EP 1 637 081 B1

(1 9) Europaisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1637 081 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
24.11.2010 Bulletin 2010/47

(21) Application number: 04733950.2

(22) Date of filing: 19.05.2004

(51) IntCL:

A61B 8/08 (2006.01) G018 7/52(2006.01)
AB1B 5/021(2006.01) AG1B 5/0456 (2006.01)

(86) International application number:

(87)

PCT/JP2004/007110

International publication number:
WO 2004/103185 (02.12.2004 Gazette 2004/49)

(54) ULTRASONOGRAPH
ULTRASCHALLGERAT
ULTRASONOGRAPHE

(84) Designated Contracting States:
DE FR GB

(30) Priority: 20.05.2003 JP 2003142481
03.10.2003 JP 2003346182

(43) Date of publication of application:
22.03.2006 Bulletin 2006/12

(73) Proprietor: Panasonic Corporation
Kadoma-shi
Osaka 571-8501 (JP)

(72) Inventors:
* SUZUKI, Takao
Yokohama-shi,Kanagawa 240-0042 (JP)
* HAGIWARA, Hisashi
Kanagawa 227-0066 (JP)
¢ TANNAKA, Yoshinao
Kanagawa 243-0301 (JP)
* WATANABE, Yoshinobu
Kanagawa 230-0076 (JP)

(74)

(56)

Representative: Schorr, Frank Jiirgen et al
Diehl & Partner GbR
Augustenstrasse 46
80333 Miinchen (DE)

References cited:

JP-A- 5317 313 JP-A- 2000 229 078
JP-A-2001 070 303 JP-A- 2001 286 471
JP-A- 2003 033 352 JP-A- 2003 061 958
JP-A- 2003 290 225 US-A1-2003 013 964
US-A1- 2003 083 578 US-B1- 6 423 006

UMEZAWA J.ET AL.: '‘Domyakuheki no
nendansei tokusei hyoka o mezashita choopa
keisoku ni yoru domyakuheki no undo sokudo
hakei karano kyusho myakuha denpan sokudo
no sanshutsu no teian’ THE INSTITUTE OF
ELECTRONICS, INFORMATION AND
COMMUNICATION ENGINEERS GIJUTSU
KENKYU HOKOKU vol. 99, no. 260, 27 August
1999, pages 17 - 23, XP002966384

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 637 081 B1
Description
Technical Field

[0001] The presentinvention relates to an ultrasonic diagnostic apparatus that creates a distribution image of a tissue
property such as an elastic modulus of a tissue of a subject.

Background Art

[0002] Conventional ultrasonic diagnostic apparatuses irradiate a subject with an ultrasonic wave and convert the
intensity of a reflected echo signal thereof into the luminance of a corresponding pixel, thereby obtaining a tomographic
image of the structure of the subject. Further, in recent years, it is attempted to obtain an elastic modulus of a subject
based on the movement of the subject measured precisely by analyzing the phase of a reflected echo signal.

[0003] For example, JP 10(1998)-5226 A describes a method of tracing a tissue with high accuracy by determining
momentary positions of a subject using both the amplitude and the phase of a demodulation output signal of a reflected
echo signal, thereby capturing micro vibrations on a large amplitude displacement motion caused by heartbeats. The
method of tracing a tissue of a subject described in JP 10(1998)-5226 A will be described with reference to Figure 21.
[0004] In Figure 21, y(t) and y(t + AT) represent received signals of ultrasonic pulses transmitted at an interval of AT
in the same direction of a subject. Herein, t represents a time. Assuming that the pulse transmission time is t = 0, the
reception time t1 of a received signal from a certain depth x1 is expressed as follows: t1 = x1/(C/2), where C represents
a sound velocity. Assuming that the phase displacement between y(t1) and y(t1 + AT) is represented by A6, and the
center frequency of the ultrasonic wave in the vicinity of the time t1 is represented by f, the movement Ax of x1 during
the period AT is expressed as follows:

Ax=-C - A0/4nf D

[0005] By adding Ax to x1, the position x1’ after AT second can be obtained as follows:

x'=x1+Ax = 2)

[0006] By repeating this operation, it is possible to trace the same region x1 of the subject.

[0007] Further, as an example of an advanced form of the method described in JP 10(1998)-5226 A, JP 2000-229078
A describes a method of obtaining a local elastic modulus by precisely tracing a large amplitude displacement motion
caused by heartbeats on each of an inner surface and an outer surface of a blood vessel wall. According to this method,
the motion velocity of micro vibrations superimposed on a large amplitude displacement motion is obtained, a strain of
a blood vessel wall is measured based on a difference in velocity, and a local elastic modulus is obtained based on the
strain and a difference in blood pressure. This method also makes it possible to display a space distribution of the elastic
modulus visually. The method of calculating an elastic modulus described in JP 2000-229078 A will be described with
reference to Figures 22A and 22B.

[0008] Figure 22A shows a blood vessel 300 with an atheroma 303 by way of example. A probe 101 irradiates a
subject 304 with an ultrasonic wave and receives an echo from the blood vessel 300, particularly an artery. Measurement
points A and B are set on a blood vessel wall, and received signals from the measurement points A and B are analyzed
by the above-mentioned method, whereby the movement (position) of each of the measurement points A and B is traced.
[0009] As shown by an ECG waveform in Figure 22B, the artery contracts and expands repeatedly in response to
heartbeats. Accordingly, the movements of the measurement points A and B are periodic as shown by tracing waveforms
TA and TB, respectively. That is to say, the movements of the measurement points A and B follow the movement of the
blood vessel wall that expands rapidly when the heart contracts and contracts gradually when the heart expands. A
waveform W (= TB - TA) showing a change in the thickness between the measurement points A and B can be obtained
from the tracing waveforms TA and TB. Assuming that the change amount of the thickness change waveform W is
represented by AW, and the reference thickness when the measurement points are initialized is represented by Ws, the
strain € between the measurement points A and B is expressed as follows:

e=AW/Ws 3)
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[0010] Assuming that the difference in blood pressure at this time is represented by AP, the elastic modulus Er between
the measurement points A and B can be obtained by the following equation:

Er = AP/e
= AP - Ws/AW ' (4)

[0011] By performing this operation with respect to a plurality of points on a tomographic image, a distribution image
of the elastic modulus can be obtained.

[0012] However, in the method of tracing a tissue described in JP 10(1998)-5226 A, since a position change is added
sequentially, errors that have occurred due to various causes such as noise and hand movement are accumulated,
resulting in a decrease in tracing accuracy. In the method described in JP 2000-229078 A, in order to solve the above-
mentioned problem, the tracing position is initialized regularly by an R wave detected from an electrocardiogram. However,
in order to carry out an electrocardiogram, it is required to attach electrodes to at least three places of a subject and it
takes time and labor to attach/detach the electrodes. US 2003/0083578 A1 discloses an ultrasonic diagnostic apparatus
comprising an ultrasound probe including an ultrasound oscillator array which converts electrical signals into ultrasound
waves. A transmission unit generates driving signals to transmit ultrasound waves from the ultrasound oscillator array.
The transmission unit generates a driving signal with a predetermined delay characteristic for each oscillator, so as to
form an ultrasound beam toward a predetermined scan line. A reception unit generates an unltrasound echo signal
corresponding to the predetermined scan line.

[0013] A processing unit generates a B-mode signal corresponding to the amplitude strength of the ultrasound echo
and also generates a B-mode ultrasound image representing a two-dimensional distribution on a predetermined slice
of this B-mode signal. A tissue Doppler processing unit obtains a tissue Doppler signal corresponding to the velocity,
variance, and power of the tissue that is moving in the object. The Doppler processing unit also generates a tissue
Doppler ultrasound image representing a two-dimensional distribution of the signal. A motion information processing
unit executes a series of processes to obtain motion information on the basis of the B-mode ultrasound image and
Doppler ultrasound image output from the B-mode processing unit and tissue Doppler processing unit. A display control
unit generates a display image on the basis of a B-mode ultrasound image, Doppler ultrasound image, and two -dimen-
sional distribution image of displacement or strains.

Disclosure of Invention

[0014] An object of the present invention is to provide an ultrasonic diagnostic apparatus that is capable of obtaining
a tissue property such as a strain, an elastic modulus, and a viscosity coefficient with a simple operation of only applying
a probe to a subject without the need for a special connection of an electrocardiograph, a phonocardiograph, or the like
between the device and the subject. Another object of the present invention is to provide an ultrasonic diagnostic
apparatus that is capable of tracing the movement of a tissue of a subject with accuracy.

[0015] The object is solved by an apparatus according to independent claims 1 and 5.

[0016] In order to achieve the above-mentioned objects, an ultrasonic diagnostic apparatus according to a first basic
configuration of the present invention includes: ultrasonic wave transmission and reception means for transmitting and
receiving an ultrasonic wave with respect to a subject; tissue tracing means for analyzing a received signal to trace a
movement of a tissue of the subject; and property detection means for detecting a property concerning the movement
of the tissue of the subject based on the movement of the tissue of the subject being traced, and outputting a property
detection signal, wherein the tissue tracing means is initialized based on the property detection signal.

