissue character value, such as strain or a viscosity, may also
be utilized. When strain is utilized, a blood pressure value is not required, and hence the blood pressure value acquisition
section 112 can be omitted.

[0045] Figs. 2 and 3 are diagnostic screens showing a longitudinary-split cross section of a blood vessel analogous
to Fig. 8. A region (ROI) 204 for which a tissue character value is computed is set on a monochrome tomographic image
200 to be displayed on the screen.

[0046] In this ultrasonic diagnostic apparatus, the boundary detection section 110 first analyzes a received signal,
thereby detecting the blood flow-intima boundary 205 and the media-adventitia boundary 206. A boundary may also be
detected by analysis of a received signal or may be manually input by the subject through use of a trackball. By way of
example, since a received signal exhibits a small amplitude in a blood flow or a media, a point where a sharp increase
in an amplitude is found as a result of analysis of an amplitude of the received signal is taken as a boundary. Alternatively,
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a blood flow may also be detected by use of a color Doppler technique, or the like, thereby detecting the blood flow-
intima boundary 205. Incidentally, when the position of a boundary is clear enough to dispense with detection, the
boundary detection section 115 is not provided, and information may be registered in advance in the apparatus, or the
subject may input information before measurement. For instance, when the position is specified by means of modality
other than ultrasonic waves, information may also be acquired from the modality. When the position of the boundary
lies in the surface of a skin and when a standoff material is used between the probe 101 and the skin, the size of the
standoff material may also be set previously.

[0047] The tissuetracking section 108 sets points of measurement on the boundary detected by the boundary detection
section 110 or in the vicinity of the boundary, and tracks motions of the points of measurement. Fig. 2 shows points of
measurement by means of outlined circles on the boundary. The tissue character value computing section 109 computes
the amount of strain expressed by (Eq. 3) from the tracked moticns of the boundary of the subject tissue. However, at
this time, the reference thickness Ws is assumed to correspond to a width of an area between the blood flow-intima
boundary 205 and the media-adventitia boundary 206 (a width indicated by a double-headed arrow in Fig. 2). As a result,
an accurate average tissue character value of the area between the boundaries (the area of the intima and the area of
the media in the blood vessel of Fig. 2) can be determined.

[0048] Fig. 3 is a diagnostic screen on which tissue character values converted into color codes are superimposed
on the tomographic image 200. In the embodiment shown in Fig. 3, spaces between the boundaries are displayed in
the same color with respect to the vertical direction. The tissue character values are averaged in a horizontal direction;
whereby a more-accurate average tissue character value of the vascular wall can be determined. Since a received signal
usually exhibits a large amplitude at a boundary, a large signal-to-noise ratio is attained, and motion of the tissue can
be tracked more accurately when compared with another area. Therefore, a more accurate tissue character value can
be determined.

[0049] The tissue tracking section 108 sets a plurality of points of measurement at regular intervals in the ROI 204
ratherthan onthe boundary detected by the boundary detection section | 10, whereby tissue character values of respective
minute areas of the vascular wall can be determined as illustrated in the related-art example. The distribution of tissue
character values in the vascular wall can be observed in detail.

(Second Embodiment)

[0050] Fig. 4 isablock diagram of an ultrasonic diagnostic apparatus of a second embodiment of the present invention.
Elements which are common to the ultrasonic diagnostic apparatus shown in Fig. 1 are assigned the same reference
numerals, and their explanations are omitted.

[0051] The tissue tracking section 113 tracks motions of the points of measurement set at regular intervals in the
depthwise direction on the basis of a phase difference between received signals, through use of (Eq. 1) and (Eqg. 2).
The boundary detection section 115 analyzes at least either the received signal or tracked motions of the points of
measurement, to thus detect boundaries of a tissue, specifically, at least any of the blood flow-intima boundary, the
media-adventitia boundary, and the adventitia-peripheral tissue boundary of the vascular wall; and specifies which one
of the points of measurement tracked by the tissue tracking section 113 corresponds to the position of the boundary.
The tissue character value computing section 114 computes the amount of strain expressed by (Eg. 3) from the motions
of the points of measurement specified by the boundary detection section 113, and computes at least either the elastic
modulus expressed by (Eq. 4) or the viscosity expressed by (Eq. 5) from the acquired amount of strain and the blood
pressure value. The thus-acquired elastic modulus or viscosity is output as a numeral showing a tissue character or a
tissue character distribution image.

