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(57) ABSTRACT

An ultrasonic diagnostic apparatus according to the present
invention includes: a transmitting section 14 for driving an
ultrasonic probe 13 sending out an ultrasonic transmitted
wave toward a tissue of an organism; a receiving section 15
for receiving an ultrasonic reflected wave, produced by
getting the ultrasonic transmitted wave reflected by the
tissue of the organism, through the ultrasonic probe to
generate a received signal; a phase detecting section 17 for
detecting the phase of the received signal to generate a phase
detected signal; a positional displacement calculating sec-
tion 31a for calculating the magnitudes of positional dis-
placements at multiple measuring points, set on the tissue of
the organism, based on the phase detected signal; a thickness
variation calculating section 315 for calculating thicknesses
or thickness variations, each measured between two arbi-
trary points set with respect to the measuring points, based
on the magnitudes of positional displacements; and a maxi-
mum/minimum value calculating section 31¢ for finding the
maximum and minimum thicknesses or thickness variations
during a maximum value finding period and a minimum
value finding period, which are defined as respective partial
periods of one cardiac cycle of the organism. At least one of
the greatest thickness difference, strain and elastic property
is calculated based on a difference between the maximum
and minimum thicknesses or thickness variations.
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ULTRASONOGRAPH AND ULTRASONOGRAPH
CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus. More particularly, the present invention
relates to an ultrasonic diagnostic apparatus for measuring
the attribute property of a tissue in an organism and also
relates to a method for controlling such an ultrasonic diag-
nostic apparatus.

BACKGROUND ART

[0002] Recently, the number of people suffering from
various circulatory system diseases, including heart infarc-
tion and brain infarction, has been on the rise, thus making
it more and more urgent to prevent and treat these diseases.

[0003] The pathopoiesis of heart or brain infarction is
closely correlated to arterial sclerosis. More specifically, if
an atheroma is created on the arterial wall or if no arterial
cells are produced anymore due to various factors such as
elevated blood pressure, then the artery loses its elasticity to
become hard and fragile. Also, if the blood vessel is clogged
up where the atheroma has been created or if a vascular
tissue covering the atheroma has ruptured, then the atheroma
will move itself into the blood vessel to clog up the artery
elsewhere or to rupture the hardened portions of the artery.
As a result, these diseases are caused. That is why it is
important to diagnose the arterial sclerosis as early as
possible to prevent or treat these diseases.

[0004] In the prior art, the lesion of arterial sclerosis is
diagnosed by directly observing the inside of the blood
vessel with a vascular catheter. However, this diagnosis
needs to be carried out with a vascular catheter inserted into
the blood vessel of a testee, thus imposing a heavy load on
him or her. For that reason, the vascular catheter observation
is usually adopted to locate the lesion of arterial sclerosis in
a patient who is already known to suffer from that disease
but has never been used to make a medical checkup on a
supposedly healthy person.

[0005] A checkup may be easily made without imposing
excessively heavy load on a testee if the index of cholesterol,
which is one of major causes of arterial sclerosis, or the
blood pressure is measured. However, neither of these
values directly indicates the degree of advancement of
arterial sclerosis.

[0006] Also, if the arterial sclerosis can be diagnosed early
enough to administer some medicine to its patient, then the
disease can be treated effectively. However, it is said that
once the arterial sclerosis has advanced to a certain degree,
the farther advancement of that disease can be checked with
the administration of medicine but it is difficult to repair the
hardened artery completely.

[0007] That is why a method or apparatus for determining
the degree of advancement of arterial sclerosis at an early
stage of that disease without imposing too much load on a
testee is now in high demand.

[0008] Meanwhile, an ultrasonic diagnostic apparatus or
an X-ray diagnostic apparatus has been used in the prior art
as a noninvasive medical apparatus that imposes only a light
load on a person under test. Specifically, by irradiating the
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testee with an ultrasonic wave or an x-ray that has been
produced externally, shape information or information about
the variation in the shape of his or her internal body with
time can be acquired without causing pain to him or her.
When the information about the variation with time (i.e.,
mobility information) in the shape of an object under test in
his or her body can be obtained, the attribute information of
the object can be obtained. That is to say, the vascular elastic
property of the organism can be known and the degree of
advancement of the arterial sclerosis can be detected
directly.

[0009] Among other things, the ultrasonic diagnosis is
superior to the X-ray diagnosis because the ultrasonic diag-
nosis can be made just by putting an ultrasonic probe on a
person under test. That is to say, in the ultrasonic diagnosis,
there is no need to administer a contrast medium to the
person under test and there is no concern about potential
X-ray exposure, either.

[0010] Recently, however, some ultrasonic diagnostic
apparatuses can have significantly improved measuring
accuracy thanks to remarkable advancement of electronic
technologies. As a result, ultrasonic diagnostic apparatuses
for measuring the very small motion of a vital tissue have
been developed. For example, Patent Document No. 1
discloses a technique of tracking an object of measurement
highly accurately by analyzing the amplitude and phase of
an ultrasonic echo signal by a restricted minimum square
method. This technique is called a “phase difference tracking
method”. According to this technique, vibration components
of a vascular motion, having an amplitude of several
micrometers and a frequency of as high as several hundreds
of Hz, can be measured accurately. Thus, it was reported that
the thickness variation or strain of the vascular wall could be
measured highly accurately on the order of several microns.

[0011] By adopting such a high-accuracy measuring tech-
nique, the two-dimensional distribution of the elastic prop-
erty of the arterial wall can be plotted in detail. For example,
Non-Patent Document No. 1 shows an example of present-
ing the two-dimensional distribution of the elasticity of the
iliac bone arterial vascular wall as an image superposed on
a B-mode tomogram.

[0012] Tt is known that the hardness of the arterial wall is
not uniform but has some distribution. That is why in
diagnosing the arterial sclerosis, it is important to know the
exact hardness distribution of the arterial wall. According to
the method disclosed in Non-Patent Document No. 1, the
elasticity, which is a characteristic quantity showing the
degree of advancement of the arterial sclerosis, is presented
two-dimensionally, and therefore, the hardened portion of
the arterial wall can be located accurately.

[0013] Patent Document No. 1: Japanese Patent Appli-
cation Laid-Open Publication No. 10-5226

[0014] Non-Patent Document No. 1: Hiroshi Kanai et
al., “Elasticity Imaging of Atheroma with Transcuta-
neous Ultrasound Preliminary Study”, Circulation, Vol.
107, pp. 3018-3021, 2003

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0015] However, since the measurements can now be done
on the order of several micrometers thanks to the techniques
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disclosed in Patent Document No. 1 and Non-Patent Docu-
ment No. 1, for example, the influence of noise is increasing.
In addition, the ultrasonic diagnosis is supposed to be carried
out by putting an ultrasonic probe on the measuring spot of
a person under test. That is why if the person under test
moved during the measurement, the probe could no longer
be located right over the measuring spot.

[0016] In that case, an ultrasonic reflected wave could not
be obtained properly from the vital tissue of the person under
test. Then, the measurements could not be done as intended
or the measured values might be affected by noise and
become inaccurate. In addition, if such inaccurate results of
measurements could not be judged inaccurate, then the
inaccurate results of measurements would be taken for
accurate ones by mistake. As a result, the diagnosis that has
been made based on the results of measurements might be
inappropriate or the reliability of the diagnosis might
decrease.

[0017] In order to overcome at least one of the problems
described above, an object of the present invention is to
provide an ultrasonic diagnostic apparatus that can make
accurate and highly reliable measurements and a method of
controlling such an ultrasonic diagnostic apparatus.

Means for Solving the Problems

[0018] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting section for driving
an ultrasonic probe that sends out an ultrasonic transmitted
wave toward a tissue of an organism; a receiving section for
receiving an ultrasonic reflected wave through the ultrasonic
probe to generate a received signal, the ultrasonic reflected
wave being produced by getting the ultrasonic transmitted
wave reflected by the tissue of the organism; a phase
detecting section for detecting the phase of the received
signal to generate a phase detected signal; a positional
displacement calculating section for calculating the magni-
tudes of positional displacements at multiple measuring
points, which have been set on the tissue of the organism,
based on the phase detected signal; a thickness variation
calculating section for calculating thicknesses or thickness
variations based on the magnitudes of positional displace-
ments, each said thickness or each said thickness variation
being measured between two arbitrary points, which have
been set with respect to the multiple measuring points; and
a maximum/minimum value calculating section for finding
the maximum and minimum thicknesses or the maximum
and minimum thickness variations during a maximum value
finding period and a minimum value finding period, which
are defined as respective partial periods of one cardiac cycle
of the organism. At least one of the greatest thickness
difference, strain and elastic property is calculated based on
either a difference between the maximum and minimum
thicknesses or a difference between the maximum and
minimum thickness variations.

[0019] In one preferred embodiment, the ultrasonic diag-
nostic apparatus further includes an attribute property value
calculating section that receives information about the maxi-
mum and minimum thicknesses or the maximum and mini-
mum thickness variations and information about a blood
pressure value of the organism and that figures out an elastic
property based on either the difference between the maxi-
mum and minimum thicknesses or the difference between
the maximum and minimum thickness variations and on the
blood pressure value.
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[0020] In another preferred embodiment, the maximum
value finding period and the minimum value finding period
are set during the one cardiac cycle of the organism so as not
to overlap with each other.

[0021] In another preferred embodiment, at least one of
the maximum value finding period and the minimum value
finding period is set synchronously with a biomedical signal
generated by the organism.

[0022] In this particular preferred embodiment, the bio-
medical signal is represented as an electrocardiogram by an
electrocardiograph.

[0023] In aspecific preferred embodiment, at least one of
the maximum value finding period and the minimum value
finding period is set based on at least one of P, Q, R, S, T and
U waves of the electrocardiogram.

[0024] In an alternative preferred embodiment, the bio-
medical signal is represented as a phonocardiogram by a
phonocardiograph.

[0025] In aspecific preferred embodiment, at least one of
the maximum value finding period and the minimum value
finding period is set based on at least one of I, II, IIl and IV
sounds of the phonocardiogram.

[0026] Instill another preferred embodiment, the biomedi-
cal signal is a sphygmogram.

[0027] In this particular preferred embodiment, at least
one of the maximum value finding period and the minimum
value finding period is set based on at least one of S, P, T,
C and D waves of the sphygmogram.

[0028] In yet another preferred embodiment, at least one
of the maximum value finding period and the minimum
value finding period is set based on a positional displace-
ment waveform that has been figured out in advance by the
positional displacement calculating section.

[0029] Inyet another preferred embodiment, the thickness
variation calculating section figures out in advance a thick-
ness variation waveform, showing a variation in the thick-
ness of the body tissue, according to the magnitude of
positional displacement and at least one of the maximum
value finding period and the minimum value finding period
is set based on the thickness variation waveform.

[0030] Inyetanother preferred embodiment, the thickness
variation calculating section figures out in advance a vas-
cular caliber variation waveform, showing a variation in the
vascular caliber of the body tissue, according to the mag-
nitude of positional displacement and at least one of the
maximum value finding period and the minimum value
finding period is set based on the vascular caliber variation
waveform.

[0031] In yet another preferred embodiment, each of the
maximum value finding period and the minimum value
finding period has a length corresponding to 1% to 25% of
one cardiac cycle.

[0032] Inyetanother preferred embodiment, the ultrasonic
diagnostic apparatus further includes an accuracy checking
section for checking the accuracy of at least one of the
greatest thickness difference, the strain and the elastic prop-
erty based on a result of comparison between the maximum
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and minimum thicknesses or between the maximum and
minimum thickness variations.

[0033] In this particular preferred embodiment, if the
maximum value is equal to or smaller than the minimum
value, then the accuracy checking section judges the accu-
racy of at least one of the greatest thickness difference, the
strain and the elastic property to be low.

[0034] In an alternative preferred embodiment, the ultra-
sonic diagnostic apparatus further includes an accuracy
checking section for checking the accuracy of at least one of
the greatest thickness difference, the strain and the elastic
property based on a relation between a time when at least
one of the maximum and minimum thicknesses or the
maximum and minimum thickness variations is obtained
and at least one of the associated maximum and minimum
value finding periods.

[0035] In this particular preferred embodiment, if the time
when at least one of the maximum and minimum thicknesses
or the maximum and minimum thickness variations is
obtained coincides with a start time or end time of its
associated finding period, then the accuracy checking sec-
tion judges the accuracy of at least one of the greatest
thickness difference, the strain and the elastic property to be
low.

[0036] In vet another preferred embodiment, the maxi-
mum/minimum value calculating section or the attribute
property value calculating section sets at least one of the
greatest thickness difference, the strain and the elastic prop-
erty equal to a predetermined value according to the accu-
racy.

[0037] In yet another preferred embodiment, the accuracy
checking section generates information showing the degree
of the accuracy.

[0038] Inyetanother preferred embodiment, the ultrasonic
diagnostic apparatus further includes a display section for
presenting at least one of the greatest thickness difference,
the strain and the elastic property.

[0039] In an alternative preferred embodiment, the ultra-
sonic diagnostic apparatus further includes a display section
for presenting at least one of the greatest thickness differ-
ence, the strain and the elastic property, which is displayed
two-dimensionally according to a position on the tissue of
the organism in accordance with the information showing
the degree of the accuracy.

[0040] In another alternative preferred embodiment, the
ultrasonic diagnostic apparatus further includes a display
section for presenting at least one of the greatest thickness
difference, the strain and the elastic property and the accu-
racy, represented by the information showing the degree of
the accuracy, as two-dimensional images reflecting the posi-
tion on the tissue of the organism.