[0017] An ultrasonic diagnostic apparatus according to a second basic configuration of the present invention includes:
ultrasonic wave transmission and reception means for transmitting and receiving an ultrasonic wave with respect to a
subject; tissue tracing means for analyzing a received signal to trace a movement of a tissue of the subject; and property
detection means for detecting a property concerning the movement of the tissue of the subject based on an amplitude
or a phase of the received signal in accordance with the movement of the tissue of the subject, and outputting a property
detection signal, wherein the tissue tracing means is initialized based on the property detection signal.

[0018] An ultrasonic diagnostic apparatus according to a third basic configuration of the present invention includes:
ultrasonic wave transmission and reception means for transmitting and receiving an ultrasonic wave with respect to a
subject; tissue tracing means for analyzing a received signal to trace a movement of a tissue of the subject; Doppler
signal processing means for detecting a Doppler shift of the received signal in accordance with the movement of the
tissue of the subject being traced; and property detection means for detecting a property concerning the movement of
the tissue of the subject based on the detected Doppler shift, and outputting a property detection signal, wherein the
tissue tracing means is initialized based on the property detection signal.
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[0019] According to any one of the first to third basic configurations, it is possible to trace a tissue of a subject accurately
with a simple operation of only applying a probe to the subject without the necessity for a special connection between
the subject and the device.

[0020] It is preferable that any one of the above-mentioned basic configurations further includes delay means for
delaying the property detection signal for a predetermined delay time, wherein the tissue tracing means is initialized by
the delayed property detection signal. According to this configuration, initialization is performed at a more appropriate
timing, whereby the movement of a tissue of a subject can be detected with increased accuracy.

[0021] In this configuration, the predetermined delay time can be estimated from several immediately preceding in-
tervals at which the property concerning the movement is detected. Consequently, in the case where a tissue of a subject
is, for example, a blood vessel, the timing of initialization can be set immediately before an end stage of a blood vessel
contraction period. Therefore, each time required for a change in the thickness of a blood vessel wall to be maximum
or minimum from the timing of the initialization can be shortened, whereby a tissue property such as an elastic modulus
can be obtained with high tracing accuracy.

[0022] An ultrasonic diagnostic apparatus according to a fourth basic configuration of the present invention includes:
ultrasonic wave transmission and reception means for transmitting and receiving an ultrasonic wave with respect to a
subject; delay means for delaying a received signal; tissue tracing means for analyzing at least the delayed received
signal to trace a movement of a tissue of the subject; and property detection means for detecting a property concerning
the movement of the tissue of the subject, and outputting a property detection signal, wherein the tissue tracing means
is initialized based on the property detection signal.

[0023] It is possible that any one of the first to fourth basic configurations includes selection means for analyzing
movements of a plurality of tissues of the subject to select one from the plurality of tissues of the subject, wherein the
property detection means detects a property concerning a movement of the selected tissue of the subject, and outputs
the property detection signal.

[0024] Itis possible that any one of the first to fourth basic configurations further includes selection means for analyzing
a plurality of received signals to select one from a plurality of tissues of the subject, wherein the property detection means
detects a property concerning a movement of the selected tissue of the subject, and outputs the property detection signal.
[0025] Itis possible that any one of the first to fourth basic configurations further includes selection means for analyzing
Doppler shifts of a plurality of received signals to select one from a plurality of tissues of the subject, wherein the property
detection means detects a property concerning a movement of the selected tissue of the subject, and outputs the property
detection signal.

[0026] It is possible that any one of the first to fourth basic configurations further includes: means for calculating a
tissue property of the subject such as a strain, a viscosity coefficient, and an elastic modulus based on the movement
of the tissue of the subject; and selection means for analyzing the tissue property of the subject to select one from a
plurality of tissues of the subject, wherein the property detection means detects a property concerning a movement of
the selected tissue of the subject, and outputs the property detection signal.

[0027] In any one of the above-mentioned configurations, the property concerning the movement can be a property
that is in synchronization with a heartbeat. Alternatively, the property concerning the movement can be a property that
is in synchronization with pressure relaxation or vibration produced externally.

[0028] Further, it is preferable that any one of the above-mentioned configurations includes means for switching
between an initializing operation by the initializing means and an initializing operation of initializing the tracing means
by a signal that is in synchronization with a heartbeat, the signal being taken from means for measuring heartbeat
information including an electrocardiogram or a cardiac sound. Consequently, it is possible to switch easily between a
conventional initializing operation by an electrocardiogram and an initializing operation according to any one of the
above-mentioned configurations depending upon the circumstances.

[0029] Further, itis possible that any one of the above-mentioned configurations further includes means for calculating
a tissue property of the subject such as a strain and a viscosity coefficient based on movements of a plurality of tissues
of the subject. Alternatively, it is possible that any one of the above-mentioned configurations further includes means
for obtaining a strain of the tissue of the subject based on movements of a plurality of tissues of the subject, and calculating
an elastic modulus of the tissue of the subject based on the strain and a blood pressure value that is taken from blood
pressure measurement means.

Brief Description of Drawings

[0030]

Figure 1 is a diagram of waveforms of respective parts showing an operation of an ultrasonic diagnostic apparatus
according to Embodiment 1 of the present invention.
Figure 2 is a block diagram of the ultrasonic diagnostic apparatus according to Embodiment 1.
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Figure 3 is a view illustrating an exemplary display screen of a monitor 107 of the ultrasonic diagnostic apparatus.
Figure 4 is a block diagram showing an ultrasonic diagnostic apparatus according to Embodiment 2 of the present
invention.

Figure 5 is a waveform diagram for explaining an advantage of the ultrasonic diagnostic apparatus according to
Embodiment 2.

Figure 6 is a waveform diagram for explaining an operation of the ultrasonic diagnostic apparatus according to
Embodiment 2.

Figure 7 is a block diagram showing an exemplary modification of the ultrasonic diagnostic apparatus according to
Embodiment 2.

Figure 8 is a block diagram showing another exemplary modification of the ultrasonic diagnostic apparatus according
to Embodiment 2.

Figure 9 is a block diagram showing an exemplary configuration of an ultrasonic diagnostic apparatus according to
Embodiment 3 of the present invention.

Figure 10A is a schematic view showing places (measurement points) at which the movement of a tissue of a subject
is traced by using the ultrasonic diagnostic apparatus according to Embodiment 3.

Figure 10B is a waveform diagram for explaining an operation of the ultrasonic diagnostic apparatus according to
Embodiment 3.

Figure 11 is a block diagram showing an exemplary modification of the ultrasonic diagnostic apparatus according
to Embodiment 3.

Figure 12 is a block diagram showing another exemplary modification of the ultrasonic diagnostic apparatus according
to Embodiment 3.

Figure 13 is a block diagram showing an ultrasonic diagnostic apparatus according to Embodiment 4 of the present
invention.

Figure 14 is a view illustrating a screen of the ultrasonic diagnostic apparatus according to Embodiment 4.

Figure 15 is a view illustrating another screen of the ultrasonic diagnostic apparatus according to Embodiment 4.
Figure 16A shows respective measurement points of a subject, and Figure 16B is a waveform diagram showing
exemplary tracing waveforms obtained from the respective measurement points shown in Figure 16A.

Figure 17 is a block diagram showing an exemplary modification of the ultrasonic diagnostic apparatus according
to Embodiment 4 of the present invention.

Figure 18 is a block diagram showing another exemplary modification of the ultrasonic diagnostic apparatus according
to Embodiment 4.

Figure 19 is a block diagram showing still another exemplary modification of the ultrasonic diagnostic apparatus
according to Embodiment 4.

Figure 20 is a block diagram showing still another exemplary maodification of the ultrasonic diagnostic apparatus
according to Embodiment 4.

Figure 21 is a waveform diagram for explaining a method of tracing a tissue of a subject according to a conventional
example.

Figure 22A is a schematic view showing places (measurement points) at which the movement of a tissue of a subject
is traced according to a conventional example and the embodiments of the present invention.

Figure 22B is awaveform diagram for explaining a method of tracing a tissue of a subject according to the conventional
example.

Description of the Invention

(Embodiment 1)

[0031] An operation of an ultrasonic diagnostic apparatus according to Embodiment 1 of the present invention will be
described with reference to Figure 1. Figure 1 is a diagram of waveforms of respective parts showing an operation of
the ultrasonic diagnostic apparatus according to the present embodiment. These waveforms are obtained when an
ultrasonic wave is applied to a blood vessel of a subject as shown in Figure 22A. In Figure 1, ECG represents an
electrocardiographic waveform, TA represents a tracing waveform at a measurement point A in Figure 22A, and TB
represents a tracing waveform at a measurement point B. W (= TB - TA) represents a thickness change waveform, TA’
represents a differentiated waveform of TA, and RST represents an initializing pulse.