[0052] Operation of the ultrasonic diagnostic apparatus configured as mentioned above will be described by use of
Fig. 5. In Fig. 5, the elastic modulus is utilized as a tissue character value, but the tissue character value is not limited
to the elastic modulus. Another tissue character value such as strain or a viscosity may also be utilized. When strain is
utilized, the blood pressure value is obviated, and hence the blood pressure value acquisition section 112 can be omitted.
[0053] Fig. 5 is a diagnostic screens showing a longitudinary-split cross section of a blood vessel analogous to Fig.
8. The region (RQI) 204 for which a tissue character value is computed is set on the monochrome tomographic image
200 to be displayed on the screen, and a plurality of points of measurement are set at regular intervals within the ROI
204 in both the vertical and horizontal directions. In Fig. 5, the points of measurement are designated by outlined circles.
[0054] The tissue tracking section 113 tracks motions of all of the points of measurement by use of (Eq. 1) and (Eg.
2) as in the related-art example. The boundary detection section 115 analyzes at least the received signal or the tracked
motion of the subject tissue, to thus specify the blood flow-intima boundary 205 and the media-adventitia boundary 206,
and specifies which one of the points of measurement tracked by the tissue tracking section 113 corresponds to the
position of the boundary. The boundary may also be detected by analysis of a received signal or may be manually input
by the subject through use of a trackball. By way of example, in addition to the method using the amplitude of a received
signal, there may also be utilized the fact that motion of a blood-flow area involves much noise and that the motion of a
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vascular-wall area involves small noise. Moreover, there may also be utilized the fact that, in the heart contraction phase,
the blood-flow area moves toward the probe under influence of multiple echoes reflected from a vascular anterior wall,
and that an intima of a vascular posterior wall moves in an opposite direction. Further, although unillustrated, there may
also be utilized the fact that elastic moduli among between the points of measurement set at regular intervals determined
by the tissue character value computing section 114 are low at the blood-flow area and high at the intima of the blood
vessel. In Fig. 5, the second point of measurement from the top and the third point of measurement from the bottom are
specified as points of measurement on the boundaries.

[0055] The tissue character value computing section 114 computes the amount of strain expressed by (Eqg. 3) from
the motions of the points of measurement specified by the boundary detection section 110. At this time, the reference
thickness Ws is assumed to correspond to a distance between specified points of measurement; namely, a width of an
area between the blood flow-intima boundary 205 and the media-adventitia boundary 206 (a width indicated by a double-
headed arrow in Fig. 5). As a result, an accurate average tissue character value of the area between the boundaries
(the area of the intima and the area of the media in the blood vessel of Fig. 5)can be determined. Since a received signal
usually exhibits a large amplitude at a boundary, a tissue of the boundary can be tracked more accurately when compared
with the case of a tissue in another area. Therefore, a more accurate tissue character value can be determined.
[0056] The tissue character value computing section 114 determines tissue character values achieved among all of
points of measurement in the ROl 204. As a result, tissue character values in respective minute areas of the vascular
wall can be determined as expressed by the related-art example, so that the distribution of tissue character values in
the vascular wall can be observed in detail.

[0057] Moreover, at least two tissue character value computing modes may be provided, whereby the control section
100 may also control the modes. For instance, an average tissue character value mode and a tissue character value
distribution mode are provided as the tissue character computing modes. As described in connection with the foregoing
embodiments, the average tissue character value mode is a mode for determining an average tissue character value
from strain and a blood pressure of an entire area on the assumption that an area enclosed by boundaries of the vascular
wall is taken as one area. The tissue character value distribution mode is a mode for determining tissue character values
of minute areas of fixed size in the vascular wall as illustrated in the related-art example (see Non-Patent Document 1).
[0058] The subject may switch control of the modes performed by the control section 100 through use of a user
interface, or a two-screen display may also be embodied by simultaneous computation of the modes. As mentioned
above, the average tissue character value mode and the tissue character value distribution mode are provided, and
control is performed such that the distribution of tissue character values can be observed in detail. As a result, a useful
diagnosis can be carried out.

