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(57) ABSTRACT

In one aspect of the present invention, an object is to provide
an ultrasonic diagnostic device that simultaneously displays
an IMT and the elastic indices of a blood vessel to accurately
determine, through composite observations, the risk for
developing arteriosclerosis. According to one aspect of the
present invention, there is provided an ultrasonic diagnostic
device including: an ultrasonic probe that transmits ultra-
sound to a body under test and that receives ultrasonic echo
reflected of the body under test to output a reception signal;
image data generation means that generates, based on the
reception signal output from the ultrasonic probe, image data
representing an ultrasonic image on a blood vessel of the body
under test; IMT measurement means that measures, based on
the image data generated by the image data generation means,
an IMT (intima media thickness) of the blood vessel; elastic
index measurement means that determines, based on the
image data generated by the image data generation means, a
value representing an elastic index of the blood vessel; and
display means that displays a two-dimensional coordinate
system in which the IMT is represented on a first coordinate
axis and the value representing the elastic index of the blood

A61B 8/14 (2006.01) vessel is represented on a second coordinate axis.
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ULTRASONIC DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application No. 2008-283280, filed Nov. 4, 2008,
Japanese Patent Application No. 2008-299256, filed Nov. 25,
2008, Japanese Patent Application No. 2008-302049, filed
Nov. 27, 2008 and Japanese Patent Application No. 2009-
87787, filed Mar. 31, 2009, the contents of which are herein
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic diag-
nostic device that has the function of simultaneously display-
ing the measurement results of the intima media thickness
(IMT) and the elastic indices of a blood vessel to allow the
risk of arteriosclerosis to be easily determined. The present
invention also relates to an ultrasonic diagnostic device that
visually displays variations in measurement results, and more
particularly relates to an ultrasonic diagnostic device that
displays, in an easily understandable manner, the change of
the blood vessel wall or the like of a carotid artery to allow the
condition of a plaque or the like to be easily determined. The
present invention also relates to an ultrasonic diagnostic
device that stably acquires the elastic indices of a blood vessel
or the like to display them. The present invention also relates
to an ultrasonic diagnostic device that can measure elastic
indices, and more particularly relates to an ultrasonic diag-
nostic device that detects handshake or body shake to allow
unstable data to be reliably removed from acquired ultrasonic
image information and that can measure elastic indices.
[0004] 2. Description of a Related Art

[0005] Inrecent years, patients that are treated for a cardio-
circulatory disease like an ischemia disease such as cerebral
infarction, cardiac infarction or angina pector have been rap-
idly increasing. In order to prevent these diseases, it is impor-
tant to notice an early sign of arteriosclerosis to improve daily
habits; the Ministry of Health, Labor and Welfare introduces
schemes such as mandatory metabolic syndrome checkups.
[0006] As common methods of noninvasively measuring
the condition of arteriosclerosis, there are pulse wave velocity
(PWV) measurement and intima media thickness (IMT) mea-
surement using the echo of a carotid artery; the clinical diag-
nostic values thereof have been obvious.

[0007] The IMT refers to, among an arterial wall having a
three-layer structure composed of an intima, a media and an
adventitia, the total thickness of the intima and the media
(specifically, a length from the boundary between a vascular
lumen and the intima to the boundary between the media and
the adventitia). Recent research is showing that, as arterio-
sclerosis progresses, the intima media thickness is increased
and plaque is formed. Here, the plaque refers to a portion that
is formed by the inward expansion of a blood vessel wall. The
tissue of the plaque is composed of various things such as a
blood clot and an adipose or fiber tissue, and flaked plaque is
responsible for the coarctation of a carotid artery, brain
ischemia and the like.

[0008] The IMT can be measured by ultrasonic examina-
tion (carotid artery ultrasonic examination). Specifically, an
ultrasound probe is pressed onto the neck of a body under test
(patient), and ultrasound is sent from the ultrasound probe.

May 6, 2010

Since the ultrasound is reflected off the surface (the boundary
between different tissues) of the structure of the body under
test, the resulting ultrasonic echo is received by the ultrasound
probe, and, based on the received signal, an ultrasonic image
is generated. Here, the IMT of a carotid artery is measured
because, in the regions of the carotid artery, such as a blood
vessel branch portion between an external carotid artery con-
nected to the artery of a face and an internal carotid artery
connected to a cerebral artery and a portion for receiving
blood for the carotid artery, where the direction of blood flow
changes, plaque is more likely to be formed, and because the
carotid artery is the favorite site of arteriosclerosis.

[0009] FIG. 36 is an example of an ultrasonic image show-
ing a normal blood vessel wall; FIG. 37 is an example of an
ultrasonic image showing a blood vessel wall in which the
thickness of its membrane is increased by plaque. The bound-
ary of the blood vessel wall is determined from the generated
ultrasonic image, and the thickness is measured with a vernier
caliper or the like, with the result that the IMT can be
obtained. Moreover, an examiner (an operator such as a doc-
tor) diagnoses the state of arteriosclerosis based on the IMT,
and, based on the results, estimates the degree of blood ves-
sels in a whole body including a heart and a brain.

[0010] FIG. 38 is a graph that is presented by O’Leary DH
et al. and that shows the relationship between the IMT and a
cerebral stroke risk rate. The IMT is obviously correlated with
the cerebral stroke risk rate, and the graph shows that, when
the IMT is 1.1 mm or more, the cerebral stroke risk rate
rapidly increases.

[0011] However, since the IMT is an index showing only
the morphological change of a carotid artery, but not the
dynamic characteristic of a blood vessel, it is not appropriate
to evaluate the degree of arteriosclerosis with the IMT alone.

[0012] On the other hand, the pulse wave velocity (PWV)is
a velocity obtained by measuring a heart when it contracts,
detecting the pulse waves of a carotid artery and a femoral
artery from a body surface and calculating the spread time
from the contraction of the heart to the generation of the pulse
wave, and serves as a parameter showing the hardness of an
artery. With the PWV, it is possible to quantitatively diagnose
the progress of arteriosclerosis and estimate the age of ablood
vessel or the like. Since preventive medicine is considered to
be important, attention is given to the PWV as a new preven-
tive medicine index showing the dynamic characteristic of a
blood vessel.

[0013] In recent years, diagnostic apparatuses for easily
measuring the PWV from the pulse waves of an arm and an
ankle have been commercially available. There is provided an
instrument that displays a cardio ankle vascular index (CAVI)
for presenting, by measuring the PWYV, a stiffness parameter
[ that is the elastic coeflicient of a blood vessel.

[0014] FIG.39isagraphthatispresented by FURUHASHI
Hiroshi et al. and that shows variations in stiffness parameter
[ on an age-by-age basis. The graph shows that, irrespective
of'male or female, as the age increases, the stiffness parameter
[ increases.

[0015] Methods for determining elastic indices such as a
stiffness parameter 3, a blood vessel diameter variation rate
and an elastic modulus have been developed by calculating
the displacement of a blood vessel wall from the echo of a
carotid artery, and thus the applications thereof to diagnoses
are expected. It is said that variations in elastic indices are
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produced before the morphological change of the IMT, and it
is thus expected that this facilitates the early detection of
arteriosclerosis.

[0016] Inpatentdocument 1,there is disclosed a method for
determining the age of a blood vessel from only moving
images of expansion-contraction deformation. In the dis-
closed method, for example, a value obtained by dividing the
difference of a blood vessel diameter between when an artery
is most expanded and when it is most contracted by the blood
vessel diameter when the artery is most expanded is divided
by the time difference, and the resulting value is obtained as
an arteriosclerosis factor; comparison information with
respect to a plurality of males and females and based on the
correlation between their ages and arteriosclerosis factors is
collected and stored; the arteriosclerosis factors of the per-
sons to be tested are determined, to what degree the arterio-
sclerosis factors are different from the average arteriosclero-
sis factors of the persons of the same age is expressed as
percentage and the resulting value is obtained as an age stan-
dard ratio; and the diagnostic results of the persons to be
tested are represented by this age standard ratio. The degree of
arteriosclerosis is compared with that of the average person of
the same age, and this results in the effect of improving the
recognition of the risk of arteriosclerosis to enhance the moti-
vation of improving the daily habits. FIG. 40 is a graph that is
shown in patent document 1 and that shows the correlation
between arteriosclerosis factors serving as a parameter rep-
resenting the mechanical characteristic of an artery and ages.
This graph clearly shows that the arteriosclerosis factors
depend on ages.

[0017] Inpatentdocument 2, thereis disclosed a device that
produces a tomographic image of a blood vessel with ultra-
sound, that computes the displacement of a blood vessel wall
on a measurement line, that computes a blood flow rate at a
sample gate with respect to the measurement line and that,
from these results, computes a wave intensity WI. The WI
serves as an index for determining which action is predomi-
nant, the action of forward pulse waves moving from a heart
to peripheries or the action of reflected pulse waves moving
from the peripheries to the heart; the W1 is determined as the
product of the amount of change in a pressure on a localized
portion of an artery and the amount of change in a blood flow
rate during a predetermined period of time or the product of
the time-derivative value of a blood pressure on the localized
portion and the time-derivative value of the blood flow rate.
The WI can be utilized as elastic indices of a blood vessel for
evaluating the characteristics of the blood vessel, the func-
tions of a heart and the like.

[0018] In patent document 3, there is disclosed an ultra-
sonic diagnostic device that utilizes the stiffness parameter f3
to determine the blood pressure of a localized portion. The
stiffness parameter Pis a factor related to variations in blood
pressure within a blood vessel and variations in blood vessel
cross-sectional area or blood vessel diameter; the stiffness
parameter [} is a blood vessel index for showing the hardness
of a blood vessel.

[0019] Although it is found that the IMT showing the mor-
phological change ofa blood vessel and the parameter (elastic
index) showing the hardness of a blood vessel are each posi-
tively correlated with arteriosclerosis, the correlation does
not always hold true. Specifically, there is a patient who has a
thin IMT but an unevenly dynamic change of a blood vessel
or, in contrast, a patient who has a thick IMT but a highly
dynamic change of a blood vessel. Thus, it is impossible to
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correctly estimate the risk for the development of arterioscle-
rosis either by the diagnosis of the IMT or the diagnosis of the
elastic index showing the dynamic characteristic of a blood
vessel, with the result that it is necessary to observe the both
of them in a composite manner.

[0020] [Patent document 1] Japanese Patent No. 3882084
[0021] [Patent document 2] Japanese Patent No. 3464185
[0022] [Patent document 3] Japanese Patent No. 4091365
[0023] Generally, when the IMT becomes thick, it is pos-

sible to determine the condition in the early stage of arterio-
sclerosis, and when plaque is produced, to determine the
condition to be more advanced. As employed in non-patent
document 1 published by the Japan Society of Ultrasonics in
Medicine, a method is established of measuring the thickness
of'plaque or the degree of the narrowing to determine the risk
of arteriosclerosis.

[0024] Inrecent years, it has become obvious that, in cere-
bral infarction, ischemic cardiac disease and the like, not only
the degree of the narrowing but also the ease of the tear of
plaque are problematic. In patent document 4, there is dis-
closed an advanced method of measuring, from the slight
displacement of a blood vessel wall, variations in thickness to
determine an elastic modulus, identifying the type of a body
tissue and thus performing a rapid diagnosis.

[0025] As described above, methods have been developed
of calculating the displacement of a blood vessel wall to
determine elastic indices, such as a stiffthess parameter 3, a
strain and an elastic modulus, that shows the state of a blood
vessel. However, these elastic indices involve, for example,
the following problems: (a) it is necessary to track the slight
displacement of a moving blood vessel wall; (b) a probe is
likely to be displaced from an observed location due to the
hand shake of an operator and the body movement of a person
to be tested; and (c) when it is impossible to obtain a clear
image due to the person to be tested or the like, it is difficult
to obtain highly reproducible data. The main reason for the
failure to obtain stable data is that variations in brightness
information or phase information, noise in the form of a spike
that is abruptly produced or the like cause erroneous tracking.
[0026] In patent document 5, there is disclosed a technol-
ogy in which, in order for an appropriate elastic image for use
in diagnosis to be displayed, an error of the elastic image is
evaluated with the brightness information of a tomographic
image and error information is displayed. The elastic image
within an error region may be deleted. In patent document 6,
there is disclosed an ultrasonic diagnostic device that is pro-
vided with a calculation portion for determining a character-
istic value (an elastic modulus) over time, a stability determi-
nation portion for sequentially determining the stability and
an expression portion for expressing the stability.

[0027] Inpatent document 7, there is disclosed a method in
which a thickness variation waveform showing variations in
distance between measured regions is compared with a ref-
erence waveform, an index showing the degree of agreement
is calculated and the amount of variation of the maximum
thickness and the reliability of an elastic modulus are deter-
mined.

[0028] As described above, various inventions are dis-
closed that distinguish between the stable data and the error
data so that an operator can obtain reliable data; however, in
fact, required accuracy in an operation is disadvantageously
high, and the operator is not satisfied with such determina-
tion. Moreover, disadvantageously, from the obtained values
on a stiffness parameter f3, a strain and an elastic modulus, it



US 2010/0113930 Al

is difficult for an examiner such as a doctor to visually image
and understand the movement state.

[0029] On the other hand, as a method of measuring, with
an ultrasonic diagnostic device, the displacement of a tissue,
M mode display has been known for a long time. In this
method, the temporal change of a tissue on a line of interest
can be easily recognized but there is a problem in which the
method is not appropriate for observing the movement of the
entire tissue.

[0030] Furthermore, in patent document 8, there is dis-
closed a three-dimensional ultrasonic imaging system; it can
three-dimensionally display the position of a tissue but it
cannot facilitate the three-dimensionally imaging and the
understanding of the temporal change of a tissue.

[0031] [Patent document 4] WO 2003/015635

[0032] [Patent document 5] JP-A-2007-312958

[0033] [Patent document 6] WO 2006/068079

[0034] [Patent document 7] JP-A-2007-006914

[0035] [Patent document 8] JP-T-2006-521146

[0036] [Non-patent document 1] “A standard method of

evaluating the lesion of a carotid artery by ultrasonic (pro-
posal)” published in “Jpn J Med Ultrasonics™, Vol. 35, No. 2,
p. 202-209, in June, 2008

[0037] FIG. 41 is a diagram showing an ultrasonic image of
a carotid artery. A vascular lumen intima boundary and a
media adventitia boundary in a blood vessel wall are deter-
mined from a generated ultrasonic image, and the length
between both the boundaries is measured with a vernier cali-
per or the like, with the result that an IMT can be determined.
Moreover, an examiner (an operator such as a doctor) diag-
noses, based on the IMT, the degree of arteriosclerosis, and
can estimate, based on the result, the state of blood vessels in
the entire body including a heat and a brain.

[0038] Here, the IMT of the carotid artery is measured
because, in regions such as a blood vessel branch portion
between an external carotid artery connected to the artery of
a face and an internal carotid artery connected to a cerebral
artery and a portion for receiving blood for the carotid artery,
where the direction of blood flow changes, plaque is more
likely to be formed, and because the carotid artery is the
favorite site of arteriosclerosis.

[0039] FIGS. 42A and 42B and FIGS. 43A and 43B are
diagrams showing images for measuring a minute displace-
ment of a carotid artery blood vessel wall with an ultrasonic
probe shown in FIG. 44 pressed onto a neck. In the ultrasonic
probe shown in FIG. 44, an arrangement vibrator is used in
which square bar-shaped vibrators are linearly arranged. The
ultrasonic probe having such a configuration can perform,
without moving the probe itself, linear scanning by moving
the position of an ultrasonic beam, that is, a scanning line in
a direction perpendicular to a direction of the beam.