[0032] As described using the equations (1) and (2), the measurement points A and B are set on a blood vessel wall,
and the phases of received signals are analyzed, whereby the movement of each of the measurement points A and B
is traced. An artery contracts and expands repeatedly in response to heartbeats. Accordingly, the movements of the
measurement points A and B are periodic as shown by the tracing waveforms TA and TB in Figure 1, respectively. The
waveform W showing a change in the thickness between the measurement points A and B can be obtained from the
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tracing waveforms TA and TB.

[0033] Assuming thatthe change amount of the thickness change waveform W is represented by AW, and the reference
thickness when the measurement points are initialized is represented by Ws as described above, the strain € between
the measurement points A and B is expressed as follows:

£ = AW/Ws

[0034] Assuming that the difference in blood pressure at this time is represented by AP, the elastic modulus Er between
the measurement points A and B can be obtained by the following equation:

Er = AP/e = AP - Ws/AW

[0035] By performing the operation and processing as described above with respect to a plurality of measurement
points on a tomographic image, a distribution image of the elastic modulus indicating the hardness and softness of a
tissue of a subject can be obtained.

[0036] Further, in the present embodiment, the measurement points A and B as tracing positions are initialized by
using a change in the tracing waveform TA, i.e., the differentiated waveform TA’ as shown in Figure 1, while such
initialization conventionally has been performed with an R wave detected from an electrocardiogram. More specifically,
one initializing pulse RST is generated from the differentiated waveform TA’ per one heartbeat, and the measurement
positions A and B as tracing positions are initialized by the initializing pulse. In this case, the threshold value TH may
be a constant value, a value as a certain percentage of the immediately preceding maximum value, or a dynamic value
that decreases with time. In order to prevent the initializing pulse RST from being generated continuously, it is also
effective to provide a dead time of several hundreds of milliseconds. In brief, it is important to generate one initializing
pulse per one heartbeat reliably.

[0037] In the above-mentioned manner, a distribution image of the elastic modulus can be obtained with a simple
operation of only applying a probe to a subject without the need for a special connection of an electrocardiograph or the
like between the device and the subject.

[0038] In Figure 1, the initialization is performed by using the tissue tracing waveform TA. However, a measurement
point may be provided additionally for initialization. In such a case, the measurement point preferably is provided on a
blood vessel wall, but may be provided on any tissues that move in synchronization with a heartbeat such as a tissue
in the vicinity of a blood vessel.

[0039] According to the configuration in Figure 1, the initialization is performed by using the differentiated waveform
of the tissue tracing waveform. However, the present embodiment is not limited thereto, and various other information
may be used as a property of a subject that is in synchronization with a heartbeat so as to obtain a property detection
signal. For example, any information that moves in synchronization with a heartbeat is available such as the tissue
tracing waveform itself, the thickness change waveform W, a change in the strain €, a pulse wave on a blood vessel, a
blood flow velocity, a blood flow intensity, a pulse, a momentary blood pressure waveform, a cardiac sound, differentiated
waveforms thereof, and the like.

[0040] Next, a specific configuration of the ultrasonic diagnostic apparatus that achieves the above-described operation
will be described with reference to Figure 2. Figure 2 is a circuit block diagram showing an exemplary configuration of
the ultrasonic diagnostic apparatus according to the present embodiment.

[0041] In Figure 2, a control unit 100 controls the overall ultrasonic diagnostic apparatus. A transmission unit 102
generates a high-voltage transmission pulse for driving a probe 101 on receipt of instructions concerning a pulse width,
atiming, the number of pulses, and the like from the control unit 100. The probe 101 converts the high-voltage transmission
pulse from the transmission unit 102 into an ultrasonic wave to irradiate a subject with the ultrasonic wave and converts
an ultrasonic echo reflected from an inside of the subject into an electronic signal. A reception unit 103 amplifies a
received signal and detects an ultrasonic wave only from a predetermined position and direction. A tomographic image
processing unit 104, which is constituted by a bandpass filter, a logarithmic compressor, a demodulator, and the like,
mainly analyzes the amplitude of the received signal to create an image of the internal structure of the subject.

[0042] An elastic modulus distribution image processing unit 105, which is constituted by an quadrature demodulation
unit 114, a tissue tracing unit 115, an elastic modulus calculation unit 116 as tissue property calculation means, and an
elastic modulus distribution image creation unit 117, creates an image of a two-dimensional distribution of an elastic
modulus. The quadrature demodulation unit 114 subjects the received signal to quadrature demodulation. The tissue
tracing unit 115, which is one of the central components for tracing the movement of a tissue of a subject with accuracy
in the present embodiment, mainly analyzes the phase of the received signal to trace the movement of a tissue. The



10

15

20

25

30

35

40

45

50

55

EP 1 637 081 B1

elastic modulus calculation unit 116 calculates a strain of the tissue from a plurality of traced movements of the tissue,
and calculates a local elastic modulus of the tissue based on a blood pressure value measured by a blood pressure
measurement unit 108 and the strain. The elastic modulus distribution image creation unit 117 creates an image of a
two-dimensional distribution of the elastic modulus.

[0043] A Doppler signal processing unit 118 analyzes a Doppler shift of the received signal to detect the movement
of the tissue or a blood flow. A property detection unit 120 analyzes the amplitude or the phase of the one-dimensional
received signal or the Doppler shift or a tissue tracing waveform obtained by analyzing the amplitude or the phase of
the received signal, detects a property of the subject that is in synchronization with a heartbeat, and generates an
initializing pulse for initializing the tissue tracing unit 115 as a property detection signal. In the present embodiment,
since the one-dimensional signal before an image is created is used, a signal that is in synchronization with a heartbeat
can be detected easily and accurately as compared with a method in which a signal that is in synchronization with a
heartbeat is detected by analyzing an image. The initializing pulse is also a timing signal for calculating the elastic
modulus in the elastic modulus calculation unit 116. A heartbeat information measurement unit 122 detects a property
that is in synchronization with a heartbeat from a pulsimeter, a real time sphygmomanometer, a sphygmograph, or the
like. A switch 119 selects an input signal to the property detection unit 120 from the outputs of the tissue tracing unit
115, the Doppler signal processing unit 118, and the reception unit 103. A switch 121 selects an initializing signal to the
tissue tracing unit 115 from the outputs of the property detection unit 120, the heartbeat information measurement unit
122, and an electrocardiogram measurement unit 109.

[0044] Animage synthesis unit 106 synthesizes the tomographic image, the distribution image of the elastic modulus,
an electrocardiographic waveform, and the like and displays the synthesized image on a monitor 107. A tomographic
image memory 110, an elastic modulus distribution image memory 111, and a waveform memory 112 record the tom-
ographic image, the distribution image of the elastic modulus, and the electrocardiographic waveform or a cardiac sound
waveform, respectively.

[0045] Figure 3isaviewillustratingan exemplary display screen of the monitor 107. On the monitor screen, a distribution
image 201 of the elastic modulus is superimposed on a tomographic image 200. Figure 3 shows the tomographic image
200 of a blood vessel with an atheroma 303 in a long axis direction (an anterior wall 301 and a posterior wall 302 of the
blood vessel) by way of example. Further, a reflection intensity scale 202 indicating the correspondence between the
reflection intensity of the tomographic image 200 and the luminance on the screen, an elastic modulus scale 203 indicating
the correspondence between the elastic modulus and the color tone or luminance on the screen, an electrocardiographic
or cardiac sound waveform 204, and the like are displayed.

[0046] In Figure 2, the initializing signal to the tissue tracing unit 115 is selected by operating the switch 121. When
amoving contact of the switch 121 selects a b-side contact, the initialization is performed by using the electrocardiographic
waveform as in a conventional method. When the moving contact of the switch 121 selects an a-side contact, the
initialization can be performed by the method of the present embodiment. Consequently, when there is a need to obtain
distribution images of the elastic modulus of a plurality of subjects in a short time, the distribution images of the elastic
modulus can be obtained promptly without requiring complicated operations such as reattaching an electrocardiograph
by using the initialization method of the present embodiment. By setting the switch 121 to the other side, it is also possible
to deal with the case where initialization is required to be performed reliably by using the electrocardiographic waveform.
[0047] Further, when the moving contact of the switch 121 selects a c-side contact, the initialization can be performed
by using a property that is in synchronization with a heartbeat, the property being detected by the heartbeat information
measurement unit 122 such as a pulsimeter, a real time sphygmomanometer, a sphygmograph, or the like provided
outside the device. Since a pulsimeter, a real time sphygmomanometer, a sphygmograph, or the like can be connected
between a subject and the device with fewer cables and attached to the subject easily as compared with an electrocar-
diograph, it is possible to save an operator a lot of time and labor.