[0041] Another ultrasonic diagnostic apparatus according
to the present invention includes: a transmitting section for
driving an ultrasonic probe that sends out an ultrasonic
transmitted wave toward a tissue of an organism; a receiving
section for receiving an ultrasonic reflected wave through
the ultrasonic probe to generate a received signal, the
ultrasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by the tissue of the
organism; a phase detecting section for detecting the phase

Jan. 24, 2008

of the received signal to generate a phase detected signal; a
positional displacement calculating section for calculating
the magnitudes of positional displacements at multiple mea-
suring points, which have been set on the tissue of the
organism, based on the phase detected signal; a thickness
variation calculating section for calculating thicknesses or
thickness variations based on the magnitudes of positional
displacements, each said thickness or each said thickness
variation being measured between two arbitrary points,
which have been set with respect to the multiple measuring
points; a maximum/minimum value calculating section for
finding the maximum and minimum thicknesses or the
maximum and minimum thickness variations; an attribute
property value calculating section for figuring out at least
one of the greatest thickness difference, strain and elastic
property based on the difference between the maximum and
minimum values; and an accuracy checking section for
checking the accuracy of at least one of the greatest thick-
ness difference, the strain and the elastic property by refer-
ence to times when the maximum and minimum values are
obtained.

[0042] 1In one preferred embodiment, the ultrasonic diag-
nostic apparatus further includes an attribute property value
calculating section that receives information about the maxi-
mum and minimum thicknesses or the maximum and mini-
mum thickness variations and information about a blood
pressure value of the organism and that figures out an elastic
property based on either the difference between the maxi-
mum and minimum thicknesses or the difference between
the maximum and minimum thickness variations and on the
blood pressure value.

[0043] In another preferred embodiment, the accuracy
checking section checks the accuracy by comparing the
respective times when the maximum and minimum values
are obtained with each other.

[0044] In another preferred embodiment, the maximum/
minimum value calculating section finds the maximum and
minimum values in a first period. which is equal to or shorter
than one cardiac cycle of the organism.

[0045] 1In another preferred embodiment, the maximum/
minimum value calculating section finds the maximum and
minimum values in a first period, which is equal to or shorter
than one cardiac cycle of the organism, and the accuracy
checking section checks the accuracy by determining
whether or not the time at which at least one of the maximum
and minimum values is obtained falls within a second
period, which is defined as a partial period of the first period
during one cardiac cycle of the organism.

[0046] In this particular preferred embodiment, the first
period is defined synchronously with a biomedical signal
generated by the organism.

[0047] 1In another preferred embodiment, the biomedical
signal is represented as an electrocardiogram by an electro-
cardiograph.

[0048] 1In a specific preferred embodiment, the first period
is set based on at least one of P, Q, R, S, T and U waves of
the electrocardiogram.

[0049] In an alternative preferred embodiment, the bio-
medical signal is represented as a phonocardiogram by a
phonocardiograph.
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[0050] In a specific preferred embodiment, the first period
is set based on at least one of I, 11, III and IV sounds of the
phonocardiogram.

[0051] Instill another preferred embodiment, the biomedi-
cal signal is a sphygmogram.

[0052] In this particular preferred embodiment, the first
period is set based on at least one of S, P, T, C and D waves
of the sphygmogram.

[0053] In yet another preferred embodiment, the first
period is set based on a positional displacement waveform
that has been figured out in advance by the positional
displacement calculating section.

[0054] Inyet another preferred embodiment, the thickness
variation calculating section figures out in advance a thick-
ness variation waveform, showing a variation in the thick-
ness of the body tissue, according to the magnitude of
positional displacement and the first period is set based on
the thickness variation waveform.

[0055] Inyetanother preferred embodiment, the thickness
variation calculating section figures out in advance a vas-
cular caliber variation waveform, showing a variation in the
vascular caliber of the body tissue, according to the mag-
nitude of positional displacement and the first period is set
based on the vascular caliber variation waveform.

[0056] In yet another preferred embodiment, the first
period has a length corresponding to 5% to 75% of one
cardiac cycle.

[0057] In vet another preferred embodiment, the maxi-
mum/minimum value calculating section or the attribute
property value calculating section sets at least one of the
greatest thickness difference, the strain and the elastic prop-
erty equal to a predetermined value according to the accu-
racy.

[0058] In yetanother preferred embodiment, the accuracy
checking section generates information showing the degree
of the accuracy.

[0059] Inyetanother preferred embodiment, the ultrasonic
diagnostic apparatus further includes a display section for
presenting at least one of the greatest thickness difference,
the strain and the elastic property.

[0060] In an alternative preferred embodiment, the ultra-
sonic diagnostic apparatus further includes a display section
for presenting at least one of the greatest thickness differ-
ence, the strain and the elastic property, which is displayed
two-dimensionally according to a position on the tissue of
the organism in accordance with the information showing
the degree of the accuracy.

[0061] In another alternative preferred embodiment, the
ultrasonic diagnostic apparatus further includes a display
section for presenting at least one of the greatest thickness
difference, the strain and the elastic property and the accu-
racy, represented by the information showing the degree of
the accuracy, as two-dimensional images reflecting the posi-
tion on the tissue of the organism.

[0062] Still another nultrasonic diagnostic apparatus
according to the present invention includes: a transmitting
section for driving an ultrasonic probe that sends out an
ultrasonic transmitted wave toward a tissue of an organism;

Jan. 24, 2008

areceiving section for receiving an ultrasonic reflected wave
through the ultrasonic probe to generate a received signal,
the ultrasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by the tissue of the
organism; a phase detecting section for detecting the phase
of the received signal to generate a phase detected signal; a
shape measured value calculating section for calculating the
magnitudes of positional displacements at multiple measur-
ing points, which have been set on the tissue of the organ-
ism, based on the phase detected signal and figuring out
shape measured values based on the magnitudes of posi-
tional displacements, each said shape measured value being
calculated between two arbitrary points, which have been set
with respect to the multiple measuring points; an attribute
property value calculating section for calculating attribute
property values based on the shape measured values; a
go/no-go testing section for determining whether or not each
of the values and/or each of the attribute property values
are/is correct value(s) and calculating a go/no-go ratio based
the test results; and a display section for presenting the shape
measured values and/or the attribute property values accord-
ing to the go/non-go ratio.

[0063] In one preferred embodiment, if the go/no-go ratio
and a predetermined threshold value satisfy a prescribed
condition, the go/no-go testing section generates a presen-
tation signal, indicating that the go/no-go ratio is good, and
the display section presents a spatial distribution image of
the shape measured values and/or the attribute property
values in response to the presentation signal.

[0064] In another preferred embodiment, the attribute
property value calculating section, the attribute property
value calculating section and the go/no-go testing section
perform their calculations every cardiac cycle of the organ-
ism and the display section continues to present the spatial
distribution image of the shape measured values and/or the
attribute property values until the next presentation signal is
received.

[0065] In another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a storage section for
storing the values and/or the attribute property values if the
20/no-go ratio and the predetermined threshold value satisfy
the prescribed condition. In accordance with a predeter-
mined instruction, the display section presents a spatial
distribution image of the newest ones of the shape measured
values and/or attribute property values that are stored in the
storage section.

[0066] In another preferred embodiment, the ultrasonic
diagnostic apparatus includes a storage section for storing
the go/no-go ratio. The go/mo-go testing section compares
every go/no-go ratio calculated to the best go/no-go ratio
that is stored in the storage section and generates a presen-
tation signal if the go/no-go ratio is better than the best
go/no-go ratio. In response to the presentation signal, the
display section presents a spatial distribution image of the
shape measured values and/or the attribute property values.

[0067] In another preferred embodiment, if the go/no-go
ratio is better than the best ratio, then the storage section
stores the shape measured values and/or the attribute prop-
erty values. In accordance with a predetermined instruction,
the display section presents a spatial distribution image of
the shape measured values and/or the attribute property
values, at which the best go/no-go ratio stored in the storage
section is obtained.
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[0068] In a specific preferred embodiment, each said
shape measured value is the greatest thickness difference of
the body tissue of the organism.

[0069] In another specific preferred embodiment, each
said attribute property value is the strain and/or elastic
property of the body tissue of the organism.

[0070] A method for getting an ultrasonic diagnostic appa-
ratus controlled by a control section of the ultrasonic diag-
nostic apparatus according to the present invention includes
the steps of: (A) sending out an ultrasonic transmitted wave
and receiving an ultrasonic reflected wave through the
ultrasonic probe to generate a received signal, the ultrasonic
reflected wave being produced by getting the ultrasonic
transmitted wave reflected by a tissue of an organism; (B)
detecting the phase of the received signal to generate a phase
detected signal; (C) calculating the magnitudes of positional
displacements at multiple measuring points, which have
been set on the tissue of the organism, based on the phase
detected signal; (D) calculating thicknesses or thickness
variations based on the magnitudes of positional displace-
ments, each said thickness or each said thickness variation
being measured between two arbitrary points that have been
set with respect to the multiple measuring points; (E) finding
either the maximum and minimum thicknesses or the maxi-
mum and minimum thickness variations during a maximum
value finding period and a minimum value finding period,
which are defined as respective partial periods of one cardiac
cycle of the organism; and (F) calculating at least one of the
greatest thickness difference, strain and elastic property
based on either a difference between the maximum and
minimum thicknesses or a difference between the maximum
and minimum thickness variations.

[0071] In one preferred embodiment, the step (F) includes
receiving information about the maximum and minimum
thicknesses or the maximum and minimum thickness varia-
tions and information about a blood pressure value of the
organism and figuring out an elastic property based on either
the difference between the maximum and minimum thick-
nesses or the difference between the maximum and mini-
mum thickness variations and on the blood pressure value.

[0072] In another preferred embodiment, the step (E)
includes setting the maximum value finding period and the
minimum value finding period during the one cardiac cycle
of the organism such that the maximum and minimum value
finding periods do not overlap with each other.

[0073] In still another preferred embodiment, the step (E)
includes setting at least one of the maximum value finding
period and the minimum value finding period synchronously
with a biomedical signal generated by the organism.

[0074] In yet another preferred embodiment, the biomedi-
cal signal is represented as an electrocardiogtam by an
electro-cardiograph.

[0075] In yet another preferred embodiment, the control
method further includes the step (G1) of checking the
accuracy of at least one of the greatest thickness difference,
the strain and the elastic property based on a result of
comparison between the maximum and minimum thick-
nesses or between the maximum and minimum thickness
variations.

[0076] In yet another preferred embodiment, if the maxi-
mum value is equal to or smaller than the minimum value,
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then the step (G1) includes judging the accuracy of at least
one of the greatest thickness difference, the strain and the
elastic property to be low.

[0077] In yet another preferred embodiment, the control
method further includes the step (G2) of checking the
accuracy of at least one of the greatest thickness difference,
the strain and the elastic property based on a relation
between a time when at least one of the maximum and
minimum thicknesses or the maximum and minimum thick-
ness variations is obtained and at least one of the associated
maximum and minimum value finding periods.

[0078] In yet another preferred embodiment, if the time
when at least one of the maximum and minimum thicknesses
or the maximum and minimum thickness variations is
obtained coincides with a start time or end time of its
associated finding period, then the step (G2) includes judg-
ing the accuracy of at least one of the greatest thickness
difference, the strain and the elastic property to be low.

[0079] In yet another preferred embodiment, the control
method further includes the step (H) of setting at least one
of the greatest thickness difference, the strain and the elastic
property equal to a predetermined value according to the
accuracy.

[0080] Inyetanother preferred embodiment, the step (G2)
includes generating information showing the degree of the
accuracy.

[0081] In yet another preferred embodiment, the control
method further includes the step (I1) of presenting at least
one of the greatest thickness difference, the strain and the
elastic property.

[0082] In yet another preferred embodiment, the control
method further includes the step (I2) of presenting at least
one of the greatest thickness difference, the strain and the
elastic property, which is displayed two-dimensionally
according to a position on the tissue of the organism in
accordance with the information showing the degree of the
accuracy.

[0083] In yet another preferred embodiment, the control
method further includes the step (I3) of presenting at least
one of the greatest thickness difference, the strain and the
elastic property and the accuracy, represented by the infor-
mation showing the degree of the accuracy, as two-dimen-
sional images reflecting the position on the tissue of the
organism.

[0084] Another method for getting an ultrasonic diagnos-
tic apparatus controlled by a control section of the ultrasonic
diagnostic apparatus according to the present invention
includes the steps of: (A) sending out an ultrasonic trans-
mitted wave and receiving an ultrasonic reflected wave
through the ultrasonic probe to generate a received signal,
the ultrasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by a tissue of an
organism; (B) detecting the phase of the received signal to
generate a phase detected signal; (C) calculating the mag-
nitudes of positional displacements at multiple measuring
points, which have been set on the tissue of the organism,
based on the phase detected signal; (D) calculating thick-
nesses or thickness variations based on the magnitudes of
positional displacements, each said thickness or each said
thickness variation being measured between two arbitrary
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points that have been set with respect to the multiple
measuring points; (F) finding the maximum and minimum
thicknesses or the maximum and minimum thickness varia-
tions; (G) figuring out at least one of the greatest thickness
difference, strain and elastic property based on the difference
between the maximum and minimum values; and (I) check-
ing the accuracy of at least one of the greatest thickness
difference, the strain and the elastic property by reference to
times when the maximum and minimum values are
obtained.

[0085] In one preferred embodiment, the step (G) includes
receiving information about the maximum and minimum
thicknesses or the maximum and minimum thickness varia-
tions and information about a blood pressure value of the
organism and figuring out an elastic property based on either
the difference between the maximum and minimum thick-
nesses or the difference between the maximum and mini-
mum thickness variations and on the blood pressure value.

[0086] In another preferred embodiment, the step (I)
includes checking the accuracy by comparing the respective
times when the maximum and minimum values are obtained
with each other.

[0087] 1In another preferred embodiment, the step (F)
includes finding the maximum and minimum values in a first
period, which is equal to or shorter than one cardiac cycle of
the organism.

[0088] In another preferred embodiment, the step (F)
includes finding the maximum and minimum values in a first
period, which is equal to or shorter than one cardiac cycle of
the organism, and the step (I) includes checking the accuracy
by determining whether or not the time at which at least one
of the maximum and minimum values is obtained falls
within a second period, which is defined as a partial period
of the first period during one cardiac cycle of the organism.

[0089] In this particular preferred embodiment, the first
period is defined synchronously with a biomedical signal
generated by the organism.

[0090] In another preferred embodiment, the control
method further includes the step (J) of setting at least one of
the greatest thickness difference, the strain and the elastic
property equal to a predetermined value according to the
accuracy.