[0040] Generally, in an ultrasonic diagnostic device, ultra-
sound output from a vibrator in an ultrasonic probe is
enhanced and modulated by a body under test, and the
strength of the resulting ultrasonic echo is spread in a scan-
ning width direction and displayed and thus an image is
obtained; this image is referred to as a “B mode image”. An
attention is paid to a certain portion of the body under test, and
temporal changes in sound waves reflected here are spread
and displayed and thus an image is obtained; this image is
referred to as an “M mode”.

[0041] FIGS.42A and 42B are diagrams showing examples
ofthe B mode image. FIG. 42 A shows animage in an i-frame;
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FIG. 42B shows an image in a j-frame. In these B mode
images, a line A and a line B are indicated by arrows.

[0042] FIGS.43Aand43B are diagrams showing examples
of the M mode image in which echo produced in a constant
beam direction by use of the same measurement result as
described above is displayed over time. FIG. 43A shows an
image acquired in the line A; FIG. 43B shows an image
acquired in the line B. In these M mode images, the i-frame
and the j-frame are indicated by arrows.

[0043] In the examples shown in FIGS. 42A and 42B and
FIGS. 43A and 43B, in the line A, data could be stably
acquired not only in the i-frame but also in the j-frame;
however, in the line B, since the image of a blood vessel wall
was unstable due to variations in brightness information and
phase, data could not be acquired stably, and tracking resulted
in failure, with the result that it was impossible to measure
elastic indices stably. Thus, it is necessary to perform tracking
on the line showing stable dada appearing on the B mode
image and to use the data acquired by the tracking to deter-
mine elastic indices.

[0044] On the other hand, when the displacement of a tissue
is measured with an ultrasonic diagnostic device, a method
has been known for a long time of performing an M mode
measurement in the ultrasonic echo inspection of a carotid
artery to measure the displacement of a blood vessel in syn-
chronization with cardiac pulsation. In patent document 9,
there is disclosed a method in which, from the minute dis-
placement of a blood vessel wall, the variation of its thickness
is measured and thus an elastic modulus is determined, and
the type of a body tissue is identified, with the result that a
rapid diagnosis is performed. Moreover, in the non-patent
document 1, as an item for evaluating arteriosclerosis lesion,
the measurement of the IMT and an artery diameter is
described, and it is suggested that the measurement of an
artery diameter be performed with the M mode through a
cross-sectional image of the pulsating artery in either the
maximum diameter time phase or the minimum diameter
time phase.

[0045] Advantageously, in the diagnosis using the M mode
image, it is needless to say that a doctor or the like is used to
using it, a doctor or the like can determine, on inspection,
whether to acquire the M mode image stably, and, if the M
mode image is not stably measured, it is possible to measure
it again there. However, the diagnosis using the M mode
image is not suitable for quantitatively measuring the minute
displacement of movement of a blood vessel wall because, for
example, the scale in image range is too different.

[0046] [Patent document 9] JP-A-H10-71147

[0047] In patent document 10, there is disclosed an ultra-
sonic diagnostic device that is provided with hand shake
detection means for performing resetting if detecting hand
shake in a color Doppler blood flow maximum value over-
write mode; however, it discloses no further specific informa-
tion such as a detection method.

[0048] As described above, various inventions are dis-
closed that determine stable data and error data to allow an
operator to acquire reliable data; however, in fact, the accu-
racy required for calculating elastic indices is too high, and
thus the operator is not satisfied with the determination, with
the result that the major problem is encountered in stably
acquiring elastic indices.

[0049] [Patent document 10] JP-A-HO08-140974
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SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0050] Inoneaspect ofthe present invention, an object is to
provide an ultrasonic diagnostic device that simultaneously
displays an IMT and the elastic indices of a blood vessel to
accurately determine, through composite observations, the
risk for developing arteriosclerosis.

[0051] Inanother aspect of the present invention, an object
is to provide an ultrasonic diagnostic device that edits ultra-
sonic image signals to visually display a movement state in a
region to be measured in an easily understandable manner.
[0052] Inanother aspect of the present invention, an object
is to provide an ultrasonic diagnostic device that accurately
removes unstable data from acquired ultrasonic image infor-
mation to calculate and display proper elastic indices.
[0053] Inanother aspect of the present invention, an object
is to provide an ultrasonic diagnostic device that accurately
removes unstable data from ultrasonic image information
acquired by detecting hand shake or body shake and that can
measure elastic indices.

[0054] According to one aspect of the present invention,
there is provided an ultrasonic diagnostic device including: an
ultrasonic probe that transmits ultrasound to a body under test
and that receives ultrasonic echo reflected off the body under
test to output a reception signal; image data generation means
that generates, based on the reception signal output from the
ultrasonic probe, image data representing an ultrasonic image
on a blood vessel of the body under test; IMT measurement
means that measures, based on the image data generated by
the image data generation means, an IMT (intima media
thickness) of the blood vessel; elastic index measurement
means that determines, based on the image data generated by
the image data generation means, a value representing an
elastic index of the blood vessel; and display means that
displays a two-dimensional coordinate system in which the
IMT is represented on a first coordinate axis and the value
representing the elastic index of the blood vessel is repre-
sented on a second coordinate axis.

[0055] According to another aspect of the present inven-
tion, there is provided an ultrasonic diagnostic device includ-
ing: an ultrasonic probe that transmits ultrasound to a body
under test and that receives ultrasonic echo reflected off the
body under test to output a reception signal; image data gen-
eration means that generates, based on the reception signal
output from the ultrasonic probe, image data representing an
ultrasonic image of the body under test along a measurement
line which is set; subject setting means that sets a subject
region to be measured in the ultrasonic image represented by
the image data; position identifying means that measures,
from the ultrasonic image, a distance in a vertical direction in
a measurement position in the subject region to be measured;
display processing means that generates a screen displaying
temporal changes in the subject region to be measured in a
three-dimensional coordinate system in which the measure-
ment position in the subject region to be measured is repre-
sented on a first axis, the distance in the vertical direction at
the measurement position is represented on a second axis and
time is represented on a third axis; and a display device that
displays the screen.

[0056] According to another aspect of the present inven-
tion, there is provided an ultrasonic diagnostic device includ-
ing: transmit/receive means that supplies a plurality of drive
signals to an ultrasonic probe including a plurality of ultra-
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sonic transducers transmitting and receiving ultrasound and
that processes a plurality of reception signals output from the
ultrasonic probe to generate reception data; storage means
that stores the reception data generated by the transmit/re-
ceive means; image data generation means that generates,
based on the reception data stored in the storage means, B
mode image data representing a B mode image and that reads,
based on one or a plurality of lines of interest set at one or a
plurality of positions in the B mode image, a characteristic
amount from the reception data stored in the storage means to
generate M mode image data representing one or a plurality of
M mode images; and elastic index calculation means that
calculates an elastic index with the reception data corre-
sponding to the M mode image selected from the one or the
plurality of M mode images.

[0057] According to another aspect of the present inven-
tion, there is provided an ultrasonic diagnostic device includ-
ing: an ultrasonic probe that includes a plurality of ultrasonic
transducers transmitting and receiving ultrasound to and from
a body tissue moving in synchronization with a pulse of a
body under test; transmit/receive means that supplies a plu-
rality of drive signals to the ultrasonic probe and that pro-
cesses a plurality of reception signals output from the ultra-
sonic probe to generate reception data; storage means that
stores the reception data generated by the transmit/receive
means; image data generation means that generates, based on
the reception data stored in the storage means, the reception
data corresponding to a B mode image and that reads a char-
acteristic amount from the reception data stored in the storage
means to generate the reception data corresponding to one or
a plurality of M mode images; detection means that detects
hand shake or body shake with the reception data correspond-
ing to the M mode image generated by the image data gen-
eration means; determination means that uses the reception
data corresponding to the M mode image in which the hand
shake or the body shake is detected by the detection means to
detect an amount of variation of a relative position between
the ultrasonic probe and the body under test, and that deter-
mines, with the amount of variation, an accuracy of the recep-
tion data corresponding to the M mode image; and elastic
characteristic calculation means that measures, with the
reception data corresponding to the M mode image selected
from the one or the plurality of M mode images determined by
the determination means to be highly accurate, an amount of
displacement of the body tissue, and that calculates the elastic
characteristic with the amount of displacement.

[0058] According to another aspect of the present inven-
tion, there is provided an ultrasonic diagnostic device includ-
ing: an ultrasonic probe that includes a plurality of ultrasonic
transducers transmitting and receiving ultrasound to and from
a body tissue moving in synchronization with a pulse of a
body under test; transmit/receive means that supplies a plu-
rality of drive signals to the ultrasonic probe and that pro-
cesses a plurality of reception signals output from the ultra-
sonic probe to generate reception data; storage means that
stores the reception data generated by the transmit/receive
means; image data generation means that generates, based on
the reception data stored in the storage means, the reception
data corresponding to a B mode image and that reads a char-
acteristic amount from the reception data stored in the storage
means to generate the reception data corresponding to one or
a plurality of M mode images; elastic characteristic calcula-
tion means that measures, with the reception data correspond-
ing to the M mode image selected from the reception data
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corresponding to the one M mode image or the reception data
corresponding to the plurality of M mode images, an amount
of displacement of the body tissue, and that calculates the
elastic characteristic from the amount of displacement; detec-
tion means that detests, with the reception data corresponding
to the M mode image selected, hand shake or body shake; and
determination means that uses the reception data correspond-
ing to the M mode image in which the hand shake or the body
shake is detected by the detection means to detect an amount
ofvariation of a relative position between the ultrasonic probe
and the body under test, and that determines, with the amount
of variation, an accuracy of the elastic characteristic calcu-
lated by the elastic characteristic calculation means.

[0059] Preferably, in the ultrasonic diagnostic device
according to another aspect of the present invention, the
detection means detects, with the reception data correspond-
ing to both the M mode image and the body tissue between the
ultrasonic probe when the ultrasonic probe is pressed onto the
body under test and an area where the elastic characteristic is
calculated, the hand shake or the body shake.

[0060] Preferably, in the ultrasonic diagnostic device
according to another aspect of the present invention, when the
determination means uses the amount of variation to deter-
mine the accuracy, a beat in which the amount of variation of
the relative position is larger than a threshold is determined to
be less accurate.

[0061] In the ultrasonic diagnostic device according to
another aspect of the present invention, the amount of varia-
tion of the relative position in the determination means can
also be detected by a difference image between frames of the
M mode image or a pattern matching method.

[0062] In the ultrasonic diagnostic device according to
another aspect of the present invention, the amount of varia-
tion of the relative position detected by the determination
means is subtracted from the amount of displacement of the
body tissue measured by the elastic characteristic calculation
means, and thus the ultrasonic diagnostic device has a func-
tion of correcting the amount of displacement of the body
tissue, and the elastic characteristic calculation means can
calculate the elastic characteristic with the amount of dis-
placement of the body tissue corrected by the function.
[0063] According to one aspect of the present invention,
since the IMT and the elastic indices of a blood vessel
obtained based on image data representing an ultrasonic
image on the blood vessel are displayed together in a two-
dimensional coordinate system, it is possible to observe the
IMT and the elastic indices of the blood vessel in a composite
manner to accurately determine arteriosclerosis risk.

[0064] According to another aspect of the present inven-
tion, since, based on the data of a plurality of sheets of ultra-
sonic images obtained, the variation of the images is three-
dimensionally displayed in a three-dimensional coordinate
system in which one axis is a time axis, it is possible to
visually and easily understand the movement state of a sub-
ject region to be measured. In particular, when a display
method according to another aspect of the present invention is
applied to an ultrasonic tomographic image of a carotid
artery, it is possible to accurately estimate not only the shape
but also the characteristic of plaque formed inside a blood
vessel and to more accurately determine arteriosclerosis risk.
[0065] According to another aspect of the present inven-
tion, one or a plurality of B mode images formed from stored
reception data are displayed, based on one or a plurality of
lines of interest set by selecting a position where a stable
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measurement signal is obtained, a characteristic amount is
read from the stored reception data, and an M mode image is
displayed, and a preferred M mode image is specified from
the M mode image, and then, based on a measurement value
obtained on the reception data corresponding to the M mode
image, an elastic index is determined. Thus, with the ultra-
sonic diagnostic device of the present invention, since a sat-
isfactory data region is selected from displayed image data,
and can be utilized as an elastic index, it is possible to obtain
a stable elastic index.

[0066] According to another aspect of the present inven-
tion, there is provided an ultrasonic diagnostic device that can
measure an elastic index in which unstable data can be reli-
ably removed from ultrasonic image information acquired by
detecting hand shake or body hake.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG.1is ablock diagram showing the configuration
of'an ultrasonic diagnostic device according to a first embodi-
ment of the present invention;

[0068] FIG. 2 is a flowchart showing the procedure of a
measuring method according to the first embodiment of the
present invention;

[0069] FIG. 3 is a conceptual diagram showing conditions
in which an IMT measurement line is set from an ultrasonic
image;

[0070] FIG. 4 is a conceptual diagram showing conditions

in which the IMT measurement line is set when there is
plaque in the ultrasonic image;

[0071] FIG. 5 is a line diagram showing, through tracking,
a state in which a blood vessel wall is changed;

[0072] FIG. 6 is a diagram showing a display screen dis-
playing IMT-f combination coordinates in two-dimensional
coordinates in which the degree of arteriosclerosis risk is
displayed on a zone basis;

[0073] FIG. 7 is a diagram showing a display screen dis-
playing IMT-f combination coordinates in two-dimensional
coordinates in which the age of a blood vessel is displayed on
a zone basis;

[0074] FIG. 8is a block diagram showing the configuration
of an ultrasonic diagnostic device according to a second
embodiment of the present invention;

[0075] FIG. 9is ablock diagram showing the configuration
of an ultrasonic diagnostic device according to a third
embodiment of the present invention;

[0076] FIG. 10 is an ultrasonic image diagram showing the
concept of setting a subject region to be measured in the third
embodiment of the present invention;

[0077] FIG. 11 is a diagram showing an example of a dis-
play of a measurement result by the ultrasonic diagnostic
device according to the third embodiment of the present
invention;

[0078] FIG. 12 is a diagram showing an example of a dis-
play of a measurement result of another subject by the ultra-
sonic diagnostic device according to the third embodiment of
the present invention;

[0079] FIG. 13 is a diagram showing another display
example by the ultrasonic diagnostic device according to the
third embodiment of the present invention;

[0080] FIG. 14 is a diagram showing an example of a dis-
play of a measurement result of another subject with the
display method of FIG. 13;
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[0081] FIG. 15 is a diagram showing yet another display
example by the ultrasonic diagnostic device according to the
third embodiment of the present invention;

[0082] FIG.16 adiagram showing an example employing a
contour line display with respect to the display example of the
third embodiment of the present invention;

[0083] FIG. 17 is a block diagram showing the configura-
tion of an ultrasonic diagnostic device according to a fourth
embodiment of the present invention;

[0084] FIG. 18 is a flowchart showing the operation of an
ultrasonic diagnostic device according to the fourth embodi-
ment;

[0085] FIG. 19 is a diagram showing an example of an
image when the image is frozen in the fourth embodiment;
[0086] FIG. 20 is a display screen showing a state in which
a time of interest and a tracking point are set in an M mode
image in the fourth embodiment;

[0087] FIG. 21 is a display screen in which a stiffness
parameter [ is displayed in the fourth embodiment;

[0088] FIG. 22 is a display screen in which the IMT is
further displayed in the fourth embodiment;

[0089] FIG. 23 is a diagram showing an example of bright-
ness profile at the time of interest in the fourth embodiment;
[0090] FIG. 24 is a line diagram showing a method of
automatically determining the tracking point in the fourth
embodiment;