[0048] Further, the input signal to the property detection unit 120 can be selected by operating the switch 119. When
a moving contact of the switch 119 selects an a-side contact, the initializing pulse can be generated based on the tissue
tracing waveform from the tissue tracing unit 115. When the moving contact of the switch 119 selects a b-side contact,
the initializing pulse can be produced based on the velocity or the intensity of a blood flow in a blood vessel or the Doppler
shift due to the movement of the tissue. Further, when the moving contact of the switch 119 selects a c-side contact,
the initializing pulse can be produced based on the amplitude or the phase of the received signal or the like.

[0049] In the above-described example, the description relates to the ultrasonic diagnostic apparatus that calculates
a strain of a tissue of a subject in accordance with a change in blood pressure in one heartbeat so as to obtain an elastic
modulus. However, the present embodiment also can be applied to an ultrasonic diagnostic apparatus that traces a
tissue of a subject in accordance with pressure relaxation or vibration produced externally, so as to obtain a tissue
property of the subject such as a strain, an elastic modulus, a viscosity coefficient, or the like. In such a case, the
initializing pulse to the tissue tracing unit is in synchronization with the external pressure relaxation or vibration.



10

15

20

25

30

35

40

45

50

55

EP 1 637 081 B1
(Embodiment 2)

[0050] Figure 4 is a block diagram showing an exemplary configuration of an ultrasonic diagnostic apparatus according
to Embodiment 2 of the present invention. In Figure 4, the same components as those shown in Figure 2 with regard to
Embodiment 1 are denoted with the same reference numerals, and descriptions thereof will be omitted.

[0051] A property detection unit 120, which is one of the central components for tracing the movement of a tissue of
a subject with accuracy in the present embodiment, analyzes the amplitude or the phase of a one-dimensional received
signal or a Doppler shift or a tissue tracing waveform obtained by analyzing the amplitude or the phase of the received
signal, detects a property (including a heartbeat) concerning the movement of the subject, particularly a property that is
in synchronization with the movement, and generates a synchronization pulse SP as a property detection signal from
the timing of detecting the property. In the present embodiment, since the one-dimensional signal before an image is
created is used, a signal that is in synchronization with a heartbeat can be detected easily and accurately as compared
with a method in which a signal that is in synchronization with a heartbeat is detected by analyzing an image. A pulse
delay unit 124 as another principal component delays the synchronization pulse for a predetermined delay time to
generate an initializing pulse RST as an initializing signal for initializing a tissue tracing unit 115. The initializing pulse
RST is also a timing signal for calculating an elastic modulus in an elastic modulus calculation unit 116.

[0052] A switch 121 selects the initializing signal to the tissue tracing unit 115 from the outputs of the pulse delay unit
124 and a biological signal measurement unit 125. The biological signal measurement unit 125 is means for measuring
an electrocardiogram, a cardiac sound, or the like. An exemplary display screen of a monitor 107 is the same as that
shown in Figure 3.

[0053] Next, operations of the property detection unit 120 and the pulse delay unit 124 as principal components in the
present embodiment will be described in further detail with reference to Figures 5 and 6. Hereinafter, a description is
given of the case where in Figure 4, a common contact of the switch 121 selects an a-side contact so that the property
detection signal RST obtained by delaying by the pulse delay unit 124 is used as the initializing signal for initializing the
tissue tracing unit 115, and the property detection unit 120 detects the property concerning the movement of the tissue
of the subject based on the tracing waveform of the tissue of the subject.

[0054] Figure 5 shows from the top an ECG waveform, a tracing waveform TA at a measurement point A of a blood
vessel 300 (Figure 22A), a tracing waveform TB at a measurement point B, a thickness change waveform W (= TB -
TA), a differentiated waveform TA’ of TA, and the synchronization pulse SP. Initially, the tracing waveform is processed
so as to detect one synchronization pulse SP per one heartbeat. Figure 5 shows an exemplary case where the differ-
entiated waveform TA'’ of the tracing waveform TA is compared with a threshold value TH and the synchronization pulse
SP is generated at the time when the differentiated waveform TA’ exceeds the threshold value TH. However, the present
embodiment is not limited thereto. Any information that moves in synchronization with a heartbeat is available such as
a change in the amplitude or the phase of the received signal, the tissue tracing waveform itself, the thickness change
waveform W, a change in the strain g, a pulse wave on a blood vessel, a blood flow velocity or a blood flow intensity
detected by the Doppler shift of the received signal, a pulse, a momentary blood pressure waveform, a cardiac sound,
differentiated waveforms thereof, and the like. In brief, it is important to generate one synchronization pulse SP per one
heartbeat reliably.

[0055] By using the synchronization pulse SP, the tracing waveforms can be initialized once per one heartbeat without
the need for a special connection of an electrocardiograph, a phonocardiograph, or the like between the subject and the
device. In this case, the timing of the initialization falls within a period of blood vessel expansion. A blood vessel expands
rapidly and contracts gradually. In order to obtain the elastic modulus, it is required to obtain a maximum value and a
minimum value (a difference therebetween: AW) of a change in the thickness of a blood vessel wall. Although the
minimum value appears at an end stage of the blood vessel expansion period, i.e., immediately after the initialization
(point C in Figure 5), the maximum value appears at an end stage of a blood vessel contraction period, i.e., after the
elapse of a considerable time from the initialization (point D in Figure 5).

[0056] Since the tissue of the subject is traced by adding a position change cumulatively as expressed by the equation
(2) above, the tracing accuracy decreases with time from the initialization. Accordingly, considerable errors are accu-
mulated at the point D where a considerable time has elapsed from the initialization. For this reason, in order to increase
the tracing accuracy, the points C and D preferably come immediately after the initialization.

[0057] To this end, in the present embodiment, the tracing waveforms are initialized by using a pulse obtained by
allowing the synchronization pulse SP to pass through the pulse delay unit 124 instead of using the synchronization
pulse SP directly. More specifically, as shown in Figure 6, the synchronization pulse SP is delayed for a time oT1 that
is proportional to an interval T1 between two synchronization pulses SP (a current pulse and an immediately preceding
pulse), thereby generating the initializing pulse RST. The tracing waveforms are initialized by resetting the tissue tracing
unit 115 using the initializing pulse RST thus obtained. The delay time may be set to approximately 90% of the interval
between the two property detection pulses, i.e., synchronization pulses SP (the current pulse and the immediately
preceding pulse), so that the timing of the initialization can be set immediately before an end stage of a blood vessel
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contraction period. Consequently, both the maximum value and the minimum value of the change in the thickness of
the blood vessel wall are allowed to appear in a shorter time from the initialization (points B and C in Figure 6). As a
result, the tracing accuracy is prevented from decreasing, and the elastic modulus can be obtained with high tracing
accuracy. Further, according to this method, the initialization can be performed at about the same timing as that of
conventional initialization using an R wave of an electrocardiogram.

[0058] The heart does not always beat with the same period (particularly in the case of an irregular heartbeat). On
this account, the delay time may be changed in accordance with the subject in a range of approximately 70% to 95% of
the interval between the property detection pulses, set to 70% to 95% of an average value of immediately preceding
several intervals between the property detection pulses, or set to 70% to 95% of a subsequent pulse interval that is
estimated by approximating immediately processing several pulse intervals by a polynomial expression. Consequently,
a heartbeat interval can be estimated more accurately, and the timing of the initialization can be set to fall at an end
stage of a blood vessel contraction period accurately, which makes it possible to perform more appropriate initialization.
[0059] Further, as shown in Figure 7, a Doppler signal processing unit 118 for detecting a Doppler shift of a received
signal may be provided, so that a property concerning the movement is detected from the Doppler shift. The Doppler
signal processing unit 118 also is provided in a conventional ultrasonic diagnostic apparatus to detect a blood flow. The
velocity and the power of a blood flow reflect the movement of the heart directly. Thus, by using them, it is possible to
generate one pulse per one heartbeat reliably with high accuracy. Further, as shown in Figure 8, it is also possible to
detect a property by analyzing a received signal directly. In such a case, the amplitude or the phase of a received signal
from a certain depth is monitored, and a point at which the amplitude or the phase is changed significantly or the like is
detected, whereby it is possible to generate one pulse per one heartbeat easily.

(Embodiment 3)

[0060] Figure 9is a block diagram showing an exemplary configuration of an ultrasonic diagnostic apparatus according
to Embodiment 3 of the present invention. The present embodiment is different from Embodiment 2 in that a received
signal memory 113 is provided instead of the pulse delay unit 124 and a tracing waveform for obtaining an initializing
pulse RST is provided separately from tracing waveforms for obtaining a thickness change. In Figure 9, the components
having the same configurations and functions as those in Embodiment 2 will be denoted with the same reference
numerals, and descriptions thereof will be omitted.

[0061] In Figure 9, the received signal memory 113 stores and reads/writes a received signal in the first-in first-out
(FIFO) system, thereby providing the received signal with a predetermined delay time. The received signal may be one
obtained either before or after quadrature demodulation.

[0062] Next, operations of a property detection unit 120 and the received signal memory 113 as principal components
in the present embodiment will be described in detail with reference to Figures 10A and 10B. Hereinafter, a description
is given of the case where a common contact of a switch 122 in Figure 9 selects an a-side contact.