[0091] In yet another preferred embodiment, the step (I)
includes generating information showing the degree of the
accuracy.

[0092] In yet another preferred embodiment, the control
method further includes the step (K2) of presenting at least
one of the greatest thickness difference, the strain and the
elastic property.

[0093] In an alternative preferred embodiment, the control
method further includes the step (K1) of presenting at least
one of the greatest thickness difference, the strain and the
elastic property, which is displayed two-dimensionally
according to a position on the tissue of the organism in
accordance with the information showing the degree of the
accuracy.

[0094] In another alternative preferred embodiment, the
control method further includes the step (K3) of presenting
at least one of the greatest thickness difference, the strain and
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the elastic property and the accuracy, represented by the
information showing the degree of the accuracy, as two-
dimensional images reflecting the position on the tissue of
the organism.

[0095] Still another method for getting an ultrasonic diag-
nostic apparatus controlled by a control section of the
ultrasonic diagnostic apparatus according to the present
invention includes the steps of: (A) sending out an ultrasonic
transmitted wave and receiving an ultrasonic reflected wave
through the ultrasonic probe to generate a received signal,
the ultrasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by a tissue of an
organism; (B) detecting the phase of the received signal to
generate a phase detected signal; (C) calculating the mag-
nitudes of positional displacements at multiple measuring
points, which have been set on the tissue of the organism,
based on the phase detected signal; (D) figuring out shape
measured values based on the magnitudes of positional
displacement, each said shape measured value being calcu-
lated between two arbitrary points, which have been set with
respect to the multiple measuring points; (E) calculating
attribute property values based on the shape measured
values; (F) determining whether each of the shape measured
values and/or each of the attribute property values are/is
correct value(s) and calculating a go/no-go ratio based the
test results; and (G) presenting the shape measured values
and/or the attribute property values according to the go/non-
2o ratio.

[0096] In one preferred embodiment, if the go/no-go ratio
and a predetermined threshold value satisfy a prescribed
condition, the step (F) includes generating a presentation
signal, indicating that the go/no-go ratio is good, and the step
(G) includes presenting a spatial distribution image of the
shape measured values and/or the attribute property values
in response to the presentation signal.

[0097] Inanother preferred embodiment, the steps (D), (E)
and (F) include performing respective calculations every
cardiac cycle of the organism and the step (G) includes
continuing to present the spatial distribution image of the
shape measured values and/or the attribute property values
until the next presentation signal is received.

[0098] In another preferred embodiment, the control
method further includes the step (H1) of storing the shape
measured values and/or the attribute property values if the
go/no-go ratio and the predetermined threshold value satisfy
the prescribed condition. The step (G) includes presenting a
spatial distribution image of the newest ones of the shape
measured values and/or attribute property values that are
stored in a storage section in accordance with a predeter-
mined instruction.

[0099] In another preferred embodiment, the control
method includes the step (H2) of storing the go/no-go ratio.
The step (F) includes comparing every go/no-go ratio cal-
culated to the best go/no-go ratio that is stored in the step
(H2), and generating a presentation signal if the go/no-go
ratio is better than the best go/no-go ratio. The step (G)
includes presenting a spatial distribution image of the shape
measured values and/or the attribute property values in
response to the presentation signal.

[0100] In another preferred embodiment, the control
method further includes the step (H3) of storing the shape
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measured values and/or the attribute property values if the
go/no-go ratio is better than the best ratio. The step (G)
includes presenting a spatial distribution image of the shape
measured values and/or the attribute property values, at
which the best go/no-go ratio stored in the storage section is
obtained, in accordance with a predetermined instruction.

[0101] In a specific preferred embodiment, each said
shape measured value is the greatest thickness difference of
the body tissue of the organism.

[0102] In another specific preferred embodiment, each
said attribute property value is the strain and/or elastic
property of the body tissue of the organism.

EFFECTS OF THE INVENTION

[0103] According to the present invention, the maximum
and minimum values of thicknesses or thickness variations
are found during a maximum value finding period and a
minimum value finding period, which are defined as respec-
tive partial periods of one cardiac cycle. As a result, the
unwanted effects of noise and other disturbances can be
reduced in the remaining periods other than the maximum
and minimum value finding periods and measurements can
be done accurately.

[0104] In addition, the accuracy of the greatest thickness
difference, strain or elastic property is checked at the points
in time when the maximum and minimum values are
obtained. Thus, by considering the degrees of accuracy of
the measuring results, inaccurate measuring results are much
less likely to be taken for accurate ones erroneously and
high-reliability diagnosis can be made based on the mea-
suring results.

[0105] On top of that, a go/no-go test is carried out to
determine whether each shape measured value or attribute
property value is a correct one or not, a go/no-go ratio is
calculated based on the results of the go/no-go testing, and
the shape measured and attribute property values are pre-
sented depending on the go/no-go ratio. Consequently, high-
reliability diagnosis can be made based on the measuring
results.

BRIEF DESCRIPTION OF DRAWINGS

[0106] FIG. 1 is a block diagram showing an arrangement
for a sitvation where an ultrasonic diagnostic apparatus
according to the present invention is used to diagnose the
tissue and attribute of a vascular wall.

[0107] FIG. 2 is a block diagram showing a first preferred
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0108] FIG. 3 is a block diagram showing the configura-
tion of the computing section of the ultrasonic diagnostic
apparatus shown in FIG. 2.

[0109] FIG. 4A schematically illustrates an ROI that is
defined on a vascular wall image presented on a display
section.

[0110] FIG. 4B schematically illustrates a two-dimen-
sional elastic property image presented on the display sec-
tion.

[0111] FIG. 5 schematically illustrates an ultrasonic beam
propagating through a tissue of an organism.
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[0112] FIG. 6 shows the relationship between the measur-
ing point and the elasticity at the measuring point.

[0113] FIG. 7 is a block diagram showing the detailed
configuration of core sections of the ultrasonic diagnostic
apparatus shown in FIG. 2.

[0114] Graphs 8a, 85 and 8¢ of FIG. 8 show the magnitude
of positional displacement, variation in thickness and varia-
tion in the inside diameter of the blood vessel as measured
on a human carotid artery by the ultrasonic diagnostic
apparatus of the present invention; graphs 8d, 8¢ and 8f of
FIG. 8 show an electrocardiogram, a phonocardiogram and
a pulse wave; and chart 8g of FIG. 8 shows phenomena
occurring in one cardiac cycle.

[0115] FIG. 9 shows an example in which a maximum
value finding period and a minimum value finding period are
defined within a part of a thickness variation waveform
corresponding to one cardiac cycle.

[0116] FIG. 10A is a side view schematically showing
measuring points on an acoustic line of an ultrasonic beam
propagating through a blood vessel.

[0117] FIG. 10B is a cross-sectional view schematically
showing the measuring points on the acoustic line of the
ultrasonic beam propagating through the blood vessel.

[0118] FIG. 11A is schematic graphs showing the magni-
tudes of positional displacements at the measuring points
shown in FIGS. 10A and 10B.

[0119] FIG. 11B is schematic graphs showing the thick-
ness variations between two adjacent ones of the measuring
points shown in FIGS. 10A and 10B.

[0120] FIG. 12 shows another example of the maximum
and minimum value finding periods that are set within a part
of a thickness variation waveform corresponding to one
cardiac cycle.

[0121] FIG. 13A schematically illustrates an exemplary
two-dimensional elastic property image presented on a dis-
play section.

[0122] FIG. 13B schematically illustrates another exem-
plary two-dimensional elastic property image presented on
the display section.

[0123] FIG. 14 is a graph showing a variation with time in
the thickness of the anterior wall of a human carotid artery,
which was measured with the ultrasonic diagnostic appara-
tus of the first preferred embodiment.

[0124] FIG. 15 is a graph showing a variation with time in
the thickness of the anterior wall of the same human carotid
artery that was measured with the ultrasonic diagnostic
apparatus of the first preferred embodiment and also show-
ing the maximum and minimum value finding periods
defined.

[0125] FIG. 16 is a block diagram showing the configu-
ration of core sections of an ultrasonic diagnostic apparatus
according to a second preferred embodiment of the present
invention.

[0126] FIG. 17 is a graph showing how to set a maximum
and minimum value finding period for a thickness variation
waveform.
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[0127] FIG. 18 is a graph showing the maximum and
minimum values of a thickness variation waveform with
inverted positive and negative values.

[0128] FIG. 19 is a graph showing where the maximum
and minimum values of the thickness variation waveform
are located if one cardiac cycle begins at a different time.

[0129] FIG. 20 is a graph showing a maximum/minimum
value finding period and an expected maximum/minimum
value appearing period that are defined for a thickness
variation waveform.

[0130] FIG. 21 is a graph showing another maximum/
minimum value finding period and another expected maxi-
mum/minimum value appearing period that are defined for
a thickness variation waveform.

[0131] FIG. 22 is a graph showing a maximum/minimum
value finding period, an expected maximum value appearing
period and an expected minimum value appearing period
that are defined for a thickness variation waveform.

[0132] FIG. 23 is a block diagram showing a configuration
for the core sections of an ultrasonic diagnostic apparatus
according to a third preferred embodiment of the present
invention.

[0133] FIG. 24A schematically shows an image in which
go/no-go information of elastic property is added to a spatial
distribution image representing the elastic property.

[0134] FIG. 24B schematically shows only a vascular wall
portion extracted from the image shown in FIG. 24A.

[0135] FIG. 25 is a flowchart showing an exemplary
operation of an ultrasonic diagnostic apparatus according to
the third preferred embodiment of the present invention.

[0136] FIG. 26 is a flowchart showing another exemplary
operation of the ultrasonic diagnostic apparatus of the third
preferred embodiment of the present invention.

[0137] FIG. 27 is a graph schematically showing the go
ratios to be calculated through the operation that follows the
flowchart shown in FIG. 25 or 26.

[0138] FIG. 28 is a flowchart showing still another exem-
plary operation of the ultrasonic diagnostic apparatus of the
third preferred embodiment of the present invention.

[0139] FIG. 29 is a graph schematically showing the go
ratios to be calculated through the operation that follows the
flowchart shown in FIG. 28.

DESCRIPTION OF REFERENCE NUMERALS

[0140] 1 extravascular tissue

[0141] 2 body surface

[0142] 3 blood vessel

[0143] 4 vascular anterior wall

[0144] 5 blood

[0145] 11 ultrasonic diagnostic apparatus
[0146] 12 blood pressure manometer
[0147] 13 ultrasonic probe

[0148] 14 transmitting section
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[0149] 15 receiving section

[0150] 16 time delay control section

[0151] 17 phase detecting section

[0152] 18 filter section

[0153] 19 computing section

[0154] 20 computed data storage section

[0155] 21 display section

[0156] 22 electrocardiograph

[0157] 31 shape measured value calculating section
[0158] 31a positional displacement calculating section
[0159] 315 thickness variation calculating section
[0160] 31c maximum/minimum value calculating section
[0161] 32 attribute property value calculating section
[0162] 33, 33' accuracy checking section

[0163] 34 distribution image generating section
[0164] 35 go/no-go testing section

[0165] 40 vascular wall

[0166] 41 ROI

[0167] 60 organism

[0168] 64 vascular wall

[0169] 66 acoustic line

[0170] 67 ultrasonic beam

BEST MODE FOR CARRYING OUT THE
INVENTION

[0171] An ultrasonic diagnostic apparatus according to the
present invention estimates the motion velocity of each
portion of an object of measurement and also figures out the
greatest thickness difference and elastic property of each
very small area. The ultrasonic diagnostic apparatus of the
present invention can be used effectively to evaluate the
elastic property of each portion of an organism and also has
sufficiently high spatial resolution. That is why the ultra-
sonic diagnostic apparatus of the present invention is pref-
erably used to figure out the greatest thickness difference,
strain and elastic property of a vascular wall.

[0172] Supposing Ap is the difference between the maxi-
mum and minimum blood pressure values (i.e., pulse pres-
sure), Ah is the greatest thickness difference of the vascular
wall during an arbitrary cardiac cycle, and H is the maxi-
mum thickness of the vascular wall, the strain is given by
AW/H and the elastic property is given by Ap-H/Ah. That is
why to evaluate the strain and elastic property with good
reliability, it is important to figure out the greatest thickness
difference accurately. Thus, an ultrasonic diagnostic appa-
ratus according to the present invention will be described as
being applied to figuring out the greatest thickness differ-
ence of a vascular wall.

[0173] FIG. 1is a block diagram showing an arrangement
for a situation where the ultrasonic diagnostic apparatus 11
of the present invention is used to diagnose the tissue and
attribute of a vascular wall. This arrangement will be used in
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common in each of the preferred embodiments to be
described below. An ultrasonic probe 13, connected to the
ultrasonic diagnostic apparatus 11, is held in close contact
with the body surface 2 of a person under test and transmits
an ultrasonic wave into a body tissue including an extravas-
cular tissue 1 and a blood vessel 3. The extravascular tissue
1 is made up of fats, muscles and so on. The transmitted
ultrasonic wave is reflected by the blood vessel 3 and blood
5, scattered, and only a portion of it comes back to, and is
received as an echo by, the ultrasonic probe 13. The ultra-
sonic probe 13 may be a known ultrasonic probe, which
includes an array of ultrasonic vibrators (i.e., a group of
ultrasonic vibrators) and which is used in a conventional
ultrasonic diagnostic apparatus. The ultrasonic diagnostic
apparatus 11 performs analysis and computations on the
signal that has been received as an echo by the ultrasonic
probe 13, thereby acquiring the mobility information of the
extravascular tissue 1 and blood vessel 3. Also, a blood
pressure manometer 12 is connected to the ultrasonic diag-
nostic apparatus 11 such that information about the blood
pressure values of the person under measurement, collected
by the blood pressure manometer 12, is input to the ultra-
sonic diagnostic apparatus 11.