[0091] FIG. 25 is a block diagram showing the configura-
tion of an ultrasonic diagnostic device capable of measuring
elastic indices and according to a fifth embodiment of the
present invention;

[0092] FIG. 26 is a conceptual diagram showing a method
of detecting hand shake or body shake;

[0093] FIG. 27 is a diagram showing the B mode image of
a carotid artery;

[0094] FIG. 28 is a diagram showing the M mode image of
a vertical line shown in FIG. 27;

[0095] FIG. 29 is a diagram showing an image obtained by
removing difference between frames from the M mode image
shown in FIG. 28;

[0096] FIG. 30 a diagram showing, when a subject to be
measured is the front wall and the rear wall of a carotid artery,
an example of an image on a display at the time of the image
being frozen;

[0097] FIG. 31 is a display screen of the display showing
the state in which, in the M mode image, the time of interest
is set and the tracking point is set;

[0098] FIG. 32 is a display screen displaying the stiffness
parameter by inputting a systolic blood pressure Ps and a
diastolic blood pressure Pd;

[0099] FIG. 33 is a diagram showing an example of a dis-
play screen in which the value of the IMT determined from
information on a tracking portion at the time of interest shown
along with the M mode image is additionally displayed;
[0100] FIG. 34 is a diagram showing a brightness profile in
the depth direction of a reception data at the time of interest
set in FIG. 31;

[0101] FIGS. 35A and 35B are schematic diagrams show-
ing a method of correcting hand shake or body shake in an
ultrasonic diagnostic device according to a sixth embodiment
of the present invention;

[0102] FIG. 36 is a diagram showing an example of an
ultrasonic image showing a blood vessel wall at a normal
state;
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[0103] FIG. 37 is a diagram showing an example of an
ultrasonic image showing a blood vessel wall whose mem-
brane thickness is larger by plaque;

[0104] FIG. 38 is a graph showing the relationship between
the IMT and a cerebral accident risk ratio;

[0105] FIG. 39 is a graph showing variations in stiffness
parameter {3 on an age-by-age basis;

[0106] FIG. 40 is a graph showing the correlation between
arteriosclerosis factors representing the mechanical charac-
teristic of an artery and ages;

[0107] FIG. 41 is a diagram showing an ultrasonic image of
a carotid artery;

[0108] FIGS. 42A and 42B are diagrams showing B mode
images obtained by measuring minute variations in a carotid
artery blood vessel wall;

[0109] FIGS. 43A and 43B are diagrams showing M mode
images obtained by measuring minute variations in the
carotid artery blood vessel wall; and

[0110] FIG. 44 is a schematic diagram showing the con-
figuration of an ultrasonic probe.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0111] Embodiments of the present invention will be
described in detail below with reference to the accompanying
drawings.

First Embodiment

[0112] FIG. 1is ablock diagram showing the configuration
of'an ultrasonic diagnostic device according to a first embodi-
ment of the present invention; FIG. 2 is a flowchart showing
the procedure of a measuring method; FIGS. 3 and 4 are
conceptual diagrams showing conditions in which the bound-
ary lines of vascular membranes are set; FIG. 5 is a line
diagram showing a state in which a blood vessel wall is
changed; and FIGS. 6 and 7 show examples of a display
screen.

[0113] The ultrasonic diagnostic device according to the
first embodiment includes an ultrasonic probe for transmit-
ting and receiving ultrasound and an ultrasonic diagnostic
device main body. The ultrasonic diagnostic device main
body has the functions of: controlling the transmitting and
receiving of ultrasound; generating, based on an acquired
reception signal, image data representing an ultrasonic
image; measuring elastic indices indicating the intima media
thickness (IMT) of a blood vessel and the dynamic charac-
teristic of the blood vessel; and displaying the IMT and the
elastic indices on a display. The ultrasonic diagnostic device
main body has the function of storing arteriosclerosis risk
comparison information serving as materials utilized for
diagnosis and is provided with the display for displaying the
diagnosis result and a blood pressure meter for measuring
blood pressure.

[0114] The ultrasonic probe 101 is a probe of convex type,
linear scan type, sector scan type or the like, which is used to
be pressed onto a body under test. The ultrasonic probe 101 is
provided with a plurality of ultrasonic transducers that con-
stitute a one-dimensional or two-dimensional transducer
array. These ultrasonic transducers transmit, based on a drive
signal that is applied, ultrasound to the body under test, and
receive ultrasonic echo reflected off the body under test to
output a reception signal.
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[0115] Each ultrasonic transducer is formed with a vibrator
in which electrodes are formed on both ends of a material
having piezoelectricity (a piezoelectric member) such as a
piezoelectric ceramic like PZT (Pb (lead) zirconate titanate)
and a polymeric piezoelectric element like PVDF (polyvi-
nylidene difluoride). When a voltage in the form of pulses or
a continuous wave is applied to the electrodes of the vibrator,
the piezoelectric member expands and contracts. With this
expansion and contraction, ultrasound waves in the form of
pulses or a continuous wave is generated from each vibrator,
and these ultrasound waves are combined to form an ultra-
sonic beam. Each vibrator receives traveling ultrasound
waves to expand and contract, and thus generates electrical
signals. These electrical signals are output as the reception
signals of the ultrasound waves.

[0116] The ultrasonic diagnostic device main body is pro-
vided with a transmit/receive control portion 111, a transmis-
sion circuit 113, a reception circuit 115, a tomographic image
formation portion 117, a display processing portion 119, an
IMT measurement line setting portion 121, an IMT calcula-
tion portion 123, a measurement tracking portion 125, ablood
vessel wall displacement calculation portion 127, a blood
pressure measurement portion 129, a 1 calculation portion
131 and an arteriosclerosis risk determination portion 133.
[0117] As peripheral devices of the ultrasonic diagnostic
device main body, a blood pressure meter 103 and a display
105 are provided; the blood pressure measurement portion
129 receives the measurement result from the blood pressure
meter 103, and the display processing portion 119 controls
the display of the display 105. Arteriosclerosis risk compari-
son information 107 used in the arteriosclerosis risk determi-
nation portion 133 can also be supplied from a storage device
provided in the ultrasonic diagnostic device main body.
[0118] The transmit/receive control portion 111 sequen-
tially sets, through the transmission circuit 113 and the recep-
tion circuit 115, a direction in which the ultrasonic beam of
the ultrasonic probe 101 is transmitted and a direction in
which the ultrasonic echo is received; the transmit/receive
control portion 111 has the transmission control function of
selecting a transmission delay pattern according to the set
transmission direction, and the reception control function of
selecting a reception delay pattern according to the set recep-
tion direction.

[0119] Here, the transmission delay pattern is a pattern of a
delay time given to a drive signal of each ultrasonic trans-
ducer so that the ultrasonic beam is generated in a desired
direction by ultrasound transmitted from a plurality of ultra-
sonic transducers; the reception delay pattern is a pattern of a
delay time given to a reception signal so that the ultrasonic
echo is extracted from a desired direction through ultrasound
received by a plurality of ultrasonic transducers. A plurality of
transmission delay patterns and a plurality of reception delay
patterns are stored in a storage device, and are selected and
utilized according to the situation.

[0120] The transmission circuit 113 has a plurality of chan-
nels, and generates a plurality of drive signals that are applied
to a plurality of ultrasonic transducers, respectively. Here,
based on the reception delay pattern selected by the transmit/
receive control portion 111, delay time corresponding to each
of the drive signals can be individually given to a plurality of
drive signals. The transmission circuit 113 may adjust the
amount of delay of a plurality of drive signals to supply them
to the ultrasonic probe 101 such that ultrasound transmitted
from a plurality of ultrasonic transducers forms an ultrasonic

May 6, 2010

beam; the transmission circuit 113 may supply to the ultra-
sonic probe 101 a plurality of drive signals that are formed
such that ultrasound simultaneously transmitted from a plu-
rality of ultrasonic transducers reaches the entire image sens-
ing region of a body under test.

[0121] Thereception circuit 115 has a plurality of channels,
and receives a plurality of analogue reception signals output
from a plurality of ultrasonic transducers, amplifies them, and
converts them into digital reception signals. Moreover, based
onthe reception delay pattern selected by the transmit/receive
control portion 111, the reception circuit 115 gives delay time
corresponding to each of the reception signals to a plurality of
reception signals, and adds together the reception signals to
perform reception focus processing. Performing this recep-
tion focus processing forms sound ray signals (sound ray
data) in which the focus of ultrasonic echo is narrowed.
[0122] Then, the sound ray data is subjected to envelope
detection processing through low-pass filter processing or the
like, and is corrected for attenuation due to distance by STC
(sensitivity time gain control) according to the depth of a
location where ultrasound is reflected.

[0123] The sound ray data on which the processing is per-
formed in this way is sequentially stored in a cine memory
having a memory capacity for storing sound ray data corre-
sponding to a plurality of frames. The reception circuit 115
has the function of generating image data, and, in a live mode,
inputs sound ray data that is directly supplied, and, in a freeze
mode, inputs the sound ray data that is supplied from the cine
memory. Then, the reception circuit 115 performs preprocess
processing such as log(logarithmic) compression or gain
adjustment on the input sound ray data to generate image
data, and outputs it to the tomographic image formation por-
tion 117 or the IMT measurement line setting portion 121.
[0124] The tomographic image formation portion 117 con-
verts (raster conversion) the image data on the ultrasonic
image supplied from the reception circuit 115 into image data
corresponding to the scanning method of normal television
signals, then performs necessary image processing such as
gradation processing and transmits it to the display process-
ing portion 119.

[0125] On the other hand, the IMT measurement line set-
ting portion 121 sets a ROI (region of interest) on the ultra-
sonic image displayed by the image data supplied from the
reception circuit 115, sequentially selects, in the depth direc-
tion of the ROI, a predetermined number of lines (sound rays)
that can be determined to be an IMT boundary position and
extracts image data in the selected lines. FIG. 3 is a concep-
tual diagram showing that the boundary between an adventi-
tia and a media in a blood vessel front wall, the boundary
between an intima and a vascular lumen, the boundary
between a vascular lumen and an intima in a blood vessel rear
wall and the boundary between the media and the adventitia
are selected from the ultrasonic image and are set at the IMT
measurement lines. FIG. 4 is a conceptual diagram showing a
case in which a state where plaque is formed inside the rear
wall is detected. FIG. 4 shows that the boundary between a
rear wall vascular lumen and an intima partially extends
toward the vascular lumen.

[0126] When the IMT measurement line setting portion
121 supplies the image data extracted with respect to the
selected lines to the IMT calculation portion 123, the IMT
calculation portion 123 automatically measures the IMT of a
blood vessel after verifying the reliability of the image data.
Thus, the IMT calculation portion 123 performs image pro-
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cessing such as noise suppression processing using a low-
pass filter or a median filter on the extracted image data to
generate reference data. The reference data generated from
the image data is made to correspond to patient information or
inspection information or the age, the sex or the like of the
patient, and is stored in a predetermined storage device. Typi-
cal reference data may be previously stored according to the
age, the sex or the like of the patient.

[0127] Then, according to the operation of the operator or
the procedure of the automatic operation of the device, the
reference data stored in the storage device or the reference
data generated from the extracted image data is selected as
reference data that is actually used. Within the ROI (region of
interest) set with respect to the image, an evaluation region (a
region in the depth direction) in which the reliability of the
IMT measurement is evaluated is set, and, in the set evalua-
tion region, the reliability of the IMT measurement is calcu-
lated. For example, in the set evaluation region, the positions
of'the image data and the reference data in the depth direction
are made coincide with each other, and thereafter, with
respect to the predetermined number of lines in the depth
direction in the set region, the absolute value of the difference
between the image data and the reference data is integrated, or
the distribution value of the difference is determined, with the
result that the reliability of the IMT measurement can be
calculated. Then, the calculated value of the reliability of the
IMT measurement is compared with a threshold, and thus the
reliability of the IMT measurement is determined.

[0128] When the reliability of the IMT measurement in the
set evaluation region is satisfactory, the IMT calculation por-
tion 123 automatically measures the IMT of a blood vessel
with the image data obtained in the selected lines within the
evaluation region. In a carotid artery ultrasonic inspection,
the diameter of a blood vessel and a max (maximum) IMT are
measured, and, furthermore, in order for an accurate size
determination to be made as to the deposition of plaque and
the like, a mean (average) IMT is calculated. This mean IMT
is calculated by determining, for example, the max IMT and
IMTs at positions A and B one centimeter away from both
ends thereof and calculating the average [max IMT+IMT
(A)+IMT (B)]/3 of the three points. The IMT thus determined
is transmitted to the arteriosclerosis risk determination por-
tion 133.

[0129] The IMT measurement lines that are set by the IMT
measurement line setting portion 121 and that are highly
reliable for the IMT measurement can be employed as refer-
ence lines that are used, at the measurement tracking portion
125, for automatically tracking a blood vessel wall displace-
ment waveform and the diameter of a blood vessel. In the
measurement line tracking portion 125, the specific point of
the set IMT measurement line is determined to be a subject to
be tracked, image processing is performed on the image data
and the lines are automatically identified and tracked, with the
result that variations in the position of a blood vessel wall are
tracked. As the method of tracking the measurement line,
there are various methods such as a tomographic image pat-
tern matching method, a zero cross point method, a tissue
Doppler method and a phase difference tracking method, and
it is needless to say that any method may be employed.
[0130] Since, in the image data, a vascular lumen generally
has a low signal level, and this results in the failure of track-
ing, the IMT measurement line that is shifted substantially in
parallel toward an adventitia may be determined to be the
subject to be tracked. As described above, based on the IMT
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measurement line, the starting line for the tracking is set, and
thus it is possible to decrease the measurement period and
remove load imposed on a doctor or the like and a person to be
tested.

[0131] Moreover, by drawing s line between its position
when a blood vessel contracts and its position when it
expands, it is possible to measure Dd/Ds. The blood vessel
wall displacement calculation portion 127 calculates, based
on the blood vessel wall displacement waveform, the heart
systolic blood vessel diameter Ds and the heart diastolic
blood vessel diameter Dd.

[0132] FIG.5 shows the change of a blood vessel wall along
the time axis. The blood vessel diameter D becomes the
maximum value Ds at the heart systolic; it becomes the mini-
mum value Dd at the heart diastolic stage. The blood vessel
wall displacement calculation portion 127 tracks, from the
image data, the change of blood vessel diameter D to deter-
mine the maximum blood vessel diameter value Ds and the
minimum blood vessel diameter value Dd, and transmits
them to the f§ calculation portion 131.

[0133] On the other hand, since blood pressure P that is
measured with the cuff-type blood pressure meter 103
becomes the maximum value Ps and the minimum value Pd
according to the contraction and the expansion of a hear, it is
possible to easily read the blood pressure P from the maxi-
mum value and the minimum value of a blood pressure indi-
cation value. Such blood pressure data is automatically or
manually input to the blood pressure measurement portion
129 and is furthermore transmitted to the f§ calculation por-
tion 131.

[0134] The B calculation portion 131 calculates the stiff-
ness parameter [} from p=[Log(Ps/Pd)]/(Ds/Dd-1), and
transmits it to the arteriosclerosis risk determination portion
133.

[0135] The arteriosclerosis risk determination portion 133
takes into consideration the input stiffness parameter 3 and
the IMT supplied from the IMT calculation portion 123 in a
composite manner to determine arteriosclerosis risk. Here, a
method can be employed of recognizing the arteriosclerosis
risk by using the following procedure: as shown in FIG. 6, a
two-dimensional coordinate system where the first coordi-
nate axis represents the IMT and the second coordinate axis
represents the stiffness parameter [} is prepared, regions
where the degree of the arteriosclerosis risk is classified into
high, medium and low degrees are drawn on the IM'T-f plane,
and the state of the blood vessel of a patient is displayed on the
IMT-p plane.