[0063] Figure 10A is a schematic view showing places (measurement points) at which the movement of a tissue of a
subject is traced, the figure containing a measurement point Z in addition to the measurement points A and B as shown
in Figure 22A. Figure 10B shows from the top an ECG waveform, a tracing waveform TA at the measurement point A
of a blood vessel 300 (Figure 10A), a tracing waveform TB at the measurement point B, a thickness change waveform
W (TB - TA), a tracing waveform TZ at the measurement point Z, a differentiated waveform TZ’ of the tracing waveform
TZ, and the initializing pulse RST. In the present embodiment, the tracing waveform is processed so as to detect one
initializing pulse RST per one heartbeat. By using the initializing pulse RST, the tracing waveforms are initialized once
per one heartbeat without the need for a special connection of an electrocardiograph, a phonocardiograph, or the like
between the subject and the device. However, as described in Embodiment 2 with reference to Figure 5, the timing of
initialization falls within a blood vessel expansion period, and it takes a considerable time from the initialization until a
maximum value of the thickness change waveform appears.

[0064] To solve this problem, in the present embodiment, the tracing waveform TZ for obtaining the initializing pulse
RST and the tracing waveforms TA and TB for obtaining a thickness change are provided separately. The tracing
waveform TZ for obtaining the initializing pulse is measured immediately after reception and subjected to processing for
detecting a property concerning the movement, whereby the initializing pulse RST is created. The tracing waveforms
TA and TB for obtaining a thickness change are stored initially in the received signal memory 113 and then transmitted
to a tissue tracing unit 115 after a predetermined delay time, whereby the thickness change is obtained.

[0065] In order to achieve a sufficient effect and simplify the processing, the predetermined delay time is preferably
a time T2 between immediately before an end stage of a blood vessel contraction period and the detection of the
initializing pulse RST, which is obtained by analyzing the tracing waveform TZ, but may be a fixed value of approximately
0.1 to 0.2 seconds. Consequently, the timing of the initialization can be set immediately before the end stage of the
blood vessel contraction period, and both the maximum value and a minimum value of the change in the thickness of a
blood vessel wall are allowed to appear in a shorter time from the initialization (points B and C in Figure 6). As a result,
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the elastic modulus can be obtained with high tracing accuracy.

[0066] There occurs a problem that an obtained distribution image of the elastic modulus and a tomographic image
are out of time phase with each other since the elastic modulus is obtained from the tissue tracing waveforms that are
obtained from the delayed received signals. However, in the present embodiment, a tomographic image memory 110
is provided so as to delay the tomographic image, thereby eliminating this problem.

[0067] Further, as shown in Figure 11, a Doppler signal processing unit 118 for detecting a Doppler shift of a received
signal may be provided, so that a property concerning the movement is detected from the Doppler shift. The Doppler
signal processing unit 118 also is provided in a conventional ultrasonic diagnostic apparatus to detect a blood flow. The
velocity and the power of a blood flow reflect the movement of the heart directly. Thus, by using them, it is possible to
generate one pulse per one heartbeat reliably with high accuracy. Further, as shown in Figure 12, it is also possible to
detect a property by analyzing a received signal directly. In such a case, the amplitude or the phase of a received signal
from a certain depth is monitored, and a point at which the amplitude or the phase is changed significantly or the like is
detected, whereby it is possible to generate one pulse per one heartbeat easily.

[0068] In the configuration in each of Figures 4 and 9, when the common contact of each of the switches 121 and 122
selects a b-side contact, the initialization is performed by using the electrocardiographic waveform or a cardiac sound
waveform as in a conventional method. When the common contact of each of the switches 121 and 122 selects the a-
side contact, the initialization can be performed by the method shown in each of the present embodiments. Consequently,
in the case of a medical examination or the like where there is a need to obtain distribution images of the elastic modulus
of a plurality of subjects in a short time, it is possible to obtain the distribution images of the elastic modulus promptly
without requiring complicated operations such as reattaching an electrocardiograph or the like by using the method
shown in each of the present embodiments. By setting each of the switches 121 and 122 to the other side, it is also
possible to deal with the case where initialization is required to be performed reliably by using the electrocardiographic
waveform or the like.

[0069] In each of Embodiments 2 and 3, the description relates to the ultrasonic diagnostic apparatus that calculates
a strain of a tissue of a subject in accordance with a change in blood pressure in one heartbeat so as to obtain an elastic
modulus. However, these embodiments also can be applied to an ultrasonic diagnostic apparatus that traces a tissue
of a subject in accordance with pressure relaxation or vibration produced externally, so as to obtain a tissue property
indicating a physical property of the tissue of the subject such as a strain, an elastic modulus, a viscosity coefficient, or
the like. In such a case, it is important that the synchronization pulse to the tissue tracing unit is in synchronization with
the external pressure relaxation or vibration, and that the predetermined delay time is adjusted in a range of 0% to 100%
of the interval between the property detection pulses in accordance with the external pressure relaxation or vibration so
that the maximum value and the minimum value of the thickness change width appear in as short a time from initialization
as possible.

(Embodiment 4)

[0070] Figure 13isablock diagram showing an exemplary configuration of an ultrasonic diagnostic apparatus according
to Embodiment 4 of the present invention. The ultrasonic diagnostic apparatus has a different configuration from that
shown in Figure 4 with regard to Embodiment 2 in that a waveform selection unit 130 is provided further. In Figure 13,
the components having the same configurations and functions as those in Embodiment 2 will be denoted with the same
reference numerals, and descriptions thereof will be omitted.

[0071] The waveform selection unit 130 has two input terminals (input terminals R and Q), and analyzes waveforms
input to the input terminal R and selects and outputs one from waveforms input to the input terminal Q based on the
analysis result. In the configuration in Figure 13, a plurality of tracing waveform signals are input to the input terminal Q
of the waveform selection unit 130, and the plurality of tracing waveform signals are input to the input terminal R. The
waveform selection unit 130 analyzes the tracing waveform signals input to the input terminal R, and selects one tracing
waveform signal from the tracing waveform signals input to the input terminal Q using the analysis result.

[0072] A property detection unit 120 analyzes the selected tracing waveform in the same manner as shown in Figure
6, for example. That is, for example, the property detection unit 120 subjects a change in a tracing waveform TA at a
measurement point A of a subject, i.e., a differentiated waveform thereof, to threshold processing, and generates one
initializing pulse RST per one heartbeat, so that tracing waveforms in entire regions are initialized by the initializing pulse
RST. The point of the present embodiment is how to select a measurement point of a tracing waveform for generating
an initializing pulse.

[0073] Hereinafter, an operation of the ultrasonic diagnostic apparatus according to the present embodiment will be
described more specifically. Figures 14 and 15 illustrate exemplary display screens of a monitor 107. In Figure 14, a
tomographic image 200 of a blood vessel with an atheroma 303 in a long axis direction and a distribution image 201 of
an elastic modulus for the corresponding position are displayed such that the distribution image 201 of the elastic modulus
is superimposed on the tomographic image 200. In Figure 15, a tomographic image 205 of the blood vessel with the
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atheroma 303 in a short axis direction and a distribution image 206 of an elastic modulus for the corresponding position
are displayed such that the distribution image 206 of the elastic modulus is superimposed on the tomographic image
205. In Figures 14 and 15, C to P denote measurement points of tracing waveforms. Figure 16B shows exemplary tracing
waveforms obtained at respective measurement points shown in Figure 16A. As shown in Figure 16B, the amplitudes
and S/N ratios of the tracing waveforms differ greatly from each other due to a difference between a traveling direction
of an ultrasonic wave and a movement direction of a tissue of a subject or a difference in the reflectance of the tissue.
Thus, in order to generate an initializing pulse with accuracy, it is important how a measurement point of the tracing
waveform is selected.

[0074] As shown in Figure 14, in the image of a cross section of the blood vessel in the long axis direction, a meas-
urement point D or F is most suitable, and a measurement point C or G is suitable. Since the measurement point D or
F is located on a blood vessel wall, a good S/N ratio is obtained due to a large amplitude of an ultrasonic echo, and
accordingly an accurate tracing waveform can be obtained, which also is ascribed to the fact that pulsation of the blood
vessel caused by blood pressure is reflected directly at this point. Although it is possible to obtain an accurate tracing
waveform also at the measurement point C or G similarly, the amplitude of pulsation is slightly smaller due to the distance
from the blood vessel. A measurement point E is unsuitable since it is located inside the blood vessel. Accordingly, an
S/N ratio is unfavorable due to a small amplitude of the ultrasonic echo, and it is impossible to obtain an accurate tracing
waveform. Further, a measurement point H is unsuitable since it is located inside the atheroma, where a movement
direction of the tissue is not necessarily in parallel with a traveling direction of the ultrasonic wave. Accordingly, it is
considered impossible to obtain an accurate tracing waveform.