[0174] In accordance with the method disclosed in Patent
Document No. 1, the ultrasonic diagnostic apparatus 11
determines the instantaneous position of the object by a
restricted minimum square method using both the amplitude
and phase of a detection signal, thereby performing phase
tracking highly accurately (where the magnitude of posi-
tional displacement has a measuring accuracy of about £0.2
pm) and measuring variations in the position and thickness
of a very small spot on the wall of the blood vessel 3 with
time with sufficient precision. [n addition, by using the blood
pressure information obtained with the blood pressure
manometer 12, the ultrasonic diagnostic apparatus 11 can
also evaluate the elastic property of a very small spot on the
wall of the blood vessel 3.

[0175] An electrocardiograph 22 is connected to the ultra-
sonic diagnostic apparatus 11, which receives an electrocar-
diogram from the electrocardiograph 22 and uses it as a
trigger signal that determines the timings of measuring data
acquisition and data resetting.

EMBODIMENT 1

[0176] Hereinafter, a First Preferred Embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described. FIG. 2 is a block diagram
showing a configuration for the ultrasonic diagnostic appa-
ratus 11. The ultrasonic diagnostic apparatus 11 includes a
transmitting section 14, a receiving section 15, a time delay
control section 16, a phase detecting section 17, a filter
section 18, a computing section 19, a computed data storage
section 20, and a display section 21. The ultrasonic diag-
nostic apparatus 11 further includes a control section 30
(implemented as a microcomputer, for example) for per-
forming an overall control on all of these sections.

[0177] The transmitting section 14 generates a predeter-
mined drive pulse signal and outputs it to the ultrasonic
probe 13. An ultrasonic transmitted wave, transmitted by the
ultrasonic probe 13 in response to the drive pulse signal, is
reflected and scattered by a body tissue such as the wall of
the blood vessel 3 to produce an ultrasonic reflected wave,
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which is then detected by the ultrasonic probe 13. The
frequency of the drive pulse that generates the ultrasonic
wave is determined with the depth of the object of measure-
ment and the velocity of the ultrasonic wave into consider-
ation such that no ultrasonic pulses, adjacent to each other
on the time axis, overlap with each other.

[0178] The receiving section 15 gets the ultrasonic
reflected wave detected by the ultrasonic probe 13 and
amplifies the detected signal, thereby generating a received
signal. The receiving section 15 includes an A/D converting
section for further converting the received signal into a
digital signal. The transmitting section 14 and receiving
section 15 may be made of electronic components, for
example.

[0179] The time delay control section 16 is connected to
the transmitting section 14 and receiving section 15 in order
to control the time delay of the drive pulse signal to be
supplied from the transmitting section 14 to a group of
ultrasonic vibrators in the ultrasonic probe 13. In this
manner, an ultrasonic beam of the ultrasonic transmitted
wave to be transmitted from the ultrasonic probe 13 can have
its acoustic line direction and depth of focus changed. Also,
by controlling the time delay of the received signal that has
been received by the ultrasonic probe 13 and then generated
by the receiving section 15, the aperture size and depth of
focus can be changed. The output of the time delay control
section 16 is passed to the phase detecting section 17.

[0180] The phase detecting section 17 detects the phase of
the received signal, of which the time delay has been
controlled by the time delay control section 16, thereby
splitting the signal into a real part signal and an imaginary
part signal, which are then input to the filter section 18. The
filter section 18 filters out RF components, the components
that have not been reflected by the object of measurement
and other noise components. The phase detecting section 17
and filter section 18 may be implemented as either a soft-
ware program or hardware components. In this manner,
phase detected signals, associated with respective points of
measurement that are set in the tissue of the blood vessel 3
and each including a real part signal and an imaginary part
signal, are generated.

[0181] As shown in FIG. 3, the computing section 19
includes a shape measured value calculating section 31 and
an attribute property value calculating section 32. The
electrocardiogram obtained by the electrocardiograph 22 is
input to the computing section 19 and used as a trigger signal
for determining the timings of measuring data acquisition
and data resetting. For this purpose, the electrocardiograph
22 may be replaced with any other biomedical signal detect-
ing means such as a phonocardiograph or a sphygmograph.
In that case, a phonocardiogram or a sphygmogram may be
used as a trigger signal instead of the electrocardiogram.

[0182] The shape measured value calculating section 31
calculates the magnitude of positional displacement (i.e.,
positional displacement with time) between multiple mea-
suring points, which are set inside the tissue of the blood
vessel 3, based on the real part signal and imaginary part
signal of the phase detected signal. The magnitude of
positional displacement can also be figured out by calculat-
ing the motion velocity of a measuring point (i.e., a tracking
point) and by integrating this motion velocity. Then, by
calculating the difference between two magnitudes of posi-
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tional displacements, which have been figured out at two
arbitrarily selected points, among those magnitudes of posi-
tional displacements, the variation in thickness between the
two points can be calculated. If either the initial values of the
two points or the initial value of the difference between the
magnitudes of positional displacements at the two points is
given, then the thickness between the two points can be
calculated.

[0183] It should be noted that the two points that define
either the thickness or the variation in thickness do not have
to agree with the measuring points that have been set inside
the tissue of the blood vessel 3. Instead, the central one of
the measuring points may be used. In that case, the magni-
tudes of positional displacements at the measuring points, of
which the central one has been defined, is preferably aver-
aged and the resultant averaged magnitude of positional
displacement is preferably used. If multiple measuring
points are used, the representative one of the measuring
points and the magnitude of positional displacement at that
point may be either simply calculated or weighted. In any
case, the two points and the magnitudes of positional dis-
placements at those points just need to be obtained with
respect to multiple measuring points.

[0184] The attribute property value calculating section 32
calculates the greatest thickness difference based on the
difference between the maximum and minimum values of
the thickness variations calculated, and evaluates the elastic
property of the tissue between the two points based on the
blood pressure data supplied from the blood pressure
manometer 12. Alternatively, the elastic property may also
be evaluated at one point between two arbitrary points.
However, the ultrasonic probe for used in this preferred
embodiment has an array of ultrasonic vibrators, and there-
fore, can evaluate the elastic property at every point within
an arbitrary area of the given cross-sectional plane.

[0185] The display section 21 maps the greatest thickness
difference, strain or elastic property that has been obtained
in this manner from the vital tissue, thereby presenting a
spatial distribution image, representing the spatial distribu-
tion of the shape measured values or attribute property
values, every cardiac cycle. The spatial distribution image
may be one-dimensional, two-dimensional or even three-
dimensional. If the image is presented in a color or a tone
associated with the shape measured value or attribute prop-
erty value, the results of measurements can be understood
more easily.

[0186] In this case, the operator can define an arbitrary
area, in which the shape measured values or attribute prop-
erty values should be obtained, by specifying an ROI
(=region of interest) on the display section 21. The ROI is
shown to allow the operator to define the area in which the
measured values should be obtained. And the size and
position of the ROI can be freely set by way of the interface
section (not shown) of the ultrasonic diagnostic apparatus 11
while being checked on the display section 21. FIG. 4A
schematically illustrates the vascular wall 40 and ROT 41
that are presented on the display section 21. The area defined
by the ROI 41 includes a tissue other than the vascular wall
40. The image of the vascular wall 40 can be generated by
modulating the received signal with a luminance associated
with the amplitude or intensity differently from the calcu-
lations described above. FIG. 4B shows the elastic property
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of the vascular wall 40 in the area defined by the RO141. In
the area defined by the ROI 41, image data items f(k),,
through f(k)s, which have been mapped to make a matrix
of six rows and five columns, are arranged, thereby forming
a spatial distribution image Fk. As described above, the
image data items f(k),, through {{k),s represent the shape
measured value (e.g., the greatest thickness difference) or
the attribute property value (e.g., strain or elastic property)
of a vital tissue.

[0187] Data about the magnitudes of positional displace-
ment, variations in thickness, and elastic property that have
been figured out by the computing section 19 may be stored
in, and readily read out from, the computed data storage
section 20, and may also be input to the display section 21
so as to be visualized into a two-dimensional image. Fur-
thermore, if the display section 21 is connected to the
computed data storage section 20, those various data stored
may also be presented on the display section 21 when
required. Those data computed by the computing section 19
are preferably output to both the display section 21 and the
storage section 20 so as to be presented in real time and
saved for future use at the same time. However, those data
may be output to just one of the display section 21 and the
storage section 20.

[0188] Next, it will be described in detail with reference to
FIGS. 5, 6 and 7 how to calculate the magnitude of posi-
tional displacement of a body tissue. As shown in FIG. 5, an
ultrasonic transmitted wave, emitted from the ultrasonic
probe 13, propagates as an ultrasonic beam 67 with a certain
finite width through the extravascular tissue 1 and blood
vessel 3 of the organism 60. In the meantime, a portion of
the ultrasonic wave is either reflected or scattered by the
extravascular tissue 1 or the blood vessel 3 back toward the
ultrasonic probe 13 and received there as an ultrasonic
reflected wave. The ultrasonic reflected wave is detected as
a time series signal r(t). The closer to the ultrasonic probe 13
a portion of the tissue that has reflected the ultrasonic wave
to produce the time series signal, the closer to the origin the
signal is located on the time axis. The width (i.e., beam spot
size) of the ultrasonic beam 67 can be controlled by chang-
ing the time delay.

[0189] As described above, the ultrasonic reflected wave
may be produced by the extravascular tissue 1, blood vessel
3 and blood 5. However, since the vascular wall tissue is the
object of measurement in this preferred embodiment, the
following description will be focused on only the blood
vessel 3 (in particular, the vascular anterior wall that is
closer to the body surface). A plurality of measuring points
P, which are located on an acoustic line 66 (i.e., the center
axis of the ultrasonic beam) on the vascular anterior wall, are
arranged at regular intervals in the order of P, P,, P5, . ..
, P, .. .and P, (where n is natural number that is equal to
or greater than three) where P, is a located closest to the
ultrasonic probe 13. Supposing coordinates are defined in
the depth direction such that the upper half of FIG. 5 is
positive domain and the lower half thereof is negative
domain and the coordinates of the measuring points P;, P,,
Py, ..., P, ...and P are represented by Z,, 7,, 7, . . .
, 2y . . . and Z_, an ultrasonic wave reflected from a
measuring point Py is located at t,=27,/c on the time axis,
where ¢ is the velocity of the ultrasonic wave in the body
tissue. The reflected wave signal r(t) has its phase detected
by the phase detecting section 17 and the phase-detected
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signal is split into a real part signal and an imaginary part
signal, which are then passed through the filter section 18.

[0190] As described above, the ultrasonic diagnostic appa-
ratus 11 sequentially calculates the magnitude of positional
displacement, the variation in thickness, and the maximum
and minimum values of the thickness variations based on the
phase-detected signal. As shown in FIG. 7, the computing
section 19 includes a positional displacement calculating
section 31a, a thickness variation calculating section 315
and a maximum/minimum value calculating section 31¢ to
obtain these shape measured values. Under the restriction
that the amplitude does not change, but only the phase and
reflection spot change, between the reflected wave signal r(t)
and another reflected wave signal r(t+At) obtained after a
very small amount of time At, the positional displacement
calculating section 31a calculates the phase difference by a
minimum square method so as to minimize the waveform
mismatch between the reflected wave signals r(t) and r(t+
At). That is to say, the positional displacement calculating
section 31a adopts a restricted minimum square method. The
motion velocity V_(t) of the measuring point P, is derived
from this phase difference and then integrated, thereby
obtaining the magnitude of positional displacement d (1).

[0191] FIG. 6 shows the relationship between the measur-
ing point P, and the tissue under test T_, of which the
elasticity needs to be calculated. A tissue under test T is
located between two adjacent measuring points P, and P,
so as to have a thickness h. In this preferred embodiment, a
number (n-1) of tissues under test T, through T__, can be
sampled from a number n of measuring points P, through P,.

[0192] The thickness variation calculating section 315
calculates the variation D, (t) in thickness as the difference
between the magnitudes of positional displacement d, (t) and
dy,,(t) of the measuring points P, and P, , | (i.e., D, (D)=d, (1)-

diepr (1)-

[0193] Furthermore, the maximum/minimum value calcu-
lating section 31c¢ obtains the maximum and minimum
values of the thickness variations. The thickness of the tissue
T, of the vascular anterior wall varies when the blood
flowing through the blood vessel, made up of the vascular
anterior wall, changes with the cardiac rate. Accordingly, the
elasticity E, (i.e., the strain rate) of the tissue under test T,
in the vascular radial direction is given by:

E=(ApxH /Al

where H,_ is the maximum thickness of the tissue under test
T, (i.e., the value associated with the lowest blood pressure),
Ah,_is the difference between the maximum and minimum
thickness variations D, (t) of the tissue under test, and Ap is
pulse pressure that is the difference between the lowest and
highest blood pressures.

[0194] In the example described above, the elasticity of
the tissue under test T, is calculated between two adjacent
measuring points. However, the elasticity may also be
calculated between two arbitrary ones of the multiple mea-
suring points. In that case, the elasticity can be calculated in
a similar manner by using the maximum thickness between
the two points selected and the maximum and minimum
thickness variations between the two points selected.

[0195] If the tissue under measurement is a circulatory
organ such as a vascular wall, then the greatest thickness
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difference Ah and pulse pressure Ap are both updated every
cardiac cycle. That is why the elastic property is preferably
evaluated in sync with every cardiac cycle. To calculate the
greatest thickness difference Ah in one cardiac cycle, the
maximum and minimum thickness variations in one cardiac
cycle need to be obtained. According to the present inven-
tion, these maximum and minimum thickness variations are
searched for in a period that is shorter than one cardiac cycle.
Hereinafter, the timings of measuring these numerical values
will be described in detail.

[0196] Graphs 8a, 85 and 8¢ of FIG. 8 respectively show
the magnitude of positional displacement, variation in thick-
ness, and variation in the inside diameter of the blood vessel
as measured by the ultrasonic diagnostic apparatus 11 at an
arbitrary point on the vascular wall of a human carotid
artery. On the other hand, graphs 8d, 8¢ and 8f of FIG. 8
respectively show the electrocardiogram, phonocardiogram
and pulse wave, which are biomedical signals obtained by
measuring the displacements shown in graphs 8a, 85 and 8¢
of FIG. 8. In all of these graphs 8a through 8/ of FIG. 8, the
abscissa represents the time. That is to say, these graphs
share the same time axis in common. Meanwhile, the chart
8g of F1G. 8 shows the cardiac cycle phenomena on the time
axis of portions 8a through 8f.