[0136] The arteriosclerosis risk determined by evaluating
the results obtained by measuring a large number of persons
to be tested is stored, as the arteriosclerosis risk comparison
information 107, in a storage device, and is read out and
utilized from the storage device when the arteriosclerosis risk
determination portion 133 makes a determination.

[0137] As shown in FIG. 7, the arteriosclerosis risk com-
parison information 107 may be that in which regions classi-
fied according to the age of a blood vessel are set. The age of
a blood vessel is determined by employing an average index
value for an age group from the results obtained by perform-
ing measurements on a large number of persons to be tested.
Alternatively, it is possible to comply with an index value in
a boundary where a person to be tested can be determined to
be a healthy person.

[0138] The formed graph in the two-dimensional coordi-
nate system is supplied to the display processing portion 119.
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[0139] Thedisplay processing portion 119 generates image
data for display based on the image data supplied from the
tomographic image formation portion 117 and the graph in
the two-dimensional coordinate system input from the arte-
riosclerosis risk determination portion 133. The display pro-
cessing portion 119 may additionally have the function of
performing image processing such as linear gradation pro-
cessing including gain adjustment and contrast adjustment
and non-linear gradation processing including y correction. A
D/A converter is further provided, and thus the image data for
display is converted into analog image signals, which are
output to the display 105. The display 105, for example, is a
raster-scan type LCD display, and displays, based on the
image signals resulting from the analog conversion by the
display processing portion 119, moving images or a still
image of an ultrasonic image, the graph in the two-dimen-
sional coordinate system where the IMT and f are plotted or
the like.

[0140] Itis possible for a doctor or a person to be tested to
intuitively and accurately recognize the risk for developing
arteriosclerosis from the composite state of morphological
information (IMT) of a blood vessel and elastic indices (stiff-
ness parameter f§) in the two-dimensional coordinate graph
displayed on the display 105.

[0141] The operation of the ultrasonic diagnostic device
according to the first embodiment of the present invention
will now be described with reference to the flowchart shown
in FIG. 2.

[0142] First, in step S1, it is found that moving images of a
carotid artery tomographic image displayed on the display
105 are stably acquired, and then a freeze button is pressed.
Thus, moving images that have been acquired since about a
few beats before the pressing of the freeze button (about three
seconds) up to now are stored in a memory, and the frame that
was first stored is displayed on the screen of the display 105
(step S2).

[0143] The maximum blood pressure obtained with the
cuff-type blood pressure meter is considered to be the con-
tracting period blood pressure Ps and the minimum blood
pressure is considered to be the expanding period blood pres-
sure Pd; they are input manually or online (step S3).

[0144] As shown in FIG. 3, the IMT measurement line
setting portion 121 sets the IMT measurement lines in the
tomographic image (step S4). The measurement tracking por-
tion 125 uses the images acquired since the first image is
acquired until the freeze button was pressed to track the IMT
measurement lines (step S5), with the result that the blood
vessel wall displacement waveform shown in FIG. 5 is deter-
mined. The blood vessel wall displacement calculation por-
tion 127 calculates, from this blood vessel wall displacement
waveform, the heart systolic blood vessel diameter Ds and the
heart diastolic blood vessel diameter Dd (step S6).

[0145] In step S7, the P calculation portion 131 uses the
following equation f=[Log(Ps/Pd)]/(Ds/Dd-1) to calculate
the stiffness parameter 3. The value of f§ is preferably the
average value on sound ray lines where the IMT measurement
lines are drawn; even if, due to restrictions such as calculation
time, the value of 3 is one specific sound ray line, a significant
effect is not encountered.

[0146] On the other hand, the IMT calculation portion 123
receives the image data obtained in the IMT measurement
lines set in step S4 to automatically measure the IMT of a
blood vessel (step S8). In order for an accurate size determi-
nation to be made as to the deposition of plaque and the like,
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for example, the mean IMT is utilized that is obtained by
calculating the average [max IMT+IMT (A)+IMT (B)]/3 of
three points, namely, the max IMT and IMTs at positions A
and B one centimeter away from both ends thereof.

[0147] The IMT thus determined and the stiffness param-
eter f§ determined in the {3 calculation portion 131 are plotted
with respect to the first coordinate axis and the second coor-
dinate axis, respectively, with the result that they are dis-
played two-dimensionally (step S9).

[0148] Finally, in step 10, the arteriosclerosis risk determi-
nation portion 133 compares the combination of the IMT and
the §§ with the arteriosclerosis risk comparison information
107 to evaluate the arteriosclerosis risk of the blood vessel of
the person to be tested. The evaluation result is displayed, on
the display 105, in the form of, for example, the graph shown
in FIG. 6. In the example shown in FIG. 6, since, in the
two-dimensional coordinate system where the IMT of a
carotid artery with respect to the body under test and the
stiffness parameter f§ serving as an elastic index of a blood
vessel are represented by the level of the risk of developing
arteriosclerosis on a region-by-region basis, the IMT and the
elastic index of a blood vessel are combined and displayed as
two-dimensional coordinates, it is possible to determine the
risk of developing arteriosclerosis more accurately than the
diagnosis ofthe IME alone or the diagnosis of the {3 alone, and
this allows the risk to be conveyed in a more understandable
manner to the doctor or the person to be tested.

[0149] The graph of FIG. 6 is preferably formed such that
the development risk of the person to be tested is simply
understood, by using the following procedure: for example, in
a two-dimensional coordinate plane where the risk of devel-
oping the arteriosclerosis is classified into high, medium and
low ranks, and where the regions representing the ranks are
individually represented by different colors such as red, yel-
low and blue, the coordinates represented by the IMT of the
persontobetested and the 3 are plotted. Generally, even when
the IMT is large, if the elastic index is small, the arterioscle-
rosis risk is low; even when the elastic index is large, if the
IMT is small, the arteriosclerosis risk is also low. Thus, risk
classification zones are displayed circularly around the ori-
gin.

[0150] That the arteriosclerosis risk is represented by the
age of a blood vessel is effective for the recognition of the
development risk to be enhanced. FIG. 7 shows that the aver-
age IMT and f3 for the age is calculated from the data of IMTS
and f on a large number of persons to be tested, and that they
are represented by individual age groups on a region-by-
region basis. The coordinates represented by the IMT and {3 of
the person to be tested are plotted, and thus the age of a blood
vessel is found, and, for example, in the margin of the graph
of FIG. 7, a comment is displayed that says “Your blood
vessel is 80 years old. Your blood vessel age is 25 years older
than your age of 55, and it is highly necessary to pay attention
on it”, with the result that it is possible to call attention to the
risk by comparing it with the actual age.

Second Embodiment

[0151] A second embodiment of the present invention will
now be described. Although, in the first embodiment, the
stiffness parameter 3 is used as the elastic index, the same
holds true even if variations in blood vessel diameter, an
elastic modulus and a WI (wave intensity) are used. In the
second embodiment, an elastic modulus is used as the elastic
index of a blood vessel.
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[0152] FIG. 8is ablock diagram showing the configuration
of an ultrasonic diagnostic device according to the second
embodiment. Since FIG. 8 differs from FIG. 1 only in that the
[ calculation portion 131 is replaced with an elastic modulus
calculation portion 132, like components are identified with
the same reference numerals as the first embodiment, and
their description will not be repeated.

[0153] Inthe case of the second embodiment using an elas-
tic modulus as the elastic index of a blood vessel, the mea-
surement line tracking portion 125 also tracks IMT measure-
ment lines in the front wall and the boundary between the rear
wall adventitia and the media to determine the maximum
value Td and the minimum value Ts of the IMT in one beat,
and the elastic modulus E is determined from the following
equation E=(Ps-Pd)/[(Td-Ts)/Td]. In this case, since the
measurement location of the elastic modulus E is automati-
cally restricted to be within the IMT, the stable elastic modu-
lus data is obtained without being dependent on the measure-
ment location, with the result that, advantageously, the elastic
modulus data is easily compared with other measurement
data.

[0154] When a more advanced algorism is used, the media
IMT measurement line and the adventitia-media boundary
IMT measurement line are divided, and the elastic modulus of
each region may be measured.

[0155] As described above, the operation of the measure-
ment processing portion shown in FIG. 8 differs from that in
the first embodiment, but other respects are the same as the
first embodiment.

[0156] Inan embodiment using the WI (wave intensity) as
the elastic index of a blood vessel, it is preferable to replace
the elastic modulus calculation unit with a W1 calculation unit
to calculate the product of the derivative value of the blood
pressure P with respect to time and the derivative value of a
blood flow rate U with respect to time. As the blood flow rate
U, the value of a carotid artery can be determined with a
Doppler measurement unit using an ultrasonic probe.

[0157] In an embodiment using variations in blood vessel
diameter as the elastic index of a blood vessel, if the proce-
dure with respect to the blood pressure meter is removed, the
same method described above can be used. It is possible to
obtain variations in blood vessel diameter from the ultrasonic
image of a blood vessel.

[0158] Although, in the above-described embodiments, the
transmit/receive control portion 111, the tomographic image
formation portion 117, the display processing portion 119,
the IMT measurement line setting portion 121, the IMT cal-
culation portion 123, the measurement line tracking portion
125, the blood vessel wall displacement calculation portion
127, the blood pressure measurement portion 129, the f cal-
culation portion 131, the elastic modulus calculation portion
132, the arteriosclerosis risk determination portion 133 and
the like are formed with a central processing unit (CPU) and
software for making the CPU perform various types of pro-
cessing, they may be formed with a digital circuit or an analog
circuit. The software is stored in a storage portion (not
shown).

Third Embodiment

[0159] Like components are identified with like reference
numerals, and their description will not be repeated.

[0160] FIG.9isablockdiagram showinga configuration of
an ultrasonic diagnostic device according to a third embodi-
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ment of the present invention, and the same parts as in FIG. 1
are identified with the same symbols, and their description
will not be repeated.

[0161] AsshowninFIG.9, the ultrasonic diagnostic device
according to this embodiment includes the ultrasonic diag-
nostic device main body 100 and the ultrasonic probe 101.
[0162] The ultrasonic transducer of the ultrasonic probe
101 transmits, based on a drive signal that is applied, ultra-
sound to the body under test such as a carotid artery blood
vessel 300, receives ultrasonic echo reflected off the body
under test and outputs an ultrasonic image signal along a
measurement line set to the body under test.

[0163] The ultrasonic diagnostic device main body 100
includes: the transmit/receive control portion 111 that con-
trols the transmitting and receiving of ultrasound; the trans-
mission circuit 113; the reception circuit 115; an image data
generation portion 217 that generates, based on the ultrasonic
image signal output from the ultrasonic probe 101, image data
representing the ultrasonic image of the body under test along
the measurement line; an image storage device 219 that tem-
porarily records a plurality of sheets of generated image data;
a display processing portion 221 that generates a graph
obtained by plotting, in a three-dimensional coordinate sys-
tem, the plurality of sheets of image data input from the image
storage device 219; and a display device 223 that displays the
generated graph.

[0164] The ultrasonic diagnostic device main body 100 is
further provided with: a subject setting portion 225 that sets a
subject region to be measured in the ultrasonic image repre-
sented by the generated image data; a position identification
portion 227 that calculates, while tracking, from the ultra-
sonic image, the measurement position in the subject region
to be measured over a plurality of ultrasonic images, a length
in a vertical direction with respect to the measurement posi-
tion; and the display processing portion 221 that displays the
temporal change of the subject to be measured in a three-
dimensional coordinate system where the position of the sub-
ject region to be measured is displayed on the first axis, a
length measured in a vertical direction with respect to the
position is displayed on the second axis and time is displayed
on the third axis.

[0165] Inastorage device provided in the transmit/receive
control portion 111, a plurality of transmission delay patterns
and a plurality of reception delay patterns are stored, and they
are selected and utilized according to the situation.

[0166] The transmission circuit 113 has a plurality of chan-
nels, and generates a plurality of drive signals that are applied
to a plurality of ultrasonic transducers, respectively.

[0167] Thereceptioncircuit 115 has a plurality of channels,
and receives a plurality of analogue reception signals output
from a plurality of ultrasonic transducers, amplifies them, and
converts them into digital reception signals.

[0168] Then, the sound ray data is subjected to envelope
detection processing, and is thereafter corrected for attenua-
tion due to distance by STC (sensitivity time gain control)
according to the depth of a location where ultrasound is
reflected.

[0169] The sound ray data on which the processing is per-
formed in this way is sequentially stored in the image storage
device 219 having a memory capacity for storing sound ray
data equivalent to a plurality of frames on a frame-by-frame
basis. The image data generation portion 217, in a live mode,
inputs sound ray data that is directly supplied, and, in a freeze
mode, inputs the sound ray data that is supplied from the
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image storage device 219, and performs preprocess process-
ing such as log (logarithmic) compression or gain adjustment
on the input sound ray data to generate image data, and
outputs it to the subject setting portion 225. The subject
setting portion 225 sets, based on the image data input from
the image data generation portion 217, the subject region to
be measured in the ultrasonic image.

[0170] FIG. 10 shows the concept of setting the subject
region to be measured based on the image data. The trans-
ducer array of the ultrasonic probe 101 is placed such that the
measurement line coincides with a flow direction on the blood
vessel 300 of a carotid artery. The measurement signals
obtained from the ultrasonic probe 101 cover the blood vessel
walls of the front wall 301 and the rear wall 302 in the blood
vessel 300, and display an ultrasonic tomographic image.
When, as the subject region to be measured 310, the boundary
304 of the vascular lumen 303 and the intima 305 of the rear
wall 302 are specified, the subject setting portion 225 deter-
mines, based on the image data, the position of the subject
region to be measured 310 in the ultrasonic image.

[0171] As the method of determining the position of the
subject region to be measured 310, there are various methods
such as a tomographic image pattern matching method, a zero
cross point method, a tissue Doppler method and a phase
difference tracking method; it is needless to say that any
method may be used. Although, in FIG. 10, the subject region
to be measured 310 is deformed by the plaque 306, the subject
setting portion 225 accurately follows the deformation of the
vascular lumen-intima boundary 304 to determine the posi-
tion of the subject region to be measured 310.

[0172] Referring back to FIG. 9, the position identification
portion 227 tracks, with respect to each of a plurality of
measurement points in the subject region to be measured 310,
the corresponding point over a plurality of tomographic
images, and calculates its depth. The calculation result is
supplied to the display processing portion 221. The tracking
of the measurement position of the set subject region to be
measured 310 over time can be performed with the brightness
information and the phase information. The tracking is pret-
erably performed with a common method such as a pattern
matching using a correlation function. When the subject
region to be measured 310 is the vascular lumen-intima
boundary 304, since the brightness difference is large, it is
possible to achieve an automatic detection even by perform-
ing appropriate threshold processing using a brightness value.
[0173] Thedisplay processing portion 221 prepares a three-
dimensional coordinate system in which the position of the
subjectregion to be measured is displayed on the first axis, the
distance measured in a vertical direction with respect to the
position is displayed on the second axis and time is displayed
on the third axis, and plots, on the three-dimensional coordi-
nate system having the time axis as one axis, the position of
the subject region to be measured and the depth of the subject
region to be measured, with the result that a graph using equal
time lines is formed. This graph is supplied to the display
device 223 as graph data for display on the display device
223.

[0174] The display device 223 displays a three-dimen-
sional graph as shown in, for example, FIG. 11, according to
the input graph data on a display.