[0075] As shown in Figure 15, in the image of a cross section of the blood vessel in the short axis direction, a meas-
urement point J or K is most suitable, and a measurement point | or L is suitable. Since the measurement point J or K
is located on the blood vessel wall, a good S/N ratio is obtained due to a large amplitude of an ultrasonic echo, and
accordingly an accurate tracing waveform can be obtained, which also is ascribed to the fact that pulsation of the blood
vessel caused by blood pressure is reflected directly at this point. Although it is possible to obtain an accurate tracing
waveform also at the measurement point | or L similarly, the amplitude of pulsation is slightly smaller due to the distance
from the blood vessel. A measurement point O is unsuitable since it is located inside the blood vessel. Accordingly, an
S/N ratio is unfavorable due to a small amplitude of the ultrasonic echo, and it is impossible to obtain an accurate tracing
waveform. Further, a measurement point P is unsuitable since it is located inside the atheroma, where a movement
direction of the tissue is not necessarily in parallel with a traveling direction of the ultrasonic wave. Accordingly, it is
considered impossible to obtain an accurate tracing waveform. Although a measurement point M is located on the blood
vessel wall, accurate tracing is impossible because of the fact that a direction of pulsation is horizontal, whereas the
traveling direction of the ultrasonic wave is vertical at this point. Therefore, the measurement point M is unsuitable. A
measurement point N is also unsuitable for similar reasons.

[0076] In the ultrasonic diagnostic apparatus having the configuration shown in Figure 13, the waveform selection unit
130 selects one tracing waveform from the plurality of tracing waveform signals input to the input terminal Q using the
result of analyzing the plurality of tracing waveform signals input to the input terminal R. The tracing waveform selected
by the waveform selection unit 130 is input to the property detection unit 120. The property detection unit 120 analyzes
a tracing waveform at the corresponding position and generates a synchronization pulse SP. A pulse delay unit 124
delays the synchronization pulse SP to generate an initializing pulse RST. In this manner, a tracing waveform most
suitable for generating the initializing pulse RST can be selected automatically. The most suitable tracing waveform can
be selected as follows.

[0077] Forexample,the mostsuitable tracing waveform can be selected by using characteristics that a tracing waveform
at the most suitable measurement point has a large amplitude, a low noise level, and periodicity. An amount of noise
may be determined as follows. That is, tracing waveforms for several periods are compared so as to evaluate variations
in the waveforms, or a tracing waveform that has passed through a low-pass filter is compared with an original tracing
waveform. The periodicity may be determined by obtaining a period using a correlation function or the like. It is also
effective to use a frequency domain in an FFT or the like for the periodicity determination. Further, based on the fact
that the movement on a tracing waveform is different between a blood flow part and a blood vessel wall part, the blood
vessel wall part may be determined by obtaining a boundary between the blood vessel wall and the blood flow part. The
most suitable tracing waveform is selected in the above-mentioned manner, and the property detection unit 120 and the
like are operated as in the above-described embodiments, whereby it is possible to trace a tissue of a subject more
accurately with a simple operation of only applying a probe to the subject without the need for a special connection of
an electrocardiograph or the like between the subject and the device.

[0078] Figure 17 shows another configuration of the ultrasonic diagnostic apparatus regarding how to select a meas-
urement point of a tracing waveform. In this configuration, a plurality of tracing waveform signals are input to an input
terminal Q of a waveform selection unit 130a. Further, a user specifies the most suitable measurement point via a control
unit 100. The control unit 100 provides the waveform selection unit 130a with information on the specified position, and
the waveform selection unit 130a selects the corresponding tracing waveform and inputs the same to a property detection
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unit 120. The property detection unit 120 analyzes a tracing waveform at the corresponding position and generates a
synchronization pulse SP, and a pulse delay unit 124 generates an initializing pulse RST. According to this configuration,
it is possible to deal with the case where it is difficult to determine a measurement point automatically due to a deformed
blood vessel or the like.

[0079] Figure 18 shows still another configuration of the ultrasonic diagnostic apparatus. In this configuration, a local
elastic modulus as an output of an elastic modulus calculation unit 116 is input to an input terminal R of a waveform
selection unit 130b. The waveform selection unit 130b detects a blood vessel wall that extends in parallel with an ultrasonic
beam from the local elastic modulus, selects based on the detected blood vessel wall a tracing waveform at that position
from a plurality of tracing waveform signals Q, and inputs the same to a property detection unit 120. The property detection
unit 120 analyzes the selected tracing waveform and generates an initializing pulse RST as described above. Since the
local elastic modulus is obviously different between a blood vessel part and a blood flow part, a distinction therebetween
is possible. In the above-mentioned manner, it is possible to trace a tissue of a subject more accurately with a simple
operation of only applying a probe to the subject.

[0080] Figure 19 shows still another configuration of the ultrasonic diagnostic apparatus. In this configuration, areceived
signal from a reception unit 103 is input to an input terminal R of a waveform selection unit 130c. The waveform selection
unit 130c analyzes the amplitude of the received signal so as to detect a boundary between a blood flow and a blood
vessel wall. Then, as in the configuration in Figure 18, a property detection unit 120 analyzes a tracing waveform at the
position on a blood vessel wall side, and generates an initializing pulse RST. Since the intensity of the received signal
is high on the blood vessel wall and low in the blood flow part, a distinction therebetween is possible.

[0081] Figure 20 shows stillanother configuration of the ultrasonic diagnostic apparatus. In this configuration, a Doppler
signal processing unit 118 is provided, which analyzes a Doppler shift of a received signal, detects a blood flow, and
supplies an input terminal R of a waveform selection unit 130d with that data. The waveform selection unit 130d estimates
a blood vessel wall existing outside the detected blood flow. Then, as in the configuration in Figure 18, a property
detection unit 120 analyzes a tracing waveform at the position on a blood vessel wall side, and generates an initializing
pulse RST.

[0082] In each of the above-mentioned configurations, signals to be input to the input terminal Q of the waveform
selection unit 130 are not limited to the plurality of tracing waveform signals. For example, the Doppler shift signal or
the received signal as shown in Figure 7 or 8 is also available.

[0083] In the above, the description relates to the ultrasonic diagnostic apparatus that calculates a strain of a tissue
of a subject in accordance with a change in blood pressure in one heartbeat so as to obtain an elastic modulus. However,
the present embodiment also can be applied to an ultrasonic diagnostic apparatus that traces a tissue of a subject in
accordance with pressure relaxation or vibration produced externally, so as to obtain a tissue property of the subject
such as a strain, an elastic modulus, a viscosity coefficient, or the like. In such a case, the synchronization pulse to the
tissue tracing unit is in synchronization with the external pressure relaxation or vibration.

[0084] Further, the present invention is not limited to the ultrasonic diagnostic apparatus whose final output is an
elastic modulus, but also can be applied to an ultrasonic diagnostic apparatus for detecting a cancerous or tumorous
tissue by obtaining a tissue tracing waveform and measuring a strain, an elastic modulus, or a viscosity coefficient, or
an ultrasonic diagnostic apparatus for detecting arteriosclerosis from an Intima-Media Thickness (IMT) of a blood vessel,
a change in the internal diameter of a blood vessel, a stiffness parameter, a pulse wave velocity, or the like.

Industrial Applicability

[0085] The ultrasonic diagnostic apparatus according to the present invention is capable of tracing the movement of
a tissue of a subject with accuracy with a simple operation of only applying a probe to the subject without the necessity
for a special connection of an electrocardiograph or the like between the subject and the device. Therefore, it is possible
to obtain easily a tissue property such as an elastic modulus, a strain or a strain rate, a viscosity coefficient, or the like.
The ultrasonic diagnostic apparatus according to the present invention saves an operator time and labor and is useful
in a medical application and the like.

Claims

1. An ultrasonic diagnostic apparatus, comprising:
ultrasonic wave transmission and reception means (102, 103) for transmitting and receiving an ultrasonic wave
with respect to a subject;

tissue tracing means (115) for analyzing a received signal supplied from the ultrasonic wave transmission and
reception means, to trace a movement of a tissue of the subject and output a tissue tracing waveform (TA); and
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property detection means (120) for detecting a property concerning the movement of the tissue of the subject
based on the tissue tracing waveform (TA) output by the tissue tracing means, and outputting a property detection
signal,

characterized in that

the property detection means (120) is adapted to analyze the tissue tracing waveform (TA) so as to detect the
property concerning the movement of the tissue of the subject that is caused periodically in response to repeated
contraction and expansion of the tissue of the subject, thereby generating and outputting the property detection
signal, and

the tissue tracing means (115) is adapted to be initialized repeatedly based on the property detection signal.

An ultrasonic diagnostic apparatus according to claim 1, wherein, the tissue tracing means (115) is adapted to
analyze the amplitude or the phase of the received signal in accordance with the movement of the tissue of the subject.