[0197] As shown in the chart 8g of FIG. 8, one cardiac
cycle is roughly divided into a systolic phase and a diastolic
phase. The systolic phase is subdivided into a preejection
period and an ejection period and the diastolic phase is
subdivided into an isovolumetric relaxation period, a dias-
tolic filling period and an atrial systolic period. The systolic
phase substantially corresponds to a range that starts with
the beginning of Q wave and terminates with the end of T
wave on the electrocardiogram (i.e., graph 84) and to a range
that starts with the beginning of I sound and terminates with
the end of IT sound on the phonocardiogram (i.e., graph 8e).
On the other hand, the diastolic phase substantially corre-
sponds to a range that starts with the end of T wave and
terminates with the beginning of Q wave on the electrocar-
diogram and to a range that starts with the beginning of 11
sound and terminates with the beginning of 1 sound on the
phonocardiogram. In FIG. 8, one cardiac cycle, which is
triggered by the beginning of a systolic phase as observed in
a heart, is indicated by the dashed lines.

[0198] The magnitude of positional displacement, varia-
tion in thickness and variation in the inside diameter of the
blood vessel shown in graphs 8a, 86 and 8¢ and the pulse
wave shown in graph 8f are measured at the carotid artery,
which is located away from the heart. That is why when
about 0.1 second has passed after various events of one
cardiac cycle have occurred in the heart, phenomena corre-
sponding to these events of the heart are observed on these
magnitudes of displacement and a pulse wave. For example,
the systolic phase of the pulse wave (see graph 8f) starts with
S wave but its timing trails by about 0.1 second behind the
beginning of the systolic phase as indicated by the dashed
line. In FIG. 8, one cardiac cycle, which is triggered by the
beginning of a systolic phase as observed in the carotid
artery, is indicated by the one dot chain.

[0199] When blood is ejected from the heart, the pulse
wave curve rises steeply from S wave into P wave. After
having reached the peak of the P wave, the pulse wave curve
makes a small upward hump of T wave, makes a notch of C
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wave, makes another small upward hump of D wave, and
then falls gently. The C and D waves are called “dichrotic
notch” and “dichrotic wave”, respectively, and are events
brought about by the closure of the aortic valve. In the
variation in the thickness of the carotid artery shown in
graph 85, the maximum value b1 is encountered at the same
time as the S wave of the pulse wave, while the minimum
value b2 is found at the same time as the P wave of the pulse
wave. That is to say, it can be seen that the greatest thickness
difference Ah does not have to be calculated in the overall
cardiac cycle but in just a period in which the S and P waves
of the pulse waves are monitored. More specifically, it can
be seen that the period in which the maximum value bl
should be found has only to fall within a time period
including at least the S wave of the pulse wave and that the
period in which the minimum value b2 should be found has
only to fall within a time period including at least the P wave
of the pulse wave. Likewise, the maximum and minimum
blood pressures for calculating the pulse pressure Ap can
also be obtained from the time periods including these S and
P waves. Furthermore, the maximum thickness H can be
obtained when the thickness variation reaches its maximum
value bl.

[0200] Consequently, the elastic property of a circulatory
organ such as the vascular wall of an organism can be
measured in either a period including the ejection period and
the ventricular systolic period (during which the S and P
waves of the pulse wave are observed) in one cardiac cycle
or a period including at least a part of the ejection period and
at least a part of the ventricular systolic period. Stated
otherwise, no maximum or minimum thickness variation is
present within the diastolic phase of one cardiac cycle.
Accordingly, even if measurements were done in this phase
to search for the maximum and minimum values, no desired
maximum and minimum values should be obtained. That is
why the magnitude of positional displacement does not have
to be measured continuously all through one cardiac cycle
but has only to be measured at least until a period including
the P wave of the pulse wave if the measurement is triggered
with the S wave of the electrocardiogram and the T sound of
the phonocardiogram.

[0201] According to the present invention, by taking
advantage of such a tendency of the thickness variation, the
periods for finding the maximum and minimum thickness
variations within one cardiac cycle are set shorter than one
cardiac cycle. More specifically, a maximum value finding
period for finding the maximum value of the thickness
variations and a minimum value finding period for finding
the minimum value thereof are provided as respective partial
periods of one cardiac cycle. The maximum value finding
period preferably includes at least a time when the S wave
of the pulse wave produces and the minimum value finding
period preferably includes at least a time when the P wave
of the pulse wave produces. These periods are preferably as
short as possible. And the maximum value finding period
and the minimum value finding period preferably do not
overlap with each other. The maximum/minimum value
calculating section 31¢ of the shape measured value calcu-
lating section 31 finds the maximum thickness variation
during the maximum value finding period defined and the
minimum thickness variation during the minimum value
finding period defined. respectively.
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[0202] FIG. 9 shows an example in which a maximum
value finding period and a minimum value finding period are
defined within one cardiac cycle. In FIG. 9, the period
between the two dashed lines represents one cardiac cycle.
By shortening the maximum value and minimum value
finding periods, noise is less likely recognized as a maxi-
mum or minimum value by mistake. For example, if each of
the maximum value and minimum value finding periods is
defined so as to have a duration corresponding to approxi-
mately 10% of one cardiac cycle, then the chances of noise
interference can be reduced to about one-fifth. In addition,
by shortening the measuring periods, the complexity of
computations to be done on the measured values can also be
cut down. As a result, the manufacturing costs of the
ultrasonic diagnostic apparatus can be reduced since there is
no need to introduce a lot of memories into the ultrasonic
diagnostic apparatus or use a high-performance computer
with high computational processing ability. Or an ultrasonic
diagnostic apparatus that can get measuring done at high
speeds is realized.

[0203] A number of measuring sample points are prefer-
ably set within the maximum value finding period and/or the
minimum value finding period. Just one sample point may
be set within the maximum value or minimum value finding
period to cut down the influence of noise. Strictly speaking,
however, one cardiac cycle is variable with a respiratory
cycle, for example, and therefore, does not have a constant
length. That is why to find the maximum and minimum
values, a number of sample points are preferably set for each
of the maximum and minimum value finding periods. When
a number of sample points are set, the average of multiple
values may be calculated within the maximum value (or
minimum value) finding period and used as the maximum
value (or minimum value) of the thickness variations.

[0204] As is clear FIG. 8, the times when the S and P
waves of the pulse wave are monitored and the times when
the maximum and minimum thickness variations bl and b2
are obtained can be set easily by using the biomedical signal.
For example, when the electrocardiograph 22 is used as
biomedical signal detecting means, the maximum value
finding period may be set as a period that lasts 0.1 second
since the R wave was detected and the minimum value
finding period may be set as a period that begins 0.2 second
after the R wave was detected and ends 0.3 second after the
R wave was detected. Then, the maximum and mininmm
thickness variations can be obtained effectively. Optionally,
the R wave may be replaced with P wave, Q wave, S wave,
T wave or U wave, or the maximum value finding period
may be defined as lasting an amount of time corresponding
to 10% of one cardiac cycle since the S wave. Even so,
similar effects are also achieved.

[0205] Alternatively, if a phonocardiograph is used as
biomedical signal detecting means, the maximum value
finding period may be set as a period that lasts 0.1 second
since the I sound was detected and the minimum value
finding period may be set as a period that begins 0.2 second
after the I sound was detected and ends 0.3 second after the
I sound was detected. Then, the maximum and minimum
thickness variations can also be obtained effectively. Option-
ally, the I sound may be replaced with II sound, III sound or
IV sound. Alternatively, the maximum value finding period
may be defined as lasting an amount of time corresponding
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to 10% of one cardiac cycle since the I sound was detected.
Even so, similar effects are also achieved.

[0206] As another alternative, if a pulse monitor is used as
biomedical signal detecting means, the maximum value
finding period may be set as a period that begins 0.05 second
before the S wave is detected and ends 0.05 second after the
S wave was detected, while the minimum value finding
period may be set as a period that begins 0.05 second before
the P wave is detected and ends 0.05 second after the P wave
was detected. Then, the maximum and minimum thickness
variations can also be obtained effectively. Optionally, the S
and P waves may be replaced with T wave, C wave or D
wave. Alternatively, the maximum value finding period may
be defined as beginning earlier than the detection of S wave
by an amount of time corresponding to 5% of one cardiac
cycle and ending later than the detection of S wave by the
amount of time corresponding to 5% of one cardiac cycle.
Fven so, similar effects are also achieved.

[0207] Furthermore, instead of providing a separate instru-
ment for detecting the biomedical signal outside of the
ultrasonic diagnostic apparatus 11 and inputting the bio-
medical signal, the numerical values got by the ultrasonic
diagnostic apparatus 11 may also be used as a trigger signal.
As shown in graph 8a of FIG. 8, there are local maximum
and minimum points such as the points al, a2 and a3, where
the magnitude of positional displacement changes uniquely,
in the curve representing the magnitudes of positional dis-
placement at arbitrary points on the carotid artery under
measurement. That is why even if those points al, a2 and a3
are extracted by the computing section 19, the maximum and
minimum thickness variation finding periods can also be
defined. Tt should be noted that the point al is an event
resulting from a point with the lowest blood pressure at the
measuring point on the blood vessel 3, the point a2 is an
event resulting from a point with the highest blood pressure
at the measuring point on the blood vessel 3, and the point
a3 is an event resulting from a dichrotic notch.

[0208] If the measuring period is defined based on the
magnitudes of positional displacements, the maximum and
minimum thickness variations can be easily obtained by
defining the maximum value finding period as a period that
begins 0.5 second before the point al and ends 0.05 second
after the point al and the minimum value finding period as
a period that begins 0.5 second before the point a2 and ends
0.05 second after the point a2, respectively. Alternatively,
the point a3 may also be used as a reference point. As
another alternative, the maximum value finding period may
also be defined as a period that begins earlier than the point
al by an amount of time corresponding to 5% of one cardiac
cycle and ends later than the point al by the same amount
of time.

[0209] Optionally, as shown in graph 8¢, the points c1, c2
and ¢3 may be extracted from the curve representing the
variation in the inside diameter of the blood vessel and used
for defining the measuring period. Or the points b1, b2 and
b3 may be extracted from the curve representing the thick-
ness variation shown in graph 85 and used for setting the
measuring period.

[0210] To define the maximum and minimum thickness
variation finding periods by using the biomedical signal
generated by the biomedical signal detecting means, the
electrocardiogram obtained by the electrocardiograph 22
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may be input to the computing section 19 as shown in FIGS.
1 and 2. If the R wave is detected in the electrocardiogram,
the magnitude of positional displacement and the thickness
variation may start to be calculated. A period lasting 0.1
second since the R wave was detected is defined as a
maximum value finding period and the maximum thickness
variation is found during this period. Next, a period that
begins 0.2 second after the R wave was detected and ends
0.3 second after the R wave was detected is defined as the
minimum value finding period, and the minimum thickness
variation is found during this period. When 0.3 second has
passed since the R wave was detected, the calculation of the
magnitude of positional displacement and thickness varia-
tion may be stopped.

[0211] The R wave may be detected by making the com-
puting section 19 use the amplitude of the electrocardio-
gram, values obtained by differentiating the electrocardio-
gram, and their timings of appearance. Alternatively, the
electrocardiograph 22 may also detect the R wave and may
output a control signal to the computing section 19 on
detecting the R wave.

[0212] Also, in the T or U wave obtained from the
electrocardiograph 22, for example, the timing of a specific
signal that is used as a reference for setting the maximum
value or minimum value find period may be close to, or be
posterior to, the time when the maximum or minimum value
of the thickness variations is detected. In that case, the
specific signal may be used as a trigger for setting the
measuring period in the next cardiac cycle that follows the
period in which the specific signal used as a trigger is
detected. Also, the computations for finding the maximum
and minimum values of the thickness variations may be
carried out either in real time during the period defined by
the specific signal, for example, or not during that period.

[0213] Considering the individual differences among per-
sons under test, each of the maximum and minimum value
finding periods preferably has a length corresponding to 1%
through 25% of one cardiac cycle. The reasons are as
follows. Specifically, if the measuring period were shorter
than 1% of one cardiac cycle, then at least one of the
maximum and minimum thickness variations could not be
obtained. However, if the measuring period were longer than
25% of one cardiac cycle, then the effects to be achieved by
shortening the measuring period could not be achieved fully
and the measurement could be subject to noise more easily.
For these reasons, the measuring period, defined by using
the biomedical signal as a trigger, preferably falls within this
range. By setting the measuring period within this range, the
computational complexity and the influence of noise would
be reduced by approximately 50% to 99%.

[0214] Also, while diagnosed by the ultrasonic diagnostic
apparatus, the organism is laid to rest and is likely to have
little variation in cardiac cycle. That is why the maximum
and minimum value finding periods do not have to be
defined every cardiac cycle. Alternatively, once defined in
accordance with the biomedical information described
above, the measuring period may be repeated at the same
intervals a number of times. Meanwhile, if the biomedical
signal is detected every cardiac cycle and if the measuring
period is defined based on that biomedical signal, then the
elastic property can be evaluated just as intended even when
the organism has an irregular cardiac cycle due to arrhyth-
mia, for example.
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[0215] In the preferred embodiment described above, the
measuring period is supposed to be set with the specific
signal obtained by only one type of biomedical signal
detecting means. Optionally, the measuring period may also
be defined by specific signals obtained by a plurality of
biomedical signal detecting means. For example, the R wave
of the electrocardiogram may be used as a signal that defines
the maximum value finding period and the point ¢3 of the
variation in the inside diameter of the blood vessel may be
used as a signal that defines the minimum value finding
period.