[0175] Although, as described above, the transmit/receive
control portion 111, the image data generation portion 217,
the display processing portion 221, the subject setting portion
225, the position identification portion 227 and the like are
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formed with the central processing unit (CPU) and software
for making the CPU perform various types of processing, they
may be formed with a digital circuit or an analog circuit. The
software is stored in a storage portion (not shown).

[0176] In FIG. 11, with respect to the ultrasonic image of
the rear wall vascular lumen-intima boundary 304 of a carotid
artery that is acquired during one beat, a graph plotted in the
three-dimensional coordinate system, in which the distance
of a probe line direction where the transducers of the ultra-
sonic probe 101 are arranged is on the x-axis, the height of the
subject region to be measured 310 is on the z-axis and time is
on the y-axis, is cut along a simultaneous cross section per-
pendicular to the y-axis, thus profile lines are generated in
regular intervals and the profile lines are displaced along the
y-axis and are displayed in layers.

[0177] FIG. 11 shows a result obtained by performing a
simulation on the hard, unbreakable, stable plaque 306. When
the heart contracts to push out blood into an artery, then the
blood pressure rises, the blood vessel rapidly expands and the
height of the vascular lumen-intima boundary 304 is lowered,
with the result that the blood vessel expands. Thereafter, since
the heart gradually expands, the blood pressure gradually
decreases, and the height is brought back to the original state,
with the result that the blood vessel expands. The figure
clearly shows the temporal change of the plaque portion;
since the plaque 306 is hard, in the graph, almost no distortion
is observed throughout one cardiac cycle.

[0178] FIG. 12 is a graph showing a result obtained by
performing, with the same display method as FIG. 11, a
simulation on the soft, breakable, unstable plaque 306. The
graph shows that, when the heart contracts and thus the blood
vessel rapidly expands, the blood pressure rapidly increases
and thus the soft portion of the plaque 306 in its middle is
pushed to produce a recess.

[0179] FIGS.11 and 12 are ones in which the surface shape
of the vascular lumen-intima boundary 304 set in the subject
region to be measured is cut along a simultaneous cross
section, and the resulting profile lines are arranged in only one
cardiac cycle in regular intervals in layers; since not only the
shape of the expanded plaque 306 but also the irregularities of
the profile lines are clearly observed, it is possible to visually
understand even the property of the hardness of the plaque
306.

[0180] FIGS. 13 and 14 are graphs in which profile lines
spaced regularly in the x-axis direction are added to the
graphs displayed in FIGS. 11 and 12, and in which two types
of profile lines are displayed in the form of a mesh. FIG. 13
shows a case where the hard plaque is used; FIG. 14 shows a
case where the soft plaque is used. With this display method,
it is possible to easily observe how the measurement position
on the plaque varies with the pulse. As compared with FIGS.
11 and 12, it may be slightly difficult to observe variations in
the shape of the entire plaque.

[0181] FIG. 15 shows a display example in which, with
respect to the ultrasonic tomographic image of a carotid
artery that is acquired in the same manner, the surface shape
of the vascular lumen-intima boundary 304 set in the subject
region to be measured is cut along the measurement position
cross section, and the resulting multiple profile lines are
arranged in a probe line direction (x-axis direction). FIG. 15
is one in which the height detected by substantially the same
one vibrator is represented by the profile lines drawn in the
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direction of the time axis and which displays how the height
of the measurement position to be detected by the vibrator is
varied by the pulse.

[0182] FIG. 15 shows that the position of the sixth vibrator
in the probe line direction, namely, the waveform of beam No.
6 completely differs from other waveforms. It can be esti-
mated that such deformation of the waveform is affected by
an artifact resulting from speckles. With a simple B mode
image displayed on the x-z plane, information with respect to
the direction of the time axis is not obtained; with a simple M
mode image displayed two-dimensionally on the z-t plane,
the ambient conditions are not identified. As shown in FIG.
15, with the three-dimensional display, by the method of
drawing lines between the positions on the probe lines to
achieve the display, it is possible to easily estimate the effects
of the artifact.

[0183] With the data on the lines whose profile is displayed
inaccurately due to the effects of the artifact as described
above, the stiffness parameter {3, the strain rate, the elastic
modulus and the like are calculated, with the result that the
erroneous values results in an erroneous determination. To
overcome the foregoing, with the display method shown in
FIG. 15, datathat is estimated to be affected by the artifact and
the like resulting from the speckles is found and removed,
and, with data on highly reliable probe lines and measurement
time, elastic indices are calculated. Thus, it is possible to
obtain highly reliable elastic indices without being affected
by the artifact and the like resulting from the speckles.
[0184] Accurately reading, from the three-dimensional
coordinate display, information on the height of the subject
region to be measured requires skills. When the three-dimen-
sional graph is displayed by using different colors corre-
sponding to heights, a height at a given position at given time
can be read accurately, and this is convenient. When the color
display cannot be used, a contour line display may be used.
FIG. 16 is one in which contour lines are introduced into FIG.
11 and this allows the height of each point to be accurately
read. When the contour line display is highly learned, it is
possible to read the characteristic of the shape from the rela-
tionship of the contour lines, line density and the like, and this
is convenient.

[0185] Although not shown, two or more subject regions to
be measured are set, and they may be displayed on one display
screen. For example, by displaying two subject regions to be
measured, namely, the front intima-vascular lumen boundary
and the vascular lumen-rear intima boundary, it is possible to
intuitively and accurately understand the expansion and con-
traction of a blood vessel. When two or more subject regions
to be measured are expressed in one image, it is effective to
display them by using different colors or different types of
line.

[0186] Since, in the above description, the features of the
present invention are mainly discussed, most of the descrip-
tion of prior art references is omitted. However, for example,
the normal B mode image and M mode image and the like can
naturally be displayed on the display device. In this way, for
example, the image data generation portion 217 has the fol-
lowing function: the image data on the ultrasonic image sup-
plied from the reception circuit 115 is converted (raster con-
version) into image data corresponding to the scanning
method of the normal television signal, necessary image pro-
cessing such as gradation processing is performed on the
image data and the resulting data is transmitted to the image
storage device 219.
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[0187] By acquiring necessary information from the graph
using the method of the present invention, it is possible to
calculate the elastic indices such as the stiffness parameter f3,
the strain rate and the elastic modulus.

Fourth Embodiment

[0188] FIG. 17 is a block diagram showing a configuration
of an ultrasonic diagnostic device according to a fourth
embodiment of the present invention, and the same parts as in
FIG.1 areidentified with the same symbols, and their descrip-
tion will not be repeated.

[0189] The ultrasonic diagnostic device according to the
present invention includes the ultrasonic probe portion 101
and the ultrasonic diagnostic device main body 100.

[0190] The ultrasonic diagnostic device main body 100 is
provided with: an input portion 401, such as a keyboard or a
pointing device, that inputs various types of information; the
transmission circuit 113 and the reception circuit 115 that
control the transmission and reception of ultrasound in the
ultrasonic probe 101; a display 407 that displays an image; a
system control portion 411 that controls the entire system to
adjust the operation appropriately; a reception data memory
413 serving as storage means for storing the reception data
output from the reception circuit 115; an image generation
portion 415 that generates, based on the reception data, the
image data representing the B mode image and M mode
image; an elastic index calculation portion 417 that uses the
reception data stored in the reception data memory 413 to
perform tracking and that calculates target elastic indices; an
image processor 421 that forms an image for displaying the
image data and the measurement data; and a display process-
ing portion 423 that forms a signal for displaying a screen on
the display 407.

[0191] The system control portion 411 sequentially sets,
through the transmission circuit 113 and the reception circuit
115, a direction in which the ultrasonic probe 101 transmits
an ultrasonic beam and a direction in which ultrasonic echo is
received, and has both the transmission control function of
selecting a transmission delay pattern according to the set
transmission direction and the reception control function of
selecting a reception delay pattern according to the set recep-
tion direction.

[0192] In a storage device provided in the system control
portion 411, a plurality of types of transmission delay patterns
and a plurality of types of reception delay patterns are stored;
they are selectively utilized according to the transmission and
reception directions.

[0193] The transmission circuit 113 has a plurality of chan-
nels and generates a plurality of drive signals that are input to
aplurality of ultrasonic transducers, respectively. In this case,
it is possible to provide, based on the transmission delay
pattern selected by the system control portion 411, each delay
time for a plurality of drive signals.

[0194] Thereception circuit 115 has a plurality of channels,
receives and amplifies a plurality of analog reception signals
output from a plurality of ultrasonic transducers and converts
them into digital reception signals. Moreover, the reception
circuit 115 provides, based on the reception delay pattern
selected by the system control portion 411, each delay time
for a plurality of reception signals, and adds those reception
signals to perform reception focus processing. This reception
focus processing generates a reception signal (reception data)
in which the focus of the ultrasonic echo is narrowed.
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[0195] Then, the reception circuit 115 performs, on the
reception data, detection processing such as envelope detec-
tion or quadrature detection, and thereafter performs correc-
tion for attenuation due to distance by STC (sensitivity time
gain control) according to the depth of a location where
ultrasound is reflected.

[0196] In the quadrature detection processing, ultrasound
® is multiplied by each of signals cos wt and sin wt that have
substantially the same angular frequency w as that of the
ultrasound @ and that are 90 degrees out of phase with each
other, and thus down-conversion is performed. The measured
reception data contains only a real number component of the
ultrasound ®, but the quadrature detection processing is per-
formed to generate a complex baseband signal V=x+jY.
[0197] Specifically, the complex baseband signal V
obtained by performing the quadrature detection has an
I-phase component (real number component) x and a Q-phase
component (imaginary number component) y that are perpen-
dicular to each other, and has information on an amplitude
A=(x*+y*)"? and a phase 6=tan™' (y/x). Thus, when the
quadrature detection is used, it is possible to calculate, based
on a larger amount of information, more accurate elastic
indices.

[0198] The reception data thus processed is sequentially
stored in the reception data memory 413 having a memory
capacity for storing reception data corresponding to an ultra-
sonic image equivalent to a plurality of frames. The image
generation portion 415 inputs the reception data read from the
reception data memory 413, and performs, on the input recep-
tion data, the preprocess processing such as log compression
or gain adjustment and the scanning line conversion process-
ing for converting the reception data into the image data
corresponding to the scanning method of normal television
signals to generate an image data and output the generated
image data to the image processor 421.

[0199] The image processor 421 generates, based on the
input image data, elastic indices and the like, the image data
representing a screen for displaying the ultrasonic image and
the measurement results and the like, and outputs them to the
display processing portion 423. The display processing por-
tion 423 generates video signals for displaying the screen, and
transmits them to a display 409, and the display 409 displays
the screen including the ultrasonic image and the measure-
ment results and the like.

[0200] The system control portion 411, the image genera-
tion portion 415, the elastic index calculation portion 417, the
image processor 421, the display processing portion 423 and
the like are formed with the central processing unit (CPU) and
software for making the CPU perform various types of pro-
cessing. The software is stored in a storage portion (not
shown). They may be formed with a digital circuit or an
analog circuit.

[0201] FIG. 18 is a flowchart showing the operation of the
ultrasonic diagnostic device according to this embodiment as
an example that is the case where the stiffness parameter f is
calculated. When the operator sets to display the B mode
image and the M mode image together through the input
portion 401 (step S01), the system control portion 411 con-
trols the transmission circuit 113 and the reception circuit 115
to operate the ultrasonic probe 101 pressed onto a neck, and
acquires the ultrasonic image of a carotid artery for only a
predetermined period of time.

[0202] The transducer array of the ultrasonic probe 101 is
arranged such that, for example, the scanning direction coin-
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cides with a direction in which the blood of the carotid artery
flows, and receives ultrasonic echo from the front wall of a
blood vessel and the blood vessel wall of the rear wall to
output the reception signal. The reception circuit 115 gener-
ates, based on the reception signal output from the ultrasonic
probe 101, reception data, and a predetermined amount of the
reception data generated by the reception circuit 115 is stored
in the reception data memory 413.

[0203] Then, the image generation portion 415 starts to
acquire, from the reception data memory 413, the reception
data corresponding to the ultrasonic image of the carotid
artery (step S02), and generates B mode image data serving as
tomographic image information on a tissue within the body
under test to display, through the image processor 421 and the
display processing portion 423, the B mode image on the
display 409.

[0204] The operator such as a doctor finds, from one or a
plurality of B mode images displayed, some line positions
where the reception data is stable over each screen, and oper-
ates the input portion 401 to set one or a plurality of lines of
interest (step S03). The line of interest can be set by utilizing
a pointing device or the like displayed together with the
image. Preferably, the position of the line of interest that is set
is clearly displayed by a vertical line or the like superimposed
on the image. For convenience, one B mode image may only
be displayed such that a portion where the reception data is
stable is found.

[0205] The image generation portion 415 reads, for each
line of interest that is set, the reception data in the position
corresponding to the line of interest over a predetermined
period from the reception data memory 413, sequentially
generates the M mode image data over the predetermined
period along the time axis and displays, through the image
processor 421 and the display processing portion 423, one or
a plurality of M mode images corresponding to the line of
interest on the display 409 (step S03). When the operator
finds, while the displayed image changes over time, an appro-
priate screen that is likely to be utilized for analysis, the
operator operates the input portion 401 to transmit an instruc-
tion signal to the system control portion 411 to freeze the
screen of the M mode image (step S04).

[0206] FIG. 19 is a figure in which the subject to be mea-
sured is the front wall and the rear wall of the carotid artery,
and shows an example of an image on the display 409 when
the image is frozen. In FIG. 19, one B mode image is dis-
played in the upper side, and two M mode images are dis-
played in the lower side. In the B mode image, two lines of
interest are set; the M mode image on the left side is generated
from the reception data in the line of interest indicated by a
solid line, and the M mode image on the right side is generated
from the reception data in the line of interest indicated by a
broken line. In the upper left corner of the screen, information
such as measurement conditions is displayed.

[0207] Inthe M mode image on the right side, an unstable
portion is found to be in the inner wall; the M mode image on
the left side is a high-quality image that has only a small
amount of noise and that is likely to be utilized for analysis.
Although, in FIG. 19, the M mode image equivalent to about
one beat is only displayed, in order for an easy determination
to be made, the M mode image equivalent to three beats is
more preferably displayed. The B mode image displayed
when the screen is frozen may be displayed when the freeze
button is pressed or may be displayed anytime in a predeter-
mined one beat.
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[0208] When a plurality of M mode images are displayed,
the image is frozen, and thereafter the operator operates the
input portion 401 to select the M mode image used in the
elastic index measurement (step S05). When the M mode
image to be utilized is determined, the image generation
portion 415 enlarges the M mode image to display it on the
display 409 and reduces other images to display them on the
display 409.

[0209] Then, the operator specifies, in the M mode image,
a tracking start time and a tracking completion time to set a
time-of-interest range (step S06). Moreover, the operator sets,
in a blood vessel front wall intima-vascular lumen boundary
portion in the M mode image, a tracking point (step S07), and
furthermore sets, in a blood vessel rear wall vascular lumen-
intima boundary portion, a tracking point (step S08). As a
tracking portion, at least one of a boundary between an adven-
titia and a media in a blood vessel front wall, a boundary
between an intima and a vascular lumen in the blood vessel
front wall, a boundary between the vascular lumen and the
intima in a blood vessel rear wall and a boundary between the
media and the adventitia in the blood vessel rear wall can be
included.

[0210] FIG. 20 is a display screen of the display 409 show-
ing a state in which the time of interest and the tracking point
are set in the M mode image. Since, on the display screen used
when the time of interest is set, the B mode image at a set time
is displayed in real time, it is possible to check noise condi-
tions.