[0059] Whendisplayedonthemonitor 107, a numeral computed by the above-mentioned method may also be displayed
asthe average tissue character value, and the distribution of tissue character values determined by the method described
in connection with the related art may also be displayed in color on a tomographic image in a superimposed manner.
[0060] Descriptions about Figs. 2, 3, and 5 provide explanations about the average tissue character value of the intima
and the media in the vascular wall. However, an average tissue character value of the overall vascular wall may also
be determined by use of the blood flow-intima boundary and the adventitia-peripheral tissue boundary, or an average
tissue character value of the adventitia may also be determined by use of the media-adventitia boundary and the
adventitia-peripheral tissue boundary.

[0061] By means of switching operation performed in a freeze state, a tomographic image stored in the memory 105
and the received signal stored in the memory 111 may also be read, re-computed, and re-displayed. As a result, two
types of tissue character values can be acquired without performance of re-measurement.

[0062] Although the present invention has been described in detail or by reference to the specific embodiments, it is
manifest to those skilled in the art that the present invention is susceptible to various alterations or modifications without
departing from the spirit and scope of the present invention.

The present invention is based on Japanese Patent Application (JP-A-2005-272571) filed on September 20, 2005, the
contents of which are hereby incorporated by reference.

Industrial Applicability

[0063] As mentioned above, according to the present invention, more accurate tissue character values such as strain,
an average elastic modulus, or an average viscosity, can be obtained, and the invention is useful as an ultrasonic
diagnostic apparatus for measuring a tissue character of a subject tissue.

Claims

1. An ultrasonic diagnostic apparatus comprising:
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a receiving section that outputs a received signal based on an ultrasonic echo reflected from inside of a subject
exposed to ultrasonic waves;

atissue tracking section that tracks motions of tissue boundaries of the subject in accordance with the received
signal; and

atissue character value computing section that computes tissue character values of the subject from the motions
of the tissue boundaries of the subject tracked by the tissue tracking section.

2. An ultrasonic diagnostic apparatus comprising:

a receiving section that outputs a received signal based on an ultrasonic echo reflected from inside of a subject
exposed to ultrasonic waves;

a boundary detection section that detects tissue boundaries of the subject from the received signal;

a tissue tracking section that tracks, in accordance with the received signal, motions of the tissue boundaries
of the subject detected by the boundary detection section; and

atissue character value computing section that computes tissue character values of the subject from the motions
of the tissue boundaries of the subject tracked by the tissue tracking section.

3. An ultrasonic diagnostic apparatus comprising:

a receiving section that outputs a received signal based on an ultrasonic echo reflected from inside of a subject
exposed to ultrasonic waves;

a tissue tracking section that tracks motions of tissue of the subject from the received signal;

a tissue boundary detection section that detects tissue boundaries of the subject in accordance with at least
either the received signal or the motions of the tissues of the subject tracked by the tissue tracking section; and
atissue character value computing section that computes tissue character values of the subject from the motions
of the tissue of the subject corresponding to the tissue boundaries of the subject detected by the tissue boundary
detection section.

The ultrasonic diagnostic apparatus according to any one of claims 1 through 3, further comprising:

at least two tissue character value computing modes, wherein tissue character values determined from motions
of the tissue boundaries of the subject are output in a first tissue character value computing mode; and

tissue character values of a minute area of a fixed size of the subject are determined and output in another
tissue character value computing mode.

The ultrasonic diagnostic apparatus according to claim 4, further comprising:

memory that stores the received signal, wherein, when a computing mode is switched in a freeze state, tissue
character values obtainedin a computing mode achieved after switching are output in accordance with a received
signal read from the memory.

The ultrasonic diagnostic apparatus according to any one of claims 1 through 5, further comprising a display section
for displaying tissue character values of the subject, wherein the display section simultaneously displays tissue
character values determined from the motions of the tissue boundaries of the subject and the tissue character values
computed in connection with the minute area of the fixed size in the subject.

The ultrasonic diagnostic apparatus according to claim 6, wherein the tissue character values determined from the
motions of the tissue boundaries are numerals, and the tissue character values computed in connection with the
minute area of the fixed size are displayed in the form of a distribution image.

The ultrasonic diagnostic apparatus according to any one of claims 1 through 7, further comprising:

a blood pressure value acquisition section that acquires a blood pressure value of the subject, wherein the
tissue character value computing section computes at least either an elastic modulus or a viscosity as a tissue
characteristic value ofthe subject from the motions ofthe tissue boundaries of the subject andthe blood pressure
value acquired by the blood pressure value acquisition section.
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