[0216] Also, in the preferred embodiment described
above, the greatest thickness difference is obtained by find-
ing the maximum and minimum thickness variations. Alter-
natively, the thicknesses themselves may be measured and
the greatest thickness difference may be obtained from the
maximum and minimum thicknesses. Suppose the thickness
variation is already known. In that case, if the thickness
when the thickness variation starts to be measured is known,
then the variation in thickness with time can be obtained as
the sum of the thickness at the start of measuring and the
thickness variation. The thickness at the start of measuring
is nothing but the initial value of the distance between two
arbitrary points to calculate the magnitudes of positional
displacement for, and is a known parameter for the ultra-
sonic diagnostic apparatus 11 of this preferred embodiment.

[0217] By finding the maximum and minimum values of
the thickness variations by the method described above, the
influence of noise can be reduced. However, the maximum
or minimum value of the thickness variations within one
cardiac cycle may sometimes be located outside of the
maximum value or minimum value finding period. The
reasons are as follows.

[0218] FIGS.10Aand 10B schematically show measuring
points P, through P, on an acoustic line of an ultrasonic
wave that has been transmitted toward the blood vessel 3. In
FIG. 10A, the points P, and P, are set in the vascular anterior
wall 4, the points P, P, and P; in the blood 5, and the points
P and P, in the vascular posterior wall 6.

[0219] FIG. 11A shows how the positional displacement
waveforms d, (t) through d,(t) at the respective measuring
points P, through P, change in one cardiac cycle. The points
P, and P, in the vascular anterior wall 4 shift upward (i.e.,
toward the ultrasonic probe 13) as the blood vessel dilates
and shift downward as the blood vessel is constricted. On the
other hand, the points P, and P, in the vascular posterior wall
6 shift downward as the blood vessel dilates and shift
upward as the blood vessel is constricted. The more distant
from the center of the blood vessel the given point is, the
smaller the amplitude of positional displacement in the wall
of the blood vessel 3. That is to say, the amplitude of d, (t)
is smaller than that of d,(t) in the vascular anterior wall 4 and
the amplitude of d.(t) is smaller than that of dg(t) in the
vascular posterior wall 6.

[0220] If these positional displacement waveforms d, (t)
through d,(t) are obtained at the measuring points P, through
P,, the waveforms D, through D, showing the variations in
thickness between two adjacent measuring points are given
by D,(t)=d,(t)-d,,,(t) as shown in FIG. 11B.

[0221] As shown in FIG. 11B, the thickness variation
waveforms D, (t) and Dg(t) protrude downward and their
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shapes are similar to that of the graph 86 shown in FIG. 8.
In the thickness variation waveforms D, (t) and Dg(t), the
maximum value thereof precedes the minimum value
thereof within one cardiac cycle.

[0222] Meanwhile, the thickness variation waveform
D,(t) including the boundary between the vascular anterior
wall 4 and the blood 5 and the thickness variation waveform
Ds(t) including the boundary between the blood 5 and the
vascular posterior wall 6 protrude upward. Also, the blood 5
scatters the ultrasonic waves to amuch lesser degree than the
tissue and does not show variations synchronously with the
palmus unlike the tissue, and therefore, includes a lot of
noise components. That is why the thickness variation
waveforms D;(t) and D,(t) in the blood 5 are either random
waveforms with a lot of noise components or waveforms
showing almost no variations.

[0223] Also, depending on the measuring point, the ultra-
sonic reflected wave may have an extremely small amplitude
for some reason or include some noise. In that case, the
magnitude of positional displacement calculated by using a
signal representing the wave that has been reflected from
such a point may have an inaccurate value. Specifically, its
waveform may have an excessively large waveform or an
excessively small waveform overall. In such a situation, the
thickness variation waveforms obtained based on those
magnitudes of positional displacements will be graphs with
inverted positive and negative values just like the wave-
forms D,(t) and D4(t) mentioned above.

[0224] When such thickness variation waveforms with
inverted positive and negative values are obtained, correct
maximum and minimum values cannot be obtained even by
finding the maximum value within the maximum value
finding period and the minimum value within the minimum
value finding period, respectively. As a result, the greatest
thickness difference, strain and elastic property, calculated
based on the maximum and minimum values thus obtained,
cannot be correct values, either, and those values should
have low reliability. To make the operator of this ultrasonic
diagnostic apparatus or a doctor correctly recognize these
results of measurements as measuring data with low reli-
ability, the ultrasonic diagnostic apparatus 11 of this pre-
ferred embodiment further includes an accuracy checking
section 33 for checking the accuracy of the greatest thick-
ness difference, the strain and the elastic property (see FIG.
7.

[0225] The accuracy checking section 33 compares the
maximum value of the thickness variation waveform during
the maximum value finding period with the minimum value
thereof during the minimum value finding period, thereby
checking the accuracies of the greatest thickness difference,
strain and elastic property based on the results of the
comparison. Specifically, if the maximum value found dur-
ing the maximum value finding period is D_,, and the
minimum value found during the minimum value finding
period is D, , the accuracy checking section 33 determines
whether or not the maximum and minimum values satisfy
the following Inequality (1):

D,...>D,, (1)

[0226] If the maximum and minimum values satisfy this
Inequality (1), then the accuracy checking section 33 deter-
mines that the maximum and minimum values that have
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been found from the thickness variation waveform are
correct values and that the greatest thickness difference,
strain and elastic property, calculated based on these values,
have high accuracies. This is because in the correct thickness
variation Dy(t), the maximum and minimum values of the
thickness variation waveform during one cardiac cycle are
included in the maximum value finding period and the
minimum value finding period, respectively. If the thickness
variation waveform shown in FIG. 9 has been obtained, then
D(t1)>D(12) and Inequality (1) is satisfied. Consequently,
the greatest thickness difference, strain and elastic property
to be calculated based on the maximum value D(t1) and the
minimum value D(12) have high accuracies.

[0227] On the other hand, if the thickness variation wave-
form has inverted positive and negative values as shown in
FIG. 12, then the maximum value D'(t1") found during the
maximum value finding period is smaller than the minimum
value D'(t2") found during the minimum value finding period
(i.e,, D'(t1"<D'(t2") and fail to satisfy Inequality (1). Con-
sequently, the greatest thickness difference, strain and elastic
property to be calculated based on the maximum value
D'(t1") and the minimum value D'(t2") have low accuracies.

[0228] When determining, based on the maximum and
minimum values, that the greatest thickness difference,
strain or elastic property has a low accuracy, the accuracy
checking section 33 sets the greatest thickness difference,
strain or elastic property to a predetermined value (e.g., zero
or a negative value). Alternatively, the accuracy checking
section 33 may generate information showing the degree of
accuracy. The information showing the degree of accuracy is
either “high accuracy” or “low accuracy”. And the accuracy
checking section 33 may generate an appropriate numerical
value (consisting of zeros and ones, for example) in accor-
dance with this information.

[0229] The accuracy checking section 33 may determine
the degree of accuracy not just by comparing the maximum
and minimum values with each other but also by reference
to the relationship on the time axis between the points in
time when the maximum and minimum values are found and
the maximum and minimum value finding periods. Specifi-
cally, if the points in time when the maximum and minimum
values are found coincide with the start or end times of the
maximum and minimum value finding periods, then the
greatest thickness difference, strain or elastic property may
be regarded as having low accuracies. If the thickness
variation waveform has inverted positive and negative val-
ues as shown in FIG. 12, then the thickness variation
waveform has no local maximum values within the maxi-
mum value finding period. Thus, the maximum value during
the maximum value finding period is obtained at either the
start time or the end time of the maximum value finding
period. In the same way, the thickness variation waveform
has no local minimum values within the minimum value
finding period, either, and therefore, the minimum value
during the minimum value finding period is obtained at
either the start time or the end time of the minimum value
finding period. That is why the accuracy can also be checked
properly based on such relationships.

[0230] If the accuracy is checked based on this criterion,
it is sufficient to check the relationship between the point in
time when at least one of the maximum and minimum values
is found and its associated period on the time axis. This is
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because if one of the maximum and minimum values is not
a correct value, then the greatest thickness difference, strain
or elastic property will not be a correct value, either.

[0231] The accuracy checking section 33 may check the
accuracy by either of these two methods or by using these
two methods in combination. By combining a plurality of
accuracy checking methods with each other, accuracy infor-
mation with finer step widths can be obtained effectively.

[0232] FIGS. 13A and 13B show an example in which the
greatest thickness difference, strain or elastic property is
presented on the display section 21 so as to reflect the degree
of accuracy that has been determined by the accuracy
checking section 33. More specifically, FIG. 13A shows an
exemplary image presented in a situation where the greatest
thickness difference, strain or elastic property, of which the
accuracy has been determined to be low, is set to a prede-
termined value. In the spatial distribution image F, shown in
FIG. 13A, the image data items f{k);, and f{k),, have been
regarded as having low accuracies and are set to a prede-
termined value. That is why these data items are presented
in a different color from the other image data items. As
described above, the accuracy checking section 33 may
generate information showing the degree of accuracy and
may present the spatial distribution image F, shown in FIG.
13A in accordance with the information generated.

[0233] Meanwhile, FIG. 13B shows an example in which
atwo-dimensional spatial distribution image F, showing the
greatest thickness difference, strain or elastic property and
another two-dimensional spatial distribution image G,
showing the degree of accuracy are presented on the screen
70 at the same time. In FIG. 13B, the image data items {(k),,
and f(k),, are presented in a predetermined gray-scale tone
and the spatial distribution image Gy, shows that the accu-
racies are low in these areas.

[0234] By displaying these images, low-accuracy areas
can be easily spotted on the screen on which the greatest
thickness difference, strain or elastic property is presented,
and the diagnosis can be carried out more accurately based
on the results of measurements.

[0235] The greatest thickness difference and elastic prop-
erty of a portion of a carotid wall were measured with this
ultrasonic diagnostic apparatus 11. The results are as fol-
lows.

[0236] FIG. 14 shows the variation in the thickness of the
anterior wall of a human carotid artery, which was measured
with the ultrasonic diagnostic apparatus 11. The person
under test was a 41-year-old man and the variation was
measured for a partial period of one cardiac cycle (of about
700 ms) using the R wave of his electrocardiogram as a
trigger signal. In FIG. 14, the greatest thickness difference in
one cardiac cycle was 1.87+2.62=4.49 um. In this case, the
maximum thickness at the measuring point was 160 um and
the person under test had a blood pressure difference of 40
mmHg (=5.33 kPa). Consequently, the elastic property E
was 5.33%160/4.24=190 kPa.

[0237] However, these maximum and minimum values
were respectively obtained at about 100 ms and at about 545
ms in one cardiac cycle as shown in FIG. 14. As can be seen
clearly if the results shown in FIG. 14 are compared with
graph 80 of FIG. 8, the thickness difference resulting in these
maximum and minimum values is an impossible behavior as
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a variation in the thickness of a vascular wall and is believed
to have been caused by noise. In this manner, when the
maximum and minimum thickness variations are obtained
all through one cardiac cycle, those values may sometimes
be affected by noise and inaccurate elastic property may be
obtained.

[0238] FIG. 15 shows the variation in the thickness of the
anterior wall of the same human carotid artery as that of FIG.
14. As shown in FIG. 15, if the period for finding the
maximum thickness variation is changed so as to begin at 50
ms and end at 150 ms and if the period for finding the
minimum thickness variation is changed so as to begin at
300 ms and end at 400 ms, then highly accurate maximum
and minimum values can be selected. In that case, the
greatest thickness difference was 1.87+1.25=3.12 um. The
maximum thickness at the measuring point was 160 um and
the person under test had a blood pressure difference of 5.33
kPa. Consequently, the elastic property E was 5.33x160/
3.12=270 kPa. As a result, more accurate elastic property
can be obtained. Besides, it can also be seen that the
unwanted effects of spike noise generated at around 200 ms
can be avoided by providing the maximum value find period
and the minimum value finding period separately as shown
in FIG. 15.

[0239] By changing the measuring period, the data acqui-
sition period can be shortened to about a half, and therefore,
the memory for storing the data acquired can have smaller
capacity and the computer needs to do computations of
reduced complexity per cardiac cycle. Consequently, the
memory to be built in the ultrasonic diagnostic apparatus can
have a reduced capacity and the elastic property can be
figured out faster. Optionally, a computer with low compu-
tation performance may also be adopted since the compu-
tational complexity has been reduced. Then, the cost of the
ultrasonic diagnostic apparatus can be cut down.

[0240] As described above, the ultrasonic diagnostic appa-
ratus of this preferred embodiment finds the maximum and
minimum thickness variations during two separately defined
periods that are shorter than one cardiac cycle. Thus, the
apparatus can obtain more accurate greatest thickness dif-
ference and elastic property with the influence of noise
reduced.

EMBODIMENT 2

[0241] Hereinafter, a second preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described. FIG. 16 is a block diagram
showing the configuration of core sections of the ultrasonic
diagnostic apparatus of the second preferred embodiment.
Although not shown in FIG. 16, the ultrasonic diagnostic
apparatus of the second preferred embodiment also includes
the transmitting section 14, receiving section 15, time delay
control section 16, phase detecting section 17, filter section
18 and control section 30 as in the first preferred embodi-
ment. All of these sections operate just as already described
for the first preferred embodiment.

[0242] The ultrasonic diagnostic apparatus of this pre-
ferred embodiment also finds the maximum and minimum
values of the thickness variations either during one cardiac
cycle or during respective partial periods of one cardiac
cycle and checks the degrees of accuracy of the greatest
thickness difference, strain and elastic property based on the
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maximum and minimum values obtained. For that purpose,
the computing section 19 includes the positional displace-
ment calculating section 31a, the thickness variation calcu-
lating section 315, a maximum/minimum value calculating
section 31¢, the attribute property value calculating section
32 and an accuracy checking section 33'. The positional
displacement calculating section 31a and thickness variation
calculating section 315 get their calculations done as in the
first preferred embodiment described above. Also, the cal-
culations are done by the maximum/minimum value calcu-
lating section 31¢' as in the first preferred embodiment
except that the maximum and minimum values of the
thickness variations are obtained during different periods.

[0243] As already described in detail for the first preferred
embodiment, the thickness variations are synchronous with
one cardiac cycle and the maximum and minimum values of
the thickness variations during one cardiac cycle are related
to various events occurring at the heart during one cardiac
cycle. That is why the maximum and minimum values can
be determined during respective partial periods of one
cardiac cycle associated with the thickness variations.