[0211] Moreover, the operator operates the input portion
401 to input the maximum blood pressure and the minimum
blood pressure measured with the cuff-type blood pressure
meter (step S09). These blood pressure values are utilized as
the contracting period blood pressure Ps and the expanding
period blood pressure Pd. In response to this, the elastic index
calculation portion 417 tracks, from the set tracking point, a
brightness variation point characterizing the intima-vascular
lumen boundary to perform the tracking. The tracking can be
performed by various methods such as a tomographic image
pattern matching method, a zero cross point method, a tissue
Doppler method and a phase difference tracking method with
the subject point being defined; it is needless to say that any
method may be employed.

[0212] During the tracking of the specified region, the elas-
tic index calculation portion 417 determines the systolic
maximum blood vessel diameter Ds and the diastolic mini-
mum blood vessel diameter Dd to calculate the stiffness
parameter [} from the following equation:

P=[Log(Ps/Pd)]/(Ds/Dd-1)

The calculation result of the stiffness parameter f is displayed
near the M mode image in the display screen (step S10).
[0213] FIG. 21 shows adisplay screen in which the stiffness
parameter f is displayed by inputting the systolic blood pres-
sure Ps and the diastolic blood pressure Pd. In the M mode
image, paths are displayed that are produced by tracking the
intima-vascular lumen boundary on the front wall and the rear
wall of a blood vessel. The input blood presser and the cal-
culated stiffness parameter f are displayed in values. Further-
more, the arteriosclerosis risk and the age of a blood vessel
may be calculated and displayed.

[0214] By the use of information on the set tracking por-
tion, the IMT (intima media thickness), the blood vessel
diameter, the ratio between the minimum blood vessel diam-
eter and the maximum blood vessel diameter and the like may
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be calculated and displayed on the display portion together
with the elastic indices. FIG. 22 shows an example of a
display screen in which an IMT value determined from the
information on the tracking portion at the time of interest
shown together with the M mode image is additionally writ-
ten.

[0215] Although it is generally thought that it is difficult to
stably acquire the elastic indices of a tissue moving in syn-
chronization with the pulse of a hear or the like, according to
the ultrasonic diagnostic device of this embodiment, elastic
indices are calculated from reception data at a place selected
as a highly reproducible location, and thus it is possible to
stably obtain elastic indices on a blood vessel and the like.
[0216] According to the present invention, it is possible to
provide a display screen that functions as such a convenient
interface that, before starting the tracking for calculating elas-
tic indices in the ultrasonic diagnostic device, an operator
such as a doctor determines whether or not reliable elastic
indices can be obtained from data and selects an appropriate
data portion. With the ultrasonic diagnostic device of the
present invention, since elastic indices such as an elastic
modulus that are difficult to stably acquire are determined
through the decision and selection of a doctor or the like, it is
possible to obtain a more reliable result than conventionally
obtained.

[0217] Although, in the ultrasonic diagnostic device of this
embodiment, one M mode image is selected, as the line of
interest, from the M mode images equivalent to two lines, and
the elastic index is determined, highly continuous two or
three lines are selected from about five candidate lines, and
the elastic index is calculated, and their average values may be
used as the elastic index of a blood vessel. In this case, five M
mode images are displayed, and, among them, two or three M
mode images are selected and the stiffness parameter 3 is
determined, with the result that, on an instruction screen, the
stiffness parameter § of each of the M mode images and the
stiffness parameter § determined by the averaging are dis-
played.

[0218] Although, in the ultrasonic diagnostic device of this
embodiment, the stiffness parameter 3 is used as the elastic
index, a strain rate or an elastic modulus can be selected as the
elastic index. When the strain rate and the elastic modulus are
calculated, since the thickness of a blood vessel wall, espe-
cially IMT (intima media thickness), is an issue, as shown in
FIG. 3, the tracking point is set in the following four loca-
tions: a boundary between an adventitia and a media in a
blood vessel front wall, a boundary between an intima and a
vascular lumen in the blood vessel front wall, a boundary
between the vascular lumen and the intima in a blood vessel
rear wall and a boundary between the media and the adven-
titia in the blood vessel rear wall. Minute variations in blood
vessel thickness are measured from the measurement values
obtained by tracking the adventitia-media boundary and the
intima-vascular lumen boundary in each of the front wall and
the rear wall, and thus the maximum value Td and the mini-
mum value Ts of the blood vessel thickness are determined.
[0219] By using these values, the strain rate can be deter-
mined from “(Td-Ts)/Td.”” The elastic modulus E can be
determined from “E=(Ps-Pd)/[(Td-Ts)/Td].” When a more
advanced algorism is used, the area between the adventitia-
media boundary and the intima-vascular lumen boundary in
each of the front wall and the rear wall is further divided into
a plurality of pieces, and the elastic modulus of each region
may be measured. The elastic index calculation portion 417
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calculates, for the set tracking portion, at least one of the IMT,
the blood vessel diameter and the ratio of the minimum blood
vessel diameter to the maximum blood vessel diameter, and
the result may be displayed on the display 409 together with
the elastic indices.

[0220] Although, in the ultrasonic diagnostic device of this
embodiment, the position information is displayed on the
horizontal axis in the M mode image, speed information may
be displayed. In this case, it is preferable to set the tracking
point on the B mode image or to together display the M mode
image including the position information to set the tracking
point.

[0221] The setting of the tracking point can be automati-
cally performed by the use of brightness profile at the time of
interest selected in the M mode image. FIG. 23 shows bright-
ness profile at the time of interest set in FIG. 20 in the depth
direction of the reception data. The left edge of the figure is
the position of a probe; it is deeper as it extends rightward.
[0222] FIG. 24 is a line diagram showing a method of
automatically determining the tracking point. The vascular
lumen-blood vessel front wall boundary to be selected as the
tracking point can be determined at the point at which, when
itis followed from the position of the vascular lumen detected
as a black-removed portion of the center portion toward the
direction of the probe, the brightness exceeds a threshold,
further exceeds the top portion and then reaches the threshold.
On the other hand, the vascular lumen-blood vessel rear wall
boundary can be determined at the point at which, when it is
followed from the center portion toward the direction of the
deeper portion, the brightness reaches the threshold.
Although, in the figure, the same threshold is used, the front
wall boundary and the rear wall boundary may be determined
with different thresholds.

Fifth Embodiment

[0223] An ultrasonic diagnostic device according to a fifth
embodiment of the present invention has a function of highly
accurately measuring the amount of displacement of a body
tissue moving at a regular period in synchronization with a
pulse of a body under test to calculate, from the amount of
displacement, elastic characteristics, and also has the func-
tion of detecting, from a reception signal between an ultra-
sonic probe and the body tissue, the displacement (the hand
shake of an examiner and the body shake of the body under
test) of the relative position between the ultrasonic probe and
the body under test to estimate, with the amount of displace-
ment of the relative position, the accuracy of the elastic char-
acteristic calculated by the above-mentioned function. The
body tissue mentioned here refers to, for example, a blood
vessel, a heart or a carotid artery.

[0224] FIG. 25 is a block diagram showing the configura-
tion of an ultrasonic diagnostic device capable of measuring
elastic indices and according to the fifth embodiment of the
present invention, and the same parts as in FIG. 1 are identi-
fied with the same symbols, and their description will not be
repeated.

[0225] The ultrasonic diagnostic device according to this
embodiment includes the ultrasonic probe 101 incorporating
a plurality of ultrasonic transducers that transmit and receive
ultrasound and the ultrasonic diagnostic device main body.
[0226] The ultrasonic diagnostic device main body is pro-
vided with: an input portion 501, such as a keyboard or a
pointing device, that inputs various types of information; the
transmission circuit 113 and the reception circuit 115 that
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control the transmission and reception of ultrasound in the
ultrasonic probe 101; the transmit/receive control portion
111; a display 505 that displays an image; a system control
portion 511 that controls the entire system to adjust the opera-
tion appropriately; a reception data memory 513 serving as
storage means for storing the reception data output from the
reception circuit 115; a tomographic image formation portion
517 that generates, based on the reception data, image data
representing the B mode image and the M mode image; a
hand shake/body shake detection portion 504 that detects
hand shake and body shake with the reception data stored in
the reception data memory 513; a beat involving hand shake/
body shake determination portion 506; an elastic character-
istic calculation portion 507 that uses the reception data
stored in the reception data memory 513 to perform tracking
and that calculates target elastic characteristic; an image pro-
cessor 521 that forms an image for displaying the image data
and the measurement data; and a display processing portion
519 that forms a signal for displaying a screen on the display
505.

[0227] In a storage device provided in the system control
portion 111, a plurality of types of transmission delay patterns
and a plurality of types of reception delay patterns are stored;
they are selectively utilized according to the transmission and
reception directions.

[0228] The transmission circuit 113 has a plurality of chan-
nels and generates a plurality of drive signals that are input to
a plurality of ultrasonic transducers, respectively.

[0229] Thereception circuit 115 has a plurality of channels,
receives and amplifies a plurality of analog reception signals
output from a plurality of ultrasonic transducers and converts
them into digital reception signals.

[0230] Then, the reception circuit 115 performs, on the
reception data, detection processing such as envelope detec-
tion or quadrature detection, and thereafter performs correc-
tion for attenuation due to distance by STC (sensitivity time
gain control) according to the depth of a location where
ultrasound is reflected.

[0231] Inthe quadrature detection processing, ultrasound is
multiplied by each of signals cos wt and sin wt that have
substantially the same angular frequency w as that of the
ultrasound ® and that are 90 degrees out of phase with each
other, and thus down-conversion is performed. The measured
reception data contains only a real number component of the
ultrasound @, but the quadrature detection processing is per-
formed to generate a complex baseband signal V=x+jY.
[0232] Specifically, the complex baseband signal V
obtained by performing the quadrature detection has an
I-phase component (real number component) x and a Q-phase
component (imaginary number component) y that are perpen-
dicular to each other, and has information on an amplitude
A=(x*+y*)'? and a phase 6=tan™' (y/x). Thus, when the
quadrature detection is used, it is possible to calculate, based
on a larger amount of information, more accurate elastic
characteristics.

[0233] The reception data thus processed is sequentially
stored in the reception data memory 513 having a memory
capacity for storing reception data corresponding to an ultra-
sonic image equivalent to a plurality of frames.

[0234] The tomographic image formation portion 517
inputs the reception data read from the reception data
memory 513, and performs, on the input reception data, the
preprocess processing such as log compression or gain
adjustment and the scanning line conversion processing for
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converting the reception data into the image data correspond-
ing to the scanning method of normal television signals to
generate an image data and output the generated image data to
the image processor 521.

[0235] The hand shake/body shake detection portion 504
inputs the reception data read from the reception data
memory 513, and detects, with the input reception data, the
hand shake of the examiner and the body shale of the body
under test.

[0236] The beat involving hand shake/body shake determi-
nation portion 506 determines, with the reception data includ-
ing the hand shake of the examiner and the body shale of the
body under test detected by the hand shake/body shake detec-
tion portion 504, the accuracy of the reception data, and
outputs the determined information to the image processor
521.

[0237] The elastic characteristic calculation portion 507
inputs the reception data read from the reception data
memory 513, calculates the elastic characteristics with the
input reception data and outputs the calculated elastic char-
acteristics to the image processor 521.

[0238] The image processor 521 generates, based on the
input image data, information on the hand shake or the body
shake, elastic characteristic data and the like, image data
representing a screen for displaying the ultrasonic image, the
measurement results and the like, and outputs it to the display
processing portion 519. The display processing portion 119
generates a video signal for displaying the screen to transmit
it to the display 505; the display 505 displays the screen
including the ultrasonic image, the measurement results and
the like.

[0239] The system control portion 511, the tomographic
image formation portion 517, the hand shake/body shake
detection portion 504, the beat involving hand shake/body
shake determination portion 506, the elastic characteristic
calculation portion 507, the image processor 521, the display
processing portion 519 and the like are formed with the cen-
tral processing unit (CPU) and software for making the CPU
perform various types of processing. The software is stored in
a storage portion (not shown). They may be formed with a
digital circuit or an analog circuit.

[0240] FIG. 18 is a flowchart showing the operation of the
ultrasonic diagnostic device according to this embodiment as
anexample ofthe calculation of the elastic characteristics that
is the case where the stiffness parameter [3 is calculated. When
the operator (examiner) sets to display the B mode image and
the M mode image together through the input portion 501
(step S01), the system control portion 511 controls the trans-
mission circuit 113 and the reception circuit 115 to operate
the ultrasonic probe 101 pressed onto a neck, and acquires the
ultrasonic image of a carotid artery for only a predetermined
period of time.

[0241] The transducer array of the ultrasonic probe 101 is
arranged such that, for example, the scanning direction coin-
cides with a direction in which the blood of the carotid artery
flows, and receives ultrasonic echo from the front wall of a
blood vessel and the blood vessel wall of the rear wall to
output the reception signal. The reception circuit 115 gener-
ates, based on the reception signal output from the ultrasonic
probe 101, reception data, and a predetermined amount of the
reception data generated by the reception circuit 115 is stored
in the reception data memory 513.

[0242] Then, the tomographic image formation portion 517
starts to acquire, from the reception data memory 513, the
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reception data corresponding to the ultrasonic image of the
carotid artery (step S02), and generates B mode image data
serving as tomographic image information on a tissue within
the body under test to display, and displays the B mode image,
through the image processor 521 and the display processing
portion 519, on the display 505. Here, whether or not the B
mode image is an image including the hand shake or the body
shake is checked by the hand shake/body shake detection
portion 504 and the beat involving hand shake/body shake
determination portion 506. This determination method will
be described in detail with reference to FIGS. 26 to 29.
[0243] FIG. 26 is a conceptual diagram showing a method
of detecting hand shake or body shake. The examiner presses
the ultrasonic probe 101 onto, for example, the neck of the
person to be tested to obtain a reception signal from an area
601 between the ultrasonic probe 101 and a blood vessel 602,
and the reception signal is stored in the reception data
memory 513. Then, the hand shake of the examiner and the
body shake of the person to be tested are detected from the
reception data read from the reception data memory 513, and,
with the reception data including the detected hand shake and
the like, the reliability (accuracy) of the reception signal is
determined (estimated).

[0244] As shown in FIG. 26, the blood vessel 602 has a
blood vessel front wall 603, a blood vessel rear wall 605 and
a vascular lumen 604 located between the blood vessel front
wall 603 and the blood vessel rear wall 605. Since, in order to
highly accurately detect the elastic characteristic of the blood
vessel wall, it is necessary to highly accurately measure varia-
tions in the diameter of the blood vessel and the thickness of
the blood vessel wall, information on the reliability of the
reception signal is useful.

[0245] FIG. 27 is a diagram showing the B mode image of
a carotid artery. This B mode image is a B mode image
displayed on the above-mentioned display 505. In the B mode
image, the blood vessel front wall 603, the vascular lumen
604 and the blood vessel rear wall 605 as shown in FIG. 26 are
displayed.