The ultrasonic diagnostic apparatus according to any one of claims 1 to 2, further comprising delay means (124)
for delaying the property detection signal for a predetermined delay time,
wherein the tissue tracing means (115) is adapted to be initialized by the delayed property detection signal.

The ultrasonic diagnostic apparatus according to claim 3, wherein the predetermined delay time is estimated from
several immediately preceding intervals at which the property concerning the movement is detected.

An ultrasonic diagnostic apparatus, comprising:

ultrasonic wave transmission and reception means (102, 103) for transmitting and receiving an ultrasonic wave
with respect to a subject;

delay means (113) for delaying a received signal supplied from the ultrasonic wave transmission and reception
means;

tissue tracing means (115) for analyzing at least the delayed received signal supplied from the delay means to
trace a movement of a tissue of the subject and output a tissue tracing waveform (TA); and

property detection means (120) for detecting a property concerning the movement of the tissue of the subject
based on the tissue tracing waveform (TA) output by the tissue tracing means, and outputting a property detection
signal,

characterized in that

the property detection means (120) is adapted to analyze the tissue tracing waveform (TA) so as to detect the
property concerning the movement of the tissue of the subject that is caused periodically in response to repeated
contraction and expansion of the tissue of the subject, thereby generating and outputting the property detection
signal, and

the tissue tracing means (115) is adapted to be initialized repeatedly based on the property detection signal.

The ultrasonic diagnostic apparatus according to any one of claims 1, 2 and 5, comprising selection means (130)
for analyzing movements of a plurality of tissues of the subject to select one from the plurality of tissues of the subject,
wherein the property detection means (120) is adapted to detect a property concerning a movement of the selected
tissue of the subject, and outputs the property detection signal.

The ultrasonic diagnostic apparatus according to any one of claims 1, 2 and 5, further comprising selection means
(130) for analyzing a plurality of received signals to select one from a plurality of tissues of the subject,

wherein the property detection means (120) is adapted to detect a property concerning a movement of the selected
tissue of the subject, and outputs the property detection signal.

The ultrasonic diagnostic apparatus according to any one of claims 1, 2 and 5, further comprising selection means
for analyzing Doppler shifts of a plurality of received signals to select one from a plurality of tissues of the subject,
wherein the property detection means (120) is adapted to detect a property concerning a movement of the selected
tissue of the subject, and outputs the property detection signal.

The ultrasonic diagnostic apparatus according to any one of claims 1, 2 and 5, further comprising: means for
calculating a tissue property of the subject such as a strain, a viscosity coefficient, and an elastic modulus based
on the movement of the tissue of the subject; and selection means for analyzing the tissue property of the subject
to select one from a plurality of tissues of the subject,

wherein the property detection means (120) is adapted to detect a property concerning a movement of the selected
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tissue of the subject, and outputs the property detection signal.

The ultrasonic diagnostic apparatus according to any one of claims 1 to 9, wherein the property concerning the
movement is a property that is in synchronization with a heartbeat.

The ultrasonic diagnostic apparatus according to any one of claims 1 to 9, comprising means for switching between
an initializing operation based on the property detection signal and an initializing operation of initializing the tissue
tracing means based on a signal that is in synchronization with a heartbeat, the signal being taken from means for
measuring heartbeat information (122) including an electrocardiogram or a cardiac sound.

The ultrasonic diagnostic apparatus according to any one of claims 1 to 8, further comprising means for calculating
a tissue property of the subject such as a strain and a viscosity coefficient based on movements of a plurality of
tissues of the subject.

The ultrasonic diagnostic apparatus according to any one of claims 1 to 9, further comprising means for obtaining
a strain of the tissue of the subject based on movements of a plurality of tissues of the subject, and calculating an
elastic modulus of the tissue of the subject based on the strain and a blood pressure value that is taken from blood
pressure measurement means.

Patentanspriiche

1.

Ultraschalldiagnosevorrichtung, umfassend:

Ultraschallwellen-Ubertragungs- und -Empfangsmittel (102, 103) zum Ubertragen und Empfangen von Ultra-
schallwellen bezlglich einer Person;

Gewebeverfolgungsmittel (115) zum Analysieren eines empfangenen Signals, das vom Ultraschallwellen-Uber-
tragungs- und -Empfangsmittel geliefert ist, um eine Bewegung eines Gewebes der Person zu verfolgen und
eine Gewebeverfolgungswellenform (TA) auszugeben; und

Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft, die die Bewegung des Gewebes der
Person betrifft, auf der Grundlage der Gewebeverfolgungswellenform (TA), die vom Gewebeverfolgungsmittel
ausgegeben ist, und Ausgeben eines Eigenschaftsfeststellungssignals

dadurch gekennzeichnet, dass

das Eigenschaftsfeststellungsmittel (120) zum Analysieren der Gewebeverfolgungswellenform (TA) ausgelegt
ist, um so die Eigenschaft bezuglich der Bewegung des Gewebes der Person festzustellen, die periodisch als
Reaktion auf wiederholte Kontraktion und Expansion des Gewebes der Person verursacht ist, wodurch das
Eigenschaftsfeststellungssignal erzeugt und ausgegeben ist, und

das Gewebeverfolgungsmittel (115) daflir ausgelegt ist, wiederholt auf der Grundlage des Eigenschaftsfest-
stellungssignals initialisiert zu werden.

Ultraschalldiagnosevorrichtung gemaf Anspruch1, wobei das Gewebeverfolgungsmittel (115) zum Analysieren der
Amplitude oder der Phase des empfangenen Signals gemal der Bewegung des Gewebes der Person ausgelegt ist.

Ultraschalldiagnosevorrichtung gemag einem der Anspriiche 1 bis 2, die ferner ein Verzdgerungsmittel (124) zum
Verzdgern des Eigenschaftsfeststellungssignals um eine festgelegte Verzégerungszeit umfasst,

wobei das Gewebeverfolgungsmittel (115) dafiir ausgelegt ist, durch das Eigenschaftsfeststellungssignal initialisiert
zu werden.

Ultraschalldiagnosevorrichtung gemaf Anspruch 3, wobei die festgelegte Verzégerungszeit aus mehreren unmit-
telbar vorhergehenden Intervallen abgeschatzt ist, in denen die Eigenschaft bezliglich der Bewegung festgestelltist.

Ultraschalldiagnosevorrichtung, umfassend:

Ultraschallwellen-Ubertragungs- und -Empfangsmittel (102, 103) zum Ubertragen und Empfangen von Ultra-
schallwellen bezuglich einer Person;

Verzdgerungsmittel (113) zum Verzdgern eines empfangenen Signals, das vom Ultraschallwellen-Ubertra-
gungs- und -Empfangsmittel geliefert ist;

Gewebeverfolgungsmittel (115) zum Analysieren zumindest des verzdgerten empfangenen Signals, das vom
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Verzégerungsmittel geliefert ist, um eine Bewegung eines Gewebes der Person zu verfolgen und eine Gewe-
beverfolgungswellenform (TA) auszugeben; und

Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft, die die Bewegung des Gewebes der
Person betrifft, auf der Grundlage der Gewebeverfolgungswellenform (TA), die vom Gewebeverfolgungsmittel
ausgegeben ist, und Ausgeben eines Eigenschaftsfeststellungssignals,

dadurch gekennzeichnet, dass

das Eigenschaftsfeststellungsmittel (120) zum Analysieren der Gewebeverfolgungswellenform (TA) ausgelegt
ist, um so die Eigenschaft bezliglich der Bewegung des Gewebes der Person festzustellen, die periodisch als
Reaktion auf wiederholte Kontraktion und Expansion des Gewebes der Person verursacht ist, wodurch das
Eigenschaftsfeststellungssignal erzeugt und ausgegeben ist, und

das Gewebeverfolgungsmittel (115) dafiir ausgelegt ist, wiederholt auf der Grundlage des Eigenschaftsfest-
stellungssignals initialisiert zu werden.

Ultraschalldiagnosevorrichtung gemai einem der Anspriiche 1, 2und 5, die ein Auswahlmittel (130) zum Analysieren
von Bewegungen mehrerer Gewebe der Person umfasst, um eines unter mehreren Geweben der Person auszu-
wahlen,

wobei das Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft bezlglich einer Bewegung des
ausgewahlten Gewebes der Person ausgelegt ist und das Eigenschaftsfeststellungssignal ausgibt.

Ultraschalldiagnosevorrichtung gemaf einem der Anspriiche 1, 2 und 5, die ferner ein Auswahimittel (130) zum
Analysieren mehrerer empfangener Signale umfasst, um eines unter mehreren Geweben der Person auszuwahlen,
wobei das Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft bezlglich einer Bewegung des
ausgewahlten Gewebes der Person ausgelegt ist und das Eigenschaftsfeststellungssignal ausgibt.

Ultraschalldiagnosevorrichtung gemag einemder Anspriiche 1,2 und 5, die ferner ein Auswahlmittel zum Analysieren
von Doppler-Verschiebungen mehrerer empfangener Signale umfasst, um eines unter mehreren Geweben der
Person auszuwahlen,

wobei das Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft bezlglich einer Bewegung des
ausgewahlten Gewebes der Person ausgelegt ist und das Eigenschaftsfeststellungssignal ausgibt.