[0244] As is clear from the graphs 85 and 8f'shown in FIG.
8, if the partial periods include periods in which the S and
P waves of a pulse wave are observed, the maximum and
minimum values are obtained correctly. In this preferred
embodiment, the period for finding the maximum and mini-
mum values is set as a continuous partial period of one
cardiac cycle.

[0245] By shortening the period to find the maximum and
minimum values, noise is less likely recognized as a maxi-
mum or minimum value by mistake. For example, if mea-
surements are done during only the ejection period of one
cardiac cycle, the ejection period accounts for approxi-
mately 30% of the entire cardiac cycle and the chances of
noise interference can be reduced to about one-third. In
addition, by shortening the measuring period, the complex-
ity of computations to be done on the measured values can
also be cut down. As a result, the manufacturing costs of the
ultrasonic diagnostic apparatus can be reduced since there is
no need to introduce a lot of memories into the ultrasonic
diagnostic apparatus or use a high-performance computer
with high computational processing ability. Or an ultrasonic
diagnostic apparatus that can get measuring done at high
speeds is realized.

[0246] As already described for the first preferred embodi-
ment with reference to FIG. 8, the times when the S and P
waves of the pulse wave are monitored and the times when
the maximum and minimum thickness variations b1 and b2
are obtained can be set easily by using the biomedical signal.
For example, if the electrocardiograph 22 is used as bio-
medical signal detecting means, then the data acquisition
period may be defined to last from R wave through T wave.
As a result, the maximum and minimum thickness variations
can be obtained effectively. Optionally, the R wave may be
replaced with P wave, Q wave or S wave, or the data
acquisition period may be defined as a period lasting 0.5
second after the R wave was detected or lasting an amount
of time corresponding to 40% of one cardiac cycle since the
R wave was detected. Even so, similar effects are also
achieved.

[0247] Alternatively, if a phonocardiograph is used as
biomedical signal detecting means, then the data acquisition
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period may be defined so as to last from 1 sound through 11
sound to obtain the maximum and minimum thickness
variations effectively. Optionally, the T sound may be
replaced with IV sound or the II sound may be replaced with
11T sound. Alternatively, the data acquisition period may be
defined to last 0.5 second from the I sound or to begin earlier
than the I sound by an amount of time corresponding to 10%
of one cardiac cycle and to end later than the I sound by an
amount of time corresponding to 30% of one cardiac cycle.
Even so, similar effects are also achieved.

[0248] As another alternative, if a pulse monitor is used as
another biomedical signal detecting means, then the data
acquisition period may be defined so as to last from S wave
through C wave to obtain the maximum and minimum
thickness variations effectively. Optionally, the C wave may
be replaced with T wave or D wave. Alternatively, the data
acquisition period may be defined as a period lasting 0.5
second from the S wave or a period beginning earlier than
the S wave by an amount of time corresponding to 10% of
one cardiac cycle and ending later than the S wave by an
amount of time corresponding to 30% of one cardiac cycle.

[0249] Furthermore, instead of providing a separate instru-
ment for detecting the biomedical signal outside of the
ultrasonic diagnostic apparatus 11, the numerical values
measured by the ultrasonic diagnostic apparatus 11 may also
be used as a trigger signal. As shown in graph 8a of FIG. 8,
there are local maximum and minimum points such as the
points al, a2 and a3, where the magnitude of positional
displacement changes uniquely, in the curve representing the
magnitudes of positional displacements at arbitrary points
on the carotid artery under measurement. That is why even
if those points al, a2 and a3 are extracted by the computing
section 19, the periods for finding the maximum and mini-
mum thickness variations can also be defined within one
cardiac cycle. It should be noted that the point al is an event
resulting from a point with the lowest blood pressure at the
measuring point on the blood vessel 3, the point a2 is an
event resulting from a point with the highest blood pressure
at the measuring point on the blood vessel 3, and the point
a3 is an event resulting from a dichrotic notch.

[0250] If the measuring period is defined based on the
magnitudes of positional displacement, the maximum and
minimum thickness variations can be easily obtained by
setting the data acquisition period from the point al through
the point a3, for example. Alternatively, the point a3 may be
replaced with the point a2. As another alternative, the data
acquisition period may also be defined as lasting 0.5 second
from the point al or beginning earlier than the point al by
an amount of time corresponding to 10% of one cardiac
cycle and ending later than the point a2 by the same amount
of time.

[0251] Optionally, as shown in graph 8¢, the points c1, c2
and ¢3 may be extracted from the curve representing the
variation in the inside diameter of the blood vessel and used
for defining the measuring periods. Or the points b1, b2 and
b3 may be extracted from the curve representing the thick-
ness variation shown in graph 85 and used for setting the
measuring periods.

[0252] Using the biomedical signal generated by the bio-
medical signal detecting means, the electrocardiogram
obtained by the electrocardiograph 22 may be input to the
computing section 19 as shown in FIGS. 1 and 2. If the R
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wave is detected, the thickness variation may be calculated.
But if the T wave is detected, then the calculation may be
stopped as described above. The R and T waves may be
detected by making the computing section 19 use the
amplitude of the electrocardiogram, values obtained by
differentiating the electrocardiogram, and their timings of
appearance. Alternatively, the electrocardiograph 22 may
also detect the R and T waves and may output a control
signal to the computing section 19 on detecting those waves.

[0253] Also, if the timing of a specific signal such as a
waveform that triggers the biomedical signal is close to the
timing at which the maximum or minimum thickness varia-
tion is obtained or if a specific signal that rises after the
maximum or minimum thickness variation is reached is used
as a trigger, then the signal may be used as a trigger in the
measuring period of the next cardiac cycle that follows the
period in which the specific signal was obtained as a trigger.

[0254] As described above, the variation in thickness is
obtained as a difference in the magnitude of positional
displacement between two points defining the thickness.
Accordingly, the maximum and minimum thickness varia-
tions may be derived from the magnitudes of positional
displacement between two points during the period in which
the maximum and minimum thickness variations should be
obtained. The ultrasonic diagnostic apparatus 11 may obtain
the maximum and minimum thickness variations by mea-
suring the magnitudes of positional displacement all through
one cardiac cycle (i.e., continuously) and extracting some of
the magnitudes of positional displacement that fall within
the period for obtaining the maximum and minimum thick-
ness variations. Alternatively, the ultrasonic diagnostic
apparatus 11 may also obtain the maximum and minimum
thickness variations by measuring the magnitudes of posi-
tional displacement only within the particular period of one
cardiac cycle (i.e., intermittently). The maximum and mini-
mum thickness variations may be calculated either in real
time during that period defined by the biomedical signal, for
example, or during some period that does not agree with that
period.

[0255] Considering the individual differences among per-
sons under test, the measuring period for obtaining the
maximum and minimum thickness variations preferably has
a length corresponding to 5% through 75% of one cardiac
cycle. The reasons are as follows. Specifically, if the mea-
suring period were shorter than 5% of one cardiac cycle,
then at least one of the maximum and minimum thickness
variations could not be obtained. However, if the measuring
period were longer than 75% of one cardiac cycle, then the
effects to be achieved by shortening the measuring period
could not be achieved fully and the measurement could be
subjected to noise more easily. For these reasons, the mea-
suring period, defined by using the biomedical signal as a
trigger, preferably falls within this range. By setting the
measuring period within this range, the computational com-
plexity and the influence of noise would be reduced by
approximately 25% to 95%.

[0256] Also, while diagnosed by the ultrasonic diagnostic
apparatus, the organism is laid to rest and is likely to have
little variation in cardiac cycle. That is why the measuring
period does not have to be defined every cardiac cycle.
Alternatively, once defined in accordance with the biomedi-
cal information described above, the measuring period may
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be repeated at the same intervals a number of times. Mean-
while, if the biomedical signal is detected every cardiac
cycle and if the measuring period is defined based on that
biomedical signal. then the elastic property can be evaluated
just as intended even when the organism has an irregular
cardiac cycle due to arrhythmia, for example.

[0257] In the preferred embodiment described above, the
measuring period is supposed to be set with the specific
signal obtained by only one type of biomedical signal
detecting section. Optionally, the measuring period may also
be defined by specific signal obtained by a plurality of
biomedical signal detecting sections. For example, the R
wave of the electrocardiogram may be used as a signal that
defines the beginning of a measuring period and the point ¢3
of the variation in the inside diameter of the blood vessel
may be used as a signal that defines the end of the measuring
period.

[0258] Also, in the preferred embodiment described
above, the greatest thickness difference is obtained by find-
ing the maximum and minimum thickness variations. Alter-
natively, the thicknesses themselves may be measured and
the greatest thickness difference may be obtained from the
maximum and minimum thicknesses. Suppose the thickness
variation is already known. In that case, if the thickness
when the thickness variation starts to be measured is known,
then the variation in thickness with time can be obtained as
the sum of the thickness at the start of measuring and the
thickness variation. The thickness at the start of measuring
is nothing but the initial value of the distance between two
arbitrary points to calculate the magnitudes of positional
displacement for, and is a known parameter for the ultra-
sonic diagnostic apparatus 11 of this preferred embodiment.

[0259] Next, the accuracy checking section 33' will be
described. The accuracy checking section 33" checks the
degree of accuracy of at least one of the greatest thickness
difference, strain and elastic property based on the maximum
and minimum values that have been figured out by the
maximum/minimum value calculating section 31¢'. More
specifically, the accuracy checking section 33' compares the
points in time when the maximum and minimum values are
found with each other, and determines the degree of accu-
racy based on the result of the comparison.

[0260] FIG. 17 shows a part of a thickness variation
waveform corresponding to one cardiac cycle in a situation
where one cardiac cycle is defined synchronously with the
beginning of a systolic phase. A partial period for finding the
maximum and minimum values during one cardiac cycle is
defined as a first period. In the first period, the maximum
value D(t__ ) is found at a time t__, and the minimum value
D(t,,;,) is found at a time t . At a normal thickness
variation D(t), if the measuring period is set as shown in
FIG. 17, the maximum value is observed earlier than the
minimum value. Thus, the times t_ . and t_;, satisfy the
inequality t, <t . and the accuracy checking section 33'
regards the greatest thickness difference, strain or elastic
property, calculated based on these maximum and minimum
values D(t,,..) and D(t_,;,), as having high accuracy.

[0261] On the other hand, the ultrasonic reflected wave
may have an extremely small amplitude or include some
noise. In that case, the magnitude of positional displacement
calculated by using a signal representing the wave that has
been reflected from such a spot may have an inaccurate
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value. Specifically, its waveform may have an excessively
large waveform or an excessively small waveform overall.
In such a situation, the thickness variation waveform
obtained based on those magnitudes of positional displace-
ments will have inverted positive and negative values as
shown in FIG. 18. The positive and negative values of the
thickness variation waveform may also be inverted for the
reason that has been described for the first preferred embodi-
ment with reference to FIGS. 10A, 10B, 11A and 11B. If the
maximum and minimum values are obtained in FIG. 18 as
in FIG. 17, the maximum value D'(t__") is found at a time
{0y and the minimum value D'(t,; ") is found at a time t_ .
In this case, the times t__ ' and t_, ' satisfy the inequality
Crax >t and the accuracy checking section 33' regards the
greatest thickness difference, strain or elastic property, cal-
culated based on these maximum and minimum values

D'(t,.,.) and D'(t;.), as having low accuracy.

[0262] When determining, based on the maximum and
minimum values, that the greatest thickness difference,
strain or elastic property has a low accuracy, the accuracy
checking section 33' sets the greatest thickness difference,
strain or elastic property to a predetermined value (e.g., zero
or a negative value) as already described for the first
preferred embodiment. Alternatively, the accuracy checking
section 33' may generate information showing the degree of
accuracy. The information showing the degree of accuracy is
either “high accuracy” or “low accuracy”. And the accuracy
checking section 33' may generate an appropriate numerical
value (consisting of zeros and ones, for example) in accor-
dance with this information.

[0263] The greatest thickness difference, strain or elastic
property is presented on the display section 21 so as to
reflect the degree of accuracy that has been determined by
the accuracy checking section 33'. If the greatest thickness
difference, strain or elastic property, of which the accuracy
has been determined to be low, is set to a predetermined
value, a color (e.g., black) that is not used to present a
normal greatest thickness difference or elastic property may
also be displayed on the screen. Or the transparency on the
screen may be changed according to the degree of accuracy.
Furthermore, if the accuracy checking section 33' has gen-
erated information showing the degree of accuracy, then
another two-dimensional map may be used exclusively for
presenting the accuracy information and the accuracy may
be presented according to a predefined color scheme. The
specific display method may be the same as that already
described for the first preferred embodiment.

[0264] Inthe accuracy checking section 33', the conditions
for checking the accuracy according to the points in time
when the maximum and minimum values are obtained
depend on how to set one cardiac cycle in the thickness
variation waveform. As shown in FIG. 19, the trigger point,
marking the beginning of one cardiac cycle, may be set
between bl and b2 of the graph 85 shown in FIG. 8. That is
to say, the start time of one cardiac cycle may be defined 0.1
second after the S wave of the electrocardiogram or the I
sound of the phonocardiogram has been detected. In that
case, the accuracy checking section 33' determines that the
accuracy is high if the time t_,, when the maximum value
D(t,,,) is found and the time t_, when the minimum value
D(t,,,) is found satisfy the inequality t_ >t ...

[0265] Alternatively, the accuracy checking section 33'
may also check the accuracy by another method. Specifi-
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cally, as shown in FIG. 20, a first period for finding the
maximum and minimum values may be defined as a partial
period of one cardiac cycle and a period in which the
maximum and minimum values are expected to appear may
be further defined as a second period within the first period.
The expected maximum/minimum value appearing period is
set in view of the mechanism of the circulatory system and
is preferably defined such that the maximum and minimum
values appear at a probability of 99.9% within that period.
Just like the maximum and minimum value finding periods,
the expected maximum/minimum value appearing period
may be set based on a biomedical signal such as an elec-
trocardiogram or phonocardiogram or a waveform repre-
senting the magnitude of positional displacement.