[0246] FIG. 28 is a diagram showing the M mode image of
avertical line shown in FIG. 27. In the M mode image, a hand
shake is added at the fourth beat. On the hand shake, the
brightness value of the blood vessel rear wall is low, and it is
understood that it is impossible to highly accurately measure
the amount of displacement of the blood vessel rear wall.
[0247] FIG. 29 shows an image obtained by removing,
from the M mode image shown in FIG. 28, the difference
between frames that are continuous in terms of time, by
performing filter processing and by adjusting the brightness.
FIG. 28 shows that, since the blood vessel portion is always
moving by the pulsation, it is difficult to recognize the hand
shake, but since a tissue portion (corresponding to the refer-
ence numeral 201 shown in FIG. 26) between the blood vessel
portion and the probe is stationary, the hand shake is easily
recognized, and, in the tissue portion, the SN ratio is signifi-
cantly excellent, and thus a hand shake portion and a hand
shape pulse can be detected. Here, the hand shake is detected
by the difference image between frames; however, even when
the hand shake is detected by the pattern matching method or
the like, since there is little noise in the tissue portion between
the blood vessel portion and the probe due to the moving of
the tissue portion, the hand shake can be desirably detected.
[0248] The processing shown in FIGS. 27 to 29 is per-
formed by the hand shake/body shake detection portion 504.
Specifically, in the hand shake/body shake detection portion
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504, as shown in FIG. 29, the difference between frames is
measured and the hand shake is detected from the difference
image. Inthis way, it is possible to detect that data at the fourth
beat in the M mode image shown in FIG. 28 includes the hand
shake. Then, from the reception data including the detected
hand shake and the like, the amount of displacement of the
relative position between the ultrasonic probe 200 and the
body under test is detected, and the reliability (accuracy) of
the reception signal is determined (estimated) by the deter-
mination portion 506 from the detected amount of displace-
ment (in other words, the amount of hand shake and body
shake). The amount of displacement of the relative position
mentioned here is equivalent to the amount of displacement
between the position of the tissue in the hand shake detection
portion at the fourth beat shown in FIG. 4 and the position of
the corresponding tissue at hand shake-free beats (the first,
second and third beats); the amount of displacement can be
detected from the M mode image shown in FIG. 28.

[0249] The determination method by the determination
portion 506, for example, is that, if the detected amount of
displacement of the relative position is equal to or more than
a predetermined threshold, the received data is determined to
be the reception data at the beat in which the hand shake or the
body shake occurs, whereas, if the amount of displacement is
less than the predetermined threshold, the received data is
determined to be the reception data at the beat in which no
hand shake or body shake occurs. As the predetermined
threshold, the displacement of the relative position is prefer-
ably set at 0.1 mm. This is because: the center frequency of
ultrasound is about 1 to 15 MHz, and, in particular, it is
considered to be typically 7.5 MHz, and, when it is converted
into a wavelength, it is about 0.2 mm; when the hand shake is
less than a half wavelength (0.1 mm), it is unlikely to receive
effects of aliasing, and the measurement of the elastic char-
acteristics is unlikely to be affected by it.

[0250] The examiner such as a doctor finds, from one or a
plurality of B mode images displayed, some line positions
where the reception data is stable over each screen, and oper-
ates the input portion 501 to set one or a plurality of lines of
interest (step S03). The line of interest can be set by utilizing
a pointing device or the like displayed together with the
image. Preferably, the position of the line of interest that is set
is clearly displayed by a vertical line or the like superimposed
on the image. For convenience, one B mode image may only
be displayed such that a portion where the reception data is
stable is found.

[0251] The tomographic image formation portion 517
reads, for each line of interest that is set, the reception data in
the position corresponding to the line of interest over a pre-
determined period from the reception data memory 513,
sequentially generates the M mode image data over the pre-
determined period along the time axis and displays, through
the image processor 521 and the display processing portion
523, one or a plurality of M mode images corresponding to
the line of interest on the display 507 (step S03). When the
examiner finds, while the displayed image changes over time,
an appropriate screen that is likely to be utilized for analysis,
the examiner operates the input portion 501 to transmit an
instruction signal to the system control portion 511 to freeze
the screen of the M mode image (step S04).

[0252] FIG. 30 is a figure in which the subject to be mea-
sured is the front wall and the rear wall of the carotid artery,
and shows an example of an image on the display 505 when
the image is frozen. In FIG. 30, one B mode image is dis-
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played in the upper side, and two M mode images are dis-
played in the lower side. In the B mode image, two lines of
interest are set; the M mode image on the left side is generated
from the reception data in the line of interest indicated by a
solid line, and the M mode image on the right side is generated
from the reception data in the line of interest indicated by a
broken line. In the upper left corner of the screen, information
such as measurement conditions is displayed. If, in the M
mode image displayed, there is an image in which the hand
shake or the body shake occurs, a display indicating it is
displayed on the screen; if there is no image in which the hand
shake or the body shake occurs, a display indicating it is
displayed on the screen. In addition, an alarm may be sounded
to notify the examiner of whether or not the hand shake or the
body shake is present. If a display indicating the image where
the hand shake or the like occurs (in other words, the hand
shake or the like occurs) is displayed, the operations from step
S02 to step S04 shown in FIG. 18 are repeated. The M mode
image in which the hand shake or the like occurs is used, and
thus the elastic characteristics are measured, with the result
that the accuracy of the elastic characteristics is low.

[0253] Inthe M mode image on the right side, an unstable
portion is found to be in the inner wall; the M mode image on
the left side is a high-quality image that has only a small
amount of noise and that is likely to be utilized for analysis.
Although, in FIG. 30, the M mode image equivalent to about
one beat is only displayed, in order for an easy determination
to be made, the M mode image equivalent to three beats is
more preferably displayed. The B mode image displayed
when the screen is frozen may be displayed when the freeze
button is pressed or may be displayed anytime in a predeter-
mined one beat.

[0254] When a plurality of M mode images are displayed,
the image is frozen, and thereafter the examiner operates the
input portion 501 to select the M mode image used in the
elastic index measurement (step S05). In this case, in each M
mode image, a display indicating whether or not the hand
shake or the body shake is present is displayed, and the
examiner may select the M mode image in which there is no
hand shake or the like, and the M mode image in which the
hand shake or the like is present may fail to be displayed.
When the M mode image to be utilized is determined, the
tomographic image formation portion 517 enlarges the M
mode image to display it on the display 505 and reduces other
images to display them on the display 105.

[0255] Then, the examiner specifies, in the M mode image,
a tracking start time and a tracking completion time to set a
time-of-interest range (step S06). Moreover, the examiner
sets, in a blood vessel front wall intima-vascular lumen
boundary portion in the M mode image, a tracking point (step
S07), and furthermore sets, in a blood vessel rear wall vascu-
lar lumen-intima boundary portion, a tracking point (step
S08). As a tracking portion, at least one of a boundary
between an adventitia and a media in a blood vessel front
wall, a boundary between an intima and a vascular lumen in
the blood vessel front wall, a boundary between the vascular
lumen and the intima in a blood vessel rear wall and a bound-
ary between the media and the adventitia in the blood vessel
rear wall can be included.

[0256] FIG. 31 is a display screen of the display 505 show-
ing a state in which the time of interest and the tracking point
are set in the M mode image. Since, on the display screen used
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when the time of interest is set, the B mode image at a set time
is displayed in real time, it is possible to check noise condi-
tions.

[0257] Moreover, the examiner operates the input portion
501 to input the maximum blood pressure and the minimum
blood pressure measured with the cuff-type blood pressure
meter (step S09). These blood pressure values are utilized as
the contracting period blood pressure Ps and the expanding
period blood pressure Pd. In response to this, the elastic
characteristic calculation portion 507 tracks, from the set
tracking point, a brightness variation point characterizing the
intima-vascular lumen boundary to perform the tracking. The
tracking can be performed by various methods such as a
tomographic image pattern matching method, a zero cross
point method, a tissue Doppler method and a phase difference
tracking method with the subject point being defined; it is
needless to say that any method may be employed.

[0258] During the tracking of the specified region, the elas-
tic characteristic calculation portion 507 determines the sys-
tolic maximum blood vessel diameter Ds and the diastolic
minimum blood vessel diameter Dd shown in FIG. 5 to cal-
culate the stiffness parameter [} from the following equation:

p=[Log(Ps/Pd)]/(Ds/Dd-1)

The calculation result of the stiffness parameter {3 is displayed
near the M mode image in the display screen (step S10).

[0259] FIG. 32 shows adisplay screen in which the stiffness
parameter f is displayed by inputting the systolic blood pres-
sure Ps and the diastolic blood pressure Pd. In the M mode
image, paths are displayed that are produced by tracking the
intima-vascular lumen boundary on the front wall and the rear
wall of a blood vessel. The input blood presser and the cal-
culated stiffness parameter (3 are displayed in values. In addi-
tion, a display is displayed which indicates that the displayed
stiffness parameter f3 is calculated from an image in which no
hand shake or body shake occurs and thus is a highly accurate
elastic characteristic. A low reliable stiffness parameter f3
calculated from an image in which the hand shake or the body
shake occurs may fail to be displayed, and, along with infor-
mation on the accuracy, a low reliable stiffness parameter 3
may be displayed.

[0260] By the use of information on the set tracking por-
tion, the IMT (intima media thickness), the blood vessel
diameter, the ratio between the minimum blood vessel diam-
eter and the maximum blood vessel diameter and the like may
be calculated and displayed on the display portion together
with the elastic characteristics. FIG. 33 shows an example of
a display screen in which an IMT value determined from the
information on the tracking portion at the time of interest
shown together with the M mode image is additionally writ-
ten.

[0261] With the ultrasonic diagnostic device of the present
invention, by reliably eliminating an M mode image includ-
ing hand shake or body shake to calculate an elastic charac-
teristic, it is possible to prevent a less accurate elastic char-
acteristic result from being obtained. Thus, it is possible to
stably and reliably obtain a high accurate elastic characteris-
tic result.

[0262] In other words, since highly accurate measurement
is required in elastic characteristics, and they are highly likely
to be affected by noises, information on the accuracy of the
elastic characteristics is important. With the present inven-
tion, in the first stage, an examiner can consciously eliminate
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the elastic characteristic in which there are problems in the
measurement method or the like and the accuracy thereof.

[0263] According to the present invention, it is possible for
an examiner such as a doctor to determine, before starting
tracking for calculating an elastic characteristic in an ultra-
sonic diagnostic device, whether or not a reliable elastic char-
acteristic can be obtained from data and to select an appro-
priate data portion. With the ultrasonic diagnostic device of
the present invention, since elastic characteristics such as a
high accurate elastic modulus can be stably acquired, it is
possible to obtain a more reliable result than conventionally
obtained.

[0264] Although, in the ultrasonic diagnostic device of this
embodiment, one M mode image is selected, as the line of
interest, from the M mode images equivalent to two lines, and
the elastic characteristic is determined, highly continuous
two or three lines are selected from about five candidate lines,
and the elastic characteristic is calculated, and their average
values may be used as the elastic characteristic of a blood
vessel. In this case, five M mode images are displayed, and,
among them, two or three M mode images are selected and the
stiffness parameter f3 is determined. On an instruction screen,
the stiffness parameter f§ of each of the M mode images and
the stiffness parameter f§ determined by the averaging are
displayed. Here, the stiffness parameter § in which the accu-
racy of the elastic characteristic is low is removed from the
averaging calculation.

[0265] Although, in the ultrasonic diagnostic device of this
embodiment, the stiffness parameter 3 is used as the elastic
characteristic, a strain rate or an elastic modulus can be
selected as the elastic characteristic. When the strain rate and
the elastic modulus are calculated, since the thickness of a
blood vessel wall, especially IMT (intima media thickness), is
an issue, as shown in FIG. 3, the tracking point is set in the
following four locations: a boundary between an adventitia
and a media in a blood vessel front wall, a boundary between
an intima and a vascular lumen in the blood vessel front wall,
a boundary between the vascular lumen and the intima in a
blood vessel rear wall and a boundary between the media and
the adventitia in the blood vessel rear wall. Minute variations
in blood vessel thickness are measured from the measurement
values obtained by tracking the adventitia-media boundary
and the intima-vascular lumen boundary in each of the front
wall and the rear wall, and thus the maximum value Td and the
minimum value Ts of the blood vessel thickness are deter-
mined.

[0266] By using these values, the strain rate can be deter-
mined from “(Td-Ts)/Td.” The elastic modulus E can be
determined from “E=(Ps-Pd)/[(Td-Ts)/Td].” When a more
advanced algorism is used, the area between the adventitia-
media boundary and the intima-vascular lumen boundary in
each of the front wall and the rear wall is further divided into
a plurality of pieces, and the elastic modulus of each region
may be measured. The elastic characteristic calculation por-
tion 507 calculates, for the set tracking portion, at least one of
the IMT, the blood vessel diameter and the ratio of the mini-
mum blood vessel diameter to the maximum blood vessel
diameter, and the result may be displayed on the display 505
together with the elastic indices.

[0267] Although, in the ultrasonic diagnostic device of this
embodiment, the position information is displayed on the
horizontal axis in the M mode image, speed information may
be displayed. In this case, it is preferable to set the tracking
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point on the B mode image or to together display the M mode
image including the position information to set the tracking
point.

[0268] The setting of the tracking point can be automati-
cally performed by the use of brightness profile at the time of
interest selected in the M mode image. FIG. 34 shows bright-
ness profile at the time of interest set in FIG. 31 in the depth
direction of the reception data. The left edge of the figure is
the position of a probe; it is deeper as it extends rightward.

[0269] Moreover, in this embodiment, as in the fourth
embodiment, as shown in FIG. 24, the vascular lumen-blood
vessel front wall boundary to be selected as the tracing point
can be determined at the point at which, when it is followed
from the position of the vascular lumen detected as a black-
removed portion of the center portion toward the direction of
the probe, the brightness exceeds a threshold, further exceeds
the top portion and then reaches the threshold. On the other
hand, the vascular lumen-blood vessel rear wall boundary can
be determined at the point at which, when it is followed from
the center portion toward the direction of the deeper portion,
the brightness reaches the threshold. Although, in the figure,
the same threshold is used, the front wall boundary and the
rear wall boundary may be determined with different thresh-
olds.

Sixth Embodiment

[0270] FIGS. 35A and 35B are schematic diagrams show-
ing a method of correcting hand shake or body shake in an
ultrasonic diagnostic device according to a sixth embodiment
of the present invention.

[0271] Whereas, in the fifth embodiment, the reception data
excluding the hand shake or the body shake is used, and thus
the elastic characteristics are calculated, in the sixth embodi-
ment, reception data in which, in the reception data including
the hand shake or the body shake, the amount of hand shake
or body shake is corrected is used, and thus the elastic char-
acteristics are calculated. The fifth embodiment is similar to
the sixth embodiment except this point, and thus the descrip-
tion of like parts will not be repeated and different parts will
only be described.

[0272] In this embodiment, when the beat involving hand
shake/body shake determination portion 506 shown in FIG.
25 determines that the hand shake or the body shake occurs,
the following correction is performed.

[0273] As shown in FIGS. 35A and 35B, a blood vessel
diameter at a time t=0 corresponds to the systolic maximum
blood vessel diameter Ds shown in FIG. 5; a blood vessel
diameter at atime t=AT corresponds to the diastolic minimum
blood vessel diameter Dd shown in FIG. 5. FIG. 35A shows a
state in which there is no hand shake or body shake at the time
t=AT; FIG. 35B shows a state in which the hand shake or the
body shake is present at the time t=AT.

[0274] When the stiffness parameter 3 is calculated, as
shown in FIG. 35B, at the time t=AT, the amount of shake M
in the hand shake or the body shake serving as the amount of
displacement of the relative position between the ultrasonic
probe 101 and the body under test and tracking vector T, and
T, are determined by the pattern matching or the like. Pulse
vectors B,,and B, are determined by an equation “B=T-M.”
The pulse vectors B, and B, determined, in this way, by
subtracting the amount of shake M from the amount of dis-
placement of a body tissue are those in which the amount of
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shake M in the hand shake or the body shake are corrected,
and correspond to FIG. 35A in which no hand shake or body
shake occurs.

[0275] Since the ultrasonic diagnostic device tends to have
more difficulties in detecting the blood vessel front wall than
the blood vessel rear wall, it is assumed that B, =B, , and the
above correction is performed on only B,, with the result that
the pulse vectors B,,and B; may be determined.