Ultraschalldiagnosevorrichtung gemaf einem der Anspriiche 1, 2 und 5, ferner umfassend: Mittel zum Berechnen
einer Gewebeeigenschaft der Person, wie zum Beispiel einer Dehnung, eines Viskositatskoeffizienten und eines
Elastizitatsmoduls auf der Grundlage der Bewegung des Gewebes der Person; und AuswahImittel zum Analysieren
der Gewebeeigenschaft der Person, um eines unter mehreren Geweben der Person auszuwahlen,
wobei das Eigenschaftsfeststellungsmittel (120) zum Feststellen einer Eigenschaft bezlglich einer Bewegung des
ausgewahlten Gewebes der Person ausgelegt ist und das Eigenschaftsfeststellungssignal ausgibt.

Ultraschalldiagnosevorrichtung geman einem der Anspriiche 1 bis 9, wobei die Eigenschaft beziiglich der Bewegung
eine Eigenschaft ist, welche synchron zum Herzschlag ist.

Ultraschalldiagnosevorrichtung gemal einem der Anspriiche 1 bis 9, die Mittel zum Umschalten zwischen einer
Initialisierungsoperation auf der Grundlage des Eigenschaftsfeststellungssignal und einer Initialisierungsoperation
des Initialisierens des Gewebeverfolgungsmittels auf der Grundlage eines Signals umfasst, welches synchron zum
Herzschlag ist, wobei das Signal von Mitteln zum Messen der Herzschlaginformationen (122), einschlieRlich eines
Elektrokardiogramms oder eines Herztons, Glbernommen ist.

Ultraschalldiagnosevorrichtung gemaf einem der Anspriiche 1 bis 8, das ferner Mittel zum Berechnen einer Ge-
webeeigenschaft der Person umfasst, wie zum Beispiel einer Dehnung und eines Viskositatskoeffizienten, die auf
Bewegungen mehrerer Gewebe der Person beruht.

Ultraschalldiagnosevorrichtung gemaf einem der Anspriiche 1 bis 9, die ferner Mittel zum Erhalten einer Dehnung
des Gewebes der Person, beruhend auf Bewegungen mehrerer Gewebe der Person, und zum Berechnen eines
Elastizitdtsmoduls des Gewebes der Person umfasst, der auf der Dehnung und einem Blutdruckwert beruht, welcher
aus einem Blutdruckmessmittel gewonnen ist.

15



10

15

20

25

30

35

40

45

50

55

EP 1 637 081 B1

Revendications

1.

Appareil de diagnostic a ultrasons, comprenant :

des moyens de transmission et de réception d’ondes ultrasoniques (102,103) pour transmettre et recevoir une
onde ultrasonique par rapport a un sujet ;

des moyens de tragage tissulaire (115) pour analyser un signal regu fourni par les moyens de transmission et
de réception d’ondes ultrasoniques, pour tracer un mouvement d’un tissu du sujet et produire une forme d’onde
de tragage tissulaire (TA) ; et

des moyens de détection de propriété (120) pour détecter une propriété concernant le mouvement du tissu du
sujet sur la base de la forme d’onde de tragage tissulaire (TA) produite par les moyens de tragage tissulaire,
et la production d’un signal de détection de propriété,

caractérisé en ce que

les moyens de détection de propriété (120) sont adaptés a analyser la forme d’onde de tragage tissulaire (TA)
de fagon a détecter la propriété concernant le mouvement du tissu du sujet qui est provoqué périodiquement
en réponse a la contraction et dilatation répétée du tissu du sujet, générant et produisant ainsi le signal de
détection de propriété, et en ce que

les moyens de tragage tissulaire (115) sont adaptés a étre initialisés de fagon répétée sur la base du signal de
détection de propriété.

Appareil de diagnostic a ultrasons selon la revendication 1, dans lequel les moyens de tragage tissulaire (115) sont
adaptés a analyser 'amplitude ou la phase du signal recu en fonction du mouvement du tissu du sujet.

Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1 ou 2, comprenant, en outre, des
moyens de retardement (124) pour retarder le signal de détection de propriété pendant un temps de retardement
prédéterminé,

les moyens de tragage tissulaire (115) étant adaptés a étre initialisés de fagon répétée par le signal retardé de
détection de propriété.

Appareil de diagnostic a ultrasons selon la revendication 3, dans lequel le temps de retardement prédéterminé est
estimé a partir de plusieurs intervalles immédiatement précédents auquel la propriété concernant le mouvement a
été detectée.

Appareil de diagnostic a ultrasons, comprenant :

des moyens de transmission et de réception d’ondes ultrasoniques (102,103) pour transmettre et recevoir une
onde ultrasonique par rapport a un sujet ;

des moyens de retardement (113) pour retarder un signal regu fourni depuis les moyens de transmission et de
réception d’ondes ultrasoniques

des moyens de tragage tissulaire (115) pour analyser au moins le signal retardé recu fourni par les moyens de
retardement pour tracer le mouvement d’un tissu du sujet et produire une forme d’onde de tragage tissulaire
(TA) ; et

des moyens de détection de propriété (120) pour détecter une propriété concernant le mouvement du tissu du
sujet sur la base de la forme d’'onde de tragage tissulaire (TA) produite par les moyens de tragage tissulaire,
et la production d’un signal de détection de propriété,

caractérisé en ce que

les moyens de détection de propriété (120) sont adaptés a analyser la forme d’onde de tragage tissulaire (TA)
de facon a détecter la propriété concernant le mouvement du tissu du sujet qui est provoqué périodiquement
en réponse a la contraction et dilatation répétée du tissu du sujet, générant et produisant ainsi le signal de
détection de propriété, et en ce que

les moyens de tragage tissulaire (115) sont adaptés a étre initialisés de fagon répétée sur la base du signal de
détection de propriété.

6. Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1, 2 et 5, comprenant des moyens

de sélection (130) pour analyser des mouvements d’'une pluralité de tissus du sujet et sélectionner I'un parmi la
pluralité de tissus du sujet,

les moyens de détection de propriété (120) étant adaptés a détecter une propriété concernant un mouvement du
tissu sélectionné du sujet et a produire le signal de détection de propriété.
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Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1, 2 et 5, comprenant, en outre, des
moyens de sélection (130) pour analyser une pluralité de signaux regus et sélectionner I'un d’une pluralité de tissus
du sujet,

les moyens de détection de propriété (120) étant adaptés a détecter une propriété concernant un mouvement du
tissu sélectionné du sujet et a produire le signal de détection de propriété.

Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1, 2 et 5, comprenant, en outre, des
moyens de sélection pour analyser des décalages Doppler d’une pluralité de signaux regus et sélectionner I'un
d’une pluralité de tissus du sujet,

les moyens de détection de propriété (120) étant adaptés a détecter une propriété concernant un mouvement du
tissu sélectionné du sujet et a produire le signal de détection de propriété.

Appareil de diagnostic a ultrasons selon 'une quelconque des revendications 1, 2 et 5, comprenant, en outre : des
moyens pour calculer une propriété tissulaire du sujet telle qu’'une déformation, un coefficient de viscosité et un
module d’élasticité sur la base du mouvement du tissu du sujet ; et des moyens de sélection pour analyser la
propriété tissulaire du sujet pour sélectionner I'un d’une pluralité de tissus du sujet,

les moyens de détection de propriété (120) étant adaptés a détecter une propriété concernant un mouvement du
tissu sélectionné du sujet et a produire le signal de détection de propriété.

Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1 a 9, dans lequel la propriété con-
cernant le mouvement est une propriété qui est synchronisée avec un battement cardiaque.

Appareil de diagnostic a ultrasons selon 'une quelconque des revendications 1 a 9, comprenant des moyens pour
passer d’'une opération d’initialisation reposant sur le signal de détection de propriété a une opération d’initialisation
des moyens de tragage tissulaire (115) reposant sur un signal qui est synchronisé avec un battement cardiaque,
le signal étant pris a partir de moyens de mesure d’informations sur les battements cardiaques (122) y compris un
électrocardiogramme ou un bruit cardiaque.

Appareil de diagnostic a ultrasons selon 'une quelconque des revendications 1 a 8, comprenant, en outre, des
moyens pour calculer une propriété tissulaire du sujet telle qu’une déformation et un coefficient de viscosité sur la
base de mouvements d’une pluralité de tissus du sujet.

Appareil de diagnostic a ultrasons selon I'une quelconque des revendications 1 a 9, comprenant, en outre, des
moyens pour obtenir une déformation du tissu du sujet sur la base de mouvements d’une pluralité de tissus du sujet
et pour calculer un module d’élasticité du tissu du sujet sur la base de la déformation et d’'une valeur de pression
sanguine qui est issue de moyens de mesure de la pression sanguine.
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