[0276] According to the sixth embodiment, since, in the M
mode image including the hand shake or the body shake, the
amount of shake in the hand shake or the body shake is
corrected, and thus elastic characteristics are calculated, it is
possible to stably and reliably obtain highly accurate elastic
characteristics even if the hand shake or the like occurs.

INDUSTRIAL APPLICABILITY

[0277] In the present invention, with the ultrasonic diag-
nostic device that transmits ultrasound to the body under test
and that receives ultrasonic echo reflected off the body under
test to generate the ultrasonic image data and that measures
the IMT of a blood vessel, it is possible to accurately and
highly recognizably notify a person to be tested of arterio-
sclerosis risk.

[0278] According to the present invention, thereis provided
an ultrasonic diagnostic device that allows an examiner to
visually and easily understand the movement state of the
subject region to be tested by including, in the ultrasonic
diagnostic device that transmits ultrasound to the body under
test and that receives ultrasonic echo reflected off the body
under test to generate the ultrasonic image data, a feature in
which, in a three-dimensional coordinate system including
the time axis, measurement results based on the ultrasonic
image are displayed.

[0279] According to the present invention, there is provided
an ultrasonic diagnostic device that reliably obtains stable
elastic indices because, in the ultrasonic diagnostic device
that transmits ultrasound to the body under test and that
receives ultrasonic echo from the body under test to generate
the ultrasonic image data, the stable data region can be
selected and specified from the image data displayed on the
display.

[0280] According to the present invention, there is provided
an ultrasonic diagnostic device that can measure an elastic
index in which unstable data is reliably eliminated from the
ultrasonic image information obtained by detecting the hand
shake or the body shake in the ultrasonic diagnostic device
that transmits ultrasound to the body under test and that
receives ultrasonic echo from the body under test to generate
the ultrasonic image data.

DESCRIPTION OF SYMBOLS

[0281] 101 ultrasonic probe

[0282] 103 blood pressure meter

[0283] 105 display

[0284] 107 arteriosclerosis risk comparison information
[0285] 111 transmit/receive control portion
[0286] 113 transmission circuit

[0287] 115 reception circuit

[0288] 117 tomographic image formation portion
[0289] 119 display processing portion

[0290] 121 IMT measurement line setting portion
[0291] 123 IMT calculation portion

[0292] 125 measurement tracking portion
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[0293] 127 blood vessel wall displacement calculation
portion

[0294] 129 blood pressure measurement portion

[0295] 131 f calculation portion

[0296] 132 elastic modulus calculation portion

[0297] 133 arteriosclerosis risk determination portion

[0298] 217 image data generation portion

[0299] 219 image storage device

[0300] 221 display processing portion

[0301] 223 display device

[0302] 225 subject setting portion

[0303] 227 position identification portion

[0304] 401 input portion

[0305] 407 display

[0306] 411 system control portion

[0307] 413 reception data memory

[0308] 415 image generation portion

[0309] 417 elastic index calculation portion

[0310] 421 image processor

[0311] 423 display processing portion

[0312] 501 input portion

[0313] 504 hand shake/body shake detection portion

[0314] 505 display

[0315] 506 beat involving hand shake/body shake deter-

mination portion

[0316] 507 elastic characteristic calculation portion

[0317] 511 system control portion

[0318] 513 reception data memory

[0319] 517 tomographic image formation portion

[0320] 519 display processing portion

[0321] 521 image processor

[0322] 601 area between ultrasonic probe and a blood
vessel

[0323] 602 blood vessel

[0324] 603 blood vessel front wall

[0325] 604 vascular lumen

[0326] 605 blood vessel rear wall

1. An ultrasonic diagnostic device comprising:

an ultrasonic probe that transmits ultrasound to a body
under test and that receives ultrasonic echo reflected off
said body under test to output a reception signal,

image data generation means that generates, based on said
reception signal output from said ultrasonic probe,
image data representing an ultrasonic image on a blood
vessel of said body under test;

IMT measurement means that measures, based on said
image data generated by said image data generation
means, an IMT (intima media thickness) of said blood
vessel;

elastic index measurement means that determines, based
on said image data generated by said image data genera-
tion means, a value representing an elastic index of said
blood vessel; and

display means that displays a two-dimensional coordinate
system in which said IMT is represented on a first coor-
dinate axis and said value representing said elastic index
of said blood vessel is represented on a second coordi-
nate axis.

2. The ultrasonic diagnostic device of claim 1, further

comprising:

a data storage device storing arteriosclerosis risk compari-
son data,
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wherein said arteriosclerosis risk comparison data is dis-
played in said two-dimensional coordinate system such
that a determination of arteriosclerosis risk is facilitated.

3. The ultrasonic diagnostic device of claim 1,

wherein said value representing said elastic index of said
blood vessel is a stiffness parameter b.

4. The ultrasonic diagnostic device of claim 1,

wherein said value representing said elastic index of said
blood vessel is a blood vessel diameter variation rate.

5. The ultrasonic diagnostic device of claim 1,

wherein said value representing said elastic index of said
blood vessel is an elastic modulus.

6. The ultrasonic diagnostic device of claim 1,

wherein said value representing said elastic index of said
blood vessel is a WI (wave intensity).

7. The ultrasonic diagnostic device of claim 1,

wherein said elastic index measurement means determines
said elastic index of said blood vessel from a tracking
start line set based on an IMT measurement line deter-
mined in said image data by said IMT measurement
means.

8. The ultrasonic diagnostic device of claim 7,

wherein said tracking start line is said IMT measurement
line.

9. The ultrasonic diagnostic device of claim 7,

wherein said tracking start line is a line obtained by moving
said IMT measurement line in parallel to a direction of
an adventitia within an intima media.

10. An ultrasonic diagnostic device comprising:

an ultrasonic probe that transmits ultrasound to a body
under test and that receives ultrasonic echo reflected off
said body under test to output a reception signal;

image data generation means that generates, based on said
reception signal output from said ultrasonic probe,
image data representing an ultrasonic image of said
body under test along a measurement line which is set;

subject setting means that sets a subject region to be mea-
sured in said ultrasonic image represented by said image
data;

position identifying means that measures, from said ultra-
sonic image, a distance in a vertical direction in a mea-
surement position in said subject region to be measured,

display processing means that generates a screen display-
ing temporal changes in said subject region to be mea-
sured in a three-dimensional coordinate system in which
said measurement position in said subject region to be
measured is represented on a first axis, said distance in
said vertical direction at said measurement position is
represented on a second axis and time is represented on
a third axis; and

a display device that displays said screen.

11. The ultrasonic diagnostic device of claim 10,

wherein said display processing means generates a graph
in which profile lines of said graph representing said
distance in said measurement position in said subject
region to be measured at a same time are drawn in layers
along said third axis.

12. The ultrasonic diagnostic device of claim 10,

wherein said display processing means generates a graph
in which profile lines of said graph representing time
variation in said measurement position in said subject
region to be measured are drawn in layers along said first
axis.
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13. The ultrasonic diagnostic device of claim 10,

wherein said display processing means generates a graph
in which profile lines of said graph representing said
distance in said measurement position in said subject
region to be measured at a same time are drawn in layers
along said third axis and in which profile lines of said
graph representing time variation in said measurement
position in said subject region to be measured are drawn
in layers along said first axis such that those profile lines
are displayed in a form of a mesh.

14. The ultrasonic diagnostic device of claim 10,

wherein said subject region to be measured is a boundary
between a vascular lumen and a blood vessel wall in a
blood vessel.

15. The ultrasonic diagnostic device of claim 10,

wherein said subject region to be measured is at least one
of, in a blood vessel, a boundary between a vascular
lumen and a front wall intima, a boundary between a
front wall intima media and an adventitia, a boundary
between said vascular lumen and a rear wall intima and
a boundary between a rear wall intima media and the
adventitia.

16. The ultrasonic diagnostic device of claim 10,

wherein said distance in said measurement position in said
subject region to be measured is identified by perform-
ing tracking in said ultrasonic image.

17. The ultrasonic diagnostic device of claim 10,

wherein said measurement position in said subject region
to be measured is automatically identified with said
image data.

18. An ultrasonic diagnostic device comprising:

transmit/receive means that supplies a plurality of drive
signals to an ultrasonic probe including a plurality of
ultrasonic transducers transmitting and receiving ultra-
sound and that processes a plurality of reception signals
output from said ultrasonic probe to generate reception
data;

storage means that stores said reception data generated by
said transmit/receive means;

image data generation means that generates, based on said
reception data stored in said storage means, B mode
image data representing a B mode image and that reads,
based on one or a plurality of lines of interest set at one
or a plurality of positions in said B mode image, a
characteristic amount from said reception data stored in
said storage means to generate M mode image data
representing one or a plurality of M mode images; and

elastic index calculation means that calculates an elastic
index with said reception data corresponding to said M
mode image selected from said one or said plurality of M
mode images.

19. The ultrasonic diagnostic device of claim 18,

wherein, within a range of time of interest of said reception
data set on said M mode image selected from said one or
said plurality of M mode images, said elastic index cal-
culation means calculates said elastic index with said
reception data corresponding to said M mode image.

20. The ultrasonic diagnostic device of claim 19,

wherein said elastic index calculation means performs
tracking on a tracking portion set in said M mode image
selected from said one or said plurality of M mode
images within said range of time of interest to calculate
said elastic index corresponding to said M mode image.
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21. The ultrasonic diagnostic device of claim 20,

wherein said tracking portion includes at least one of a
boundary between an adventitia and a media in a blood
vessel front wall, a boundary between an intima and a
vascular lumen in said blood vessel front wall, a bound-
ary between said vascular lumen and said intima in a
blood vessel rear wall and a boundary between said
media and said adventitia in said blood vessel rear wall.

22. The ultrasonic diagnostic device of claim 20,

wherein said elastic index calculation means calculates,
from information on said tracking portion that is set, at
least one of an IMT (intima media thickness), a blood
vessel diameter and a ratio between a minimum blood
vessel diameter and a maximum blood vessel diameter
to display a selected one on a display portion along with
said elastic index.

23. The ultrasonic diagnostic device of claim 20,

wherein tracking portion setting means automatically
selects and sets, according to a predetermined charac-
teristic, said tracking portion from said M mode image.

24. The ultrasonic diagnostic device of claim 18,

wherein said elastic index calculation means calculates, as
said elastic index, at least one of a stiffness parameter b,
a strain rate and an elastic modulus.

25. An ultrasonic diagnostic device comprising:

an ultrasonic probe that includes a plurality of ultrasonic
transducers transmitting and receiving ultrasound to and
from a body tissue moving in synchronization with a
pulse of a body under test;

transmit/receive means that supplies a plurality of drive
signals to said ultrasonic probe and that processes a
plurality of reception signals output from said ultrasonic
probe to generate reception data;

storage means that stores said reception data generated by
said transmit/receive means;

image data generation means that generates, based on said
reception data stored in said storage means, said recep-
tion data corresponding to a B mode image and that
reads a characteristic amount from said reception data
stored in said storage means to generate said reception
data corresponding to one or a plurality of M mode
images;

detection means that detects hand shake or body shake with
said reception data corresponding to said M mode image
generated by said image data generation means;

determination means that uses said reception data corre-
sponding to said M mode image in which the hand shake
or the body shake is detected by said detection means to
detect an amount of variation of a relative position
between said ultrasonic probe and said body under test,
and that determines, with said amount of variation, an
accuracy of said reception data corresponding to said M
mode image; and

elastic characteristic calculation means that measures, with
said reception data corresponding to said M mode image
selected from said reception data corresponding to said
one or said plurality of M mode images determined by
said determination means to be highly accurate, an
amount of displacement of said body tissue, and that
calculates said elastic characteristic with said amount of
displacement.
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26. An ultrasonic diagnostic device comprising:

an ultrasonic probe that includes a plurality of ultrasonic
transducers transmitting and receiving ultrasound to and
from a body tissue moving in synchronization with a
pulse of a body under test;

transmit/receive means that supplies a plurality of drive
signals to said ultrasonic probe and that processes a
plurality of reception signals output from said ultrasonic
probe to generate reception data;

storage means that stores said reception data generated by
said transmit/receive means;

image data generation means that generates, based on said
reception data stored in said storage means, said recep-
tion data corresponding to a B mode image and that
reads a characteristic amount from said reception data
stored in said storage means to generate said reception
data corresponding to one or a plurality of M mode
images;

elastic characteristic calculation means that measures, with
said reception data corresponding to said M mode image
selected from said reception data corresponding to said
one M mode image or said reception data corresponding
to said plurality of M mode images, an amount of dis-
placement of said body tissue, and that calculates said
elastic characteristic from said amount of displacement;

detection means that detests, with said reception data cor-
responding to said M mode image selected, hand shake
or body shake; and

determination means that uses said reception data corre-
sponding to said M mode image in which the hand shake
or the body shake is detected by said detection means to
detect an amount of variation of a relative position
between said ultrasonic probe and said body under test,
and that determines, with said amount of variation, an
accuracy of said elastic characteristic calculated by said
elastic characteristic calculation means.

27. The ultrasonic diagnostic device of claim 25,

wherein said detection means detects, with said reception
data corresponding to both said M mode image and said
body tissue between said ultrasonic probe when said
ultrasonic probe is pressed onto said body under test and
an area where said elastic characteristic is calculated,
said hand shake or said body shake.

28. The ultrasonic diagnostic device of claim 25,

wherein, when said determination means uses said amount
of variation to determine said accuracy, a beat in which
said amount of variation of said relative position is larger
than a threshold is determined to be less accurate.

29. The ultrasonic diagnostic device of claim 26,

wherein, from averaging of said elastic characteristics
between beats used when said elastic characteristic cal-
culation means performs said calculation, any of said
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beats in which said accuracy of'said elastic characteristic
is determined to be less accurate by said determination
means is excluded.

30. The ultrasonic diagnostic device of claim 29, further

comprising:

display means that produces an image displaying said elas-
tic characteristic calculated by said elastic characteristic
calculation means and that superimposes and displays
said image on said B mode image.

31. The ultrasonic diagnostic device of claim 26, further

comprising;

display means that produces an image displaying said elas-
tic characteristic calculated by said elastic characteristic
calculation means for each beat in said M mode image,
that superimposes and displays said elastic characteris-
tic determined to be highly accurate by said determina-
tion means on said M mode image and that does not
display said elastic characteristic determined to be less
accurate by said determination means.

32. The ultrasonic diagnostic device of claim 25,

wherein said amount of variation of said relative position in
said determination means is detected by a difference
image between frames of said M mode image or a pat-
tern matching method.

33. The ultrasonic diagnostic device of claim 28,

wherein said threshold for said amount of variation of said
relative position is equal to or more than 0.1 mm.

34. The ultrasonic diagnostic device of claim 25,

wherein said detection means detects said hand shake or
said body shake with said reception data corresponding
to said M mode image by a difference image between
frames of said M mode image or pattern matching
between frames of said M mode image.

35. The ultrasonic diagnostic device of claim 25,

wherein said elastic characteristic calculation means cal-
culates, as said elastic characteristic, at least one of a
stiffness parameter b, a strain rate and an elastic modu-
lus.

36. The ultrasonic diagnostic device of claim 25,

wherein said body tissue is any one of a blood vessel, a
heart and a carotid artery.

37. The ultrasonic diagnostic device of claim 25,

wherein said amount of variation of said relative position
detected by said determination means is subtracted from
said amount of displacement of said body tissue mea-
sured by said elastic characteristic calculation means,
and thus said ultrasonic diagnostic device has a function
of correcting said amount of displacement of said body
tissue, and said elastic characteristic calculation means
calculates said elastic characteristic with said amount of
displacement of said body tissue corrected by said
function.
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