[0266] The accuracy checking section 33' determines
whether or not the points in time when the maximum and
minimum values that have been figured out by the maxi-
mum/minimum value calculating section 31¢' are found fall
within the expected maximum/minimum value appearing
period. If the answer is YES, the accuracy checking section
33' regards the greatest thickness difference, strain or elastic
property, calculated based on the maximum and minimum
values, as having high accuracy.

[0267] In the example shown in FIG. 20, the times t

max
and t_, , when the maximum and minimum values are
found, respectively, both fall within the expected maximum/
minimum value appearing period, and therefore, the accu-

racy checking section 33' judges the accuracy to be high.

[0268] If the thickness variation waveform includes noise
and if the noise is measured as the minimum value D"(t_,.")
as shown in FIG. 21, then the time t_;, " is out of the
expected maximum/minimum value appearing period. Con-
sequently, the accuracy of the greatest thickness difference,
strain or elastic property to be estimated based on the
maximum value D"(t_,.") and minimum value D"(t ;") is

judged to be low.

[0269] Tt should be noted that the period in which the
maximum and minimum values are highly likely to appear
does not have to one continuous period. Alternatively, an
expected maximum value appearing period in which the
maximum value is highly likely to appear and an expected
minimum value appearing period in which the minimum
value is highly likely to appear may be defined separately
within the first period as shown in FIG. 22. In that case, the
accuracy checking section 33' determines whether or not the
maximum value is found within the expected maximum
value appearing period and whether or not the minimum
value is found within the expected minimum value appear-
ing period.

[0270] Optionally, the accuracy checking methods
described above may be combined with each other. Then,
even more precise accuracy information can be acquired.
For example, if the thickness variation waveform shown in
FIG. 21 is obtained, the accuracy is judged to be high
because t, "<t . " is satisfied just by comparing the
respective times when the maximum and minimum values
are found. However, the accuracy can be checked more
appropriately by adopting the expected maximum and mini-
mum value appearing periods.

[0271] As described above, the ultrasonic diagnostic appa-
ratus of this preferred embodiment evaluates the reliability
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of the resultant greatest thickness difference, strain or elastic
property by checking the accuracy by reference to the
respective times when the maximum and minimum values of
the thickness variations are found. Thus, the apparatus can
make highly accurate and reliable diagnosis.

EMBODIMENT 3

[0272] Hereinafter, an ultrasonic diagnostic apparatus
according to a third preferred embodiment of the present
invention will be described. FIG. 23 is a block diagram
showing a configuration for the core sections of the ultra-
sonic diagnostic apparatus of this third preferred embodi-
ment. Although not shown in FIG. 23, the ultrasonic diag-
nostic apparatus of the third preferred embodiment also
includes the transmitting section 14, receiving section 15,
time delay control section 16, phase detecting section 17,
filter section 18 and control section 30 just like the coun-
terpart of the first preferred embodiment. All of these
sections operate just as already described for the first pre-
ferred embodiment.

[0273] The ultrasonic diagnostic apparatus of this pre-
ferred embodiment determines whether or not the greatest
thickness difference, strain or elastic property, obtained
every cardiac cycle, is a highly reliable one overall. For that
purpose, the computing section 19 includes a shape mea-
sured value calculating section 31, an attribute property
value calculating section 32 and a go/no-go testing section
33.

[0274] As already described in detail for the first preferred
embodiment, the shape measured value calculating section
31 figures out the attribute property value. More specifically,
the shape measured value calculating section 31 calculates
the magnitudes of positional displacements at multiple mea-
suring points that have been set within the tissue of an
organism by using the real- and imaginary-part signals of a
phase detected signal, and then obtains a variation in thick-
ness between two arbitrary points based on those magni-
tudes of positional displacements. The attribute property
value calculating section 32 figures out an attribute property
value. More specifically, the attribute property value calcu-
lating section 32 calculates the strain or elastic property
based on the difference between the maximum and mini-
mum values of the thickness variations. As already
described for the first and second preferred embodiments,
the maximum and minimum values of the thickness varia-
tions may be found either within a partial period that has
been defined in one cardiac cycle or within the maximum
value and minimum value finding periods. By finding the
maximum and minimum values within the partial period of
one cardiac cycle, the measuring error due to the noise can
be reduced as already described for the first and second
preferred embodiments.

[0275] The go/no-go testing section 35 determines, for
every single data, whether or not the greatest thickness
difference calculated by the shape measured value calculat-
ing section 31 or the strain or elastic property calculated by
the attribute property value calculating section 32 is a
reliable value. For example, if the elastic property is
obtained as a two-dimensional matrix consisting of six rows
by five columns, the go/no-go testing section 35 determines
whether the elastic property value at each position is reliable
or not. Thus, the go/no-go testing section 35 makes the
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decisions on thirty points in total. The go/no-go test may be
made as follows. For example, in a situation where the
thickness variation is adopted as a parameter, if some data
shows an increase in thickness that should have decreased
with a rise in blood pressure, then the data may be regarded
as a “no-go”. Or if some data shows that the time when the
thickness reaches its maximum value (or minimum value)
and the time when the blood pressure value reaches its
minimum value (or maximum value) exceed predetermined
threshold values, then the data may be regarded as a “no-
go”, too.

[0276] The go/no-go testing section 35 calculates the
go/no-go ratio for the respective positions under test. FIG.
24A shows an elastic property image in which go/no-go
information has been added to the elastic property repre-
sented by six rows and five columns. The image display area
is defined by specifying an ROI on the screen of the display
section 21 as already described for the first preferred
embodiment. In FIG. 24A, the no-go positions are shown in
black, 18 out of 30 positions were judged “go”, and the go
ratio is 60%. Among the data shown in FIG. 24 A, the data
on the first row and the data on the sixth row were collected
from outside of the vascular wall, thus not showing accurate
coeflicients of elasticity. Optionally, the go/no-go testing
section 33 may calculate a no-go ratio instead of the go ratio.

[0277] FIG. 24B shows only a vascular wall portion
extracted from the elastic property image shown in FIG.
24A. To extract a vascular wall area from a spatial distri-
bution image, a difference in acoustic impedance may be
used, for example. Alternatively, the ROI may be adjusted so
as to consist of the vascular wall only. Among the 20
positions showing the vascular wall, 18 positions have “go”
data and the go ratio is 90%. A method of controlling the
display of an ultrasonic diagnostic apparatus based on the go
ratio calculated in this manner will be described. The data to
be judged “go” or “no-go” preferably covers only the area in
which the elastic property should be evaluated. That is why
the go/no-go tests are preferably carried out on the area
shown in FIG. 24B rather than the area shown in FIG. 24A
and the go ratio that has been figured out based on the test
results is preferably used to control the display.

[0278] The go/no-go testing section 35 compares the go
ratio calculated in this manner to the predetermined thresh-
old value that is stored in the computed data storage section
20. If the go ratio is equal to or higher than the threshold
value, the go/no-go testing section 35 outputs a presentation
signal showing that the go/no-go ratio is good to the display
section 21. In response to the presentation signal, the display
section 21 presents image data. For example, if the threshold
value is set to 80%, image data with a go ratio of 90% is
presented on the display section 21. However, if the thresh-
old value is 95%, then the image data will not be presented
on the display section 21. On the other hand, when calcu-
lating a no-go ratio, the go/no-go testing section 35 outputs
a presentation signal showing that the go/no-go ratio is good
if the no-go ratio is equal to or lower than the threshold
value. That is to say, the go/no-go testing section 35 gen-
erates a presentation signal when the go/no-go ratio and
threshold value satisfy the predetermined conditions. The
go/mo-go testing section 35 performs such an operation
every cardiac cycle of the given organism.

[0279] FIG. 25 is a flowchart showing an exemplary
procedure of controlling the ultrasonic diagnostic apparatus
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using a go ratio. More specifically, a method of controlling
the presentation of a spatial distribution image based on a
result of comparison between the go ratio a, calculated by
the go/no-go testing section 35 and the go ratio threshold
value A that has been set in advance by the operator of the
ultrasonic diagnostic apparatus is shown. The procedure to
be described below may be stored as a program or firmware
to be carried out by a computer on a ROM or any other
storage medium provided for the ultrasonic diagnostic appa-
ratus.

[0280] First, before making measurements, the operator
sets the go ratio threshold value A on the ultrasonic diag-
nostic apparatus (in Step S1). Next, the operator operates the
ultrasonic diagnostic apparatus to get the shape measured
value or attribute property value (e.g., the elastic property)
of a desired point calculated by the distribution image
generating section 34 (in Step S2) and then get its spatial
distribution image F, generated (in Step S3). Subsequently,
the respective parts of the image are judged go or no-go and
the go ratio a, is calculated (in Step S4) and compared to the
threshold value A (in Step S5). If the go ratio a, is higher
than the threshold value A, the spatial distribution image F,
is presented on the display section 21 in response to the
presentation signal supplied from the go/no-go testing sec-
tion 33 (in Step S6) to complete the operation of this cardiac
cycle. Then, the process goes back to Step S2 to carry out the
processing steps S2 through S6 all over again. On the other
hand, if the go ratio a, is lower than the threshold value A,
then the operation of this cardiac cycle is completed without
presenting the spatial distribution image F, and the process
goes back to Step S2. If the previous spatial distribution
image F, is presented on the display section 21, then that
image is maintained.

[0281] In the example shown in FIG. 25, the processing
step S3 of generating the distribution image and the pro-
cessing step S4 of calculating the go ratio may be carried out
in reverse order. FIG. 26 is a flowchart showing that situa-
tion. Unlike the control method shown in FIG. 25, the spatial
distribution image F, is generated in Step S15 only if it has
been determined in Step S14 that the go ratio a, has
exceeded the threshold value A according to the method
shown in FIG. 26. That is to say, the control method shown
in FIG. 26 is advantageous in that the distribution image
generating section 34 needs to carry out computations a
smaller number of times.

[0282] The go ratio a, may be shown on the display
section 21 every time the user requests it. Even if the image
F is not presented, the operator can see whether the go ratio
of the measuring data is increasing or decreasing and can
determine whether the measuring points or positions are
appropriate or not by showing the go ratio for him or her.

[0283] Ifthe operator wants to stop or finish the measure-
ments, then he or she may input a freeze signal to the
ultrasonic diagnostic apparatus. The freeze signal may be
input in any of the processing steps shown in FIGS. 25 and
26. On sensing that the freeze signal has been input, the
ultrasonic diagnostic apparatus stops all measurements. On
the display section 21, presented is the last spatial distribu-
tion image F along with its associated go ratio a, among
various images of which the go ratios a, are higher than the
threshold value A.

[0284] To perform such an operation, not only the presen-
tation of the spatial distribution image F but also the storage
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of spatial distribution images F, and go ratios a,, which
exceed the threshold value A, on the computed data storage
section 20 are preferably done in the processing steps S6 and
S16 shown in FIGS. 25 and 26. If those images F, and go
ratios a,, are stored, then the operator can view only reliable
images that exceed the threshold value A after the freeze
signal has been input, and therefore, can make a diagnosis
efficiently. In addition, if the freeze signal has been input, an
image F with the highest go ratio in the period between the
beginning of the measurement and the input of the freeze
signal can be read out from the computed data storage
section 20 and presented on the display section 21. Option-
ally, the control operation may also be performed such that
not all measurements are stopped immediately but only the
presented one is continued even when the freeze signal is
input.

[0285] FIG. 27 is a graph showing the go ratios a, that
were calculated by the ultrasonic diagnostic apparatus of this
preferred embodiment every cardiac cycle. The abscissa
represents the number of times the spatial distribution
images have been generated since the measurements were
started, i.e., the number of cardiac cycles since the beginning
of the measurements. The threshold value A was set to 90%.
The go ratio a, was low for a while after the measurements
were started because the position or respiratory state of the
person under test or the operator holding the ultrasonic
probe 13 was still not fixed. But the go ratio a, increased
gradually. As indicated by the encircled numbers on the axis
of abscissas shown in FIG. 27, the go ratios a, of the fifth to
eighth cycles and the tenth cycle are higher than the thresh-
old value A. The ultrasonic diagnostic apparatus presents the
spatial distribution image on the display section 21 when the
go ratio a,, is higher than the threshold value A. Specifically,
no spatial distribution images are presented on the display
section 21 from the beginning of the measurements through
the fourth cardiac cycle. And a spatial distribution image I
is presented for the first time in the fifth cardiac cycle.
Thereafter, an updated spatial distribution image is pre-
sented every cardiac cycle through the eighth cardiac cycle.
The go ratio a,, of the ninth cardiac cycle is lower than the
threshold value A. Thus, in the ninth cardiac cycle, the
spatial distribution image is not updated but the previous one
Fy is presented continuously. After that, the image is updated
again into the spatial distribution image F,, in the tenth
cycle.

[0286] As described above, according to this preferred
embodiment, the go ratio a calculated by the go/no-go
testing section 33 is compared to the threshold value A that
has been set in advance by the operator and a spatial
distribution image F is presented only when the go ratio a is
higher than the threshold value A. Thus, the operator can
selectively view only results of measurements that surpass a
certain level of reliability and can make an even more
accurate diagnosis.

[0287] Optionally, the end of the measurements may be
controlled by using the go ratio a,. For example, a value
showing that the results of measurements have sufficient
reliability may be set as the threshold value A' and it is
determined whether the go ratio a_ is higher than the
threshold value A' or not. If the answer is YES, the mea-
surements are finished and the last spatial distribution image
is either printed out or stored on a storage medium. This
control technique may be combined with the method of
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controlling the presentation of the spatial distribution image
described above. If the spatial distribution image is also
presented, then the threshold value A' for use to control the
end of the measurements preferably shows higher degree of
reliability than the threshold value A for use to present the
spatial distribution image. Then, the measurements can be
finished automatically and a desired spatial distribution
image can be generated when the reliability of measure-
ments reaches a sufficiently high level after the measure-
ments were started.

[0288] In the preferred embodiment described above, the
two-dimensional distribution of the elastic property of a
vascular wall is figured out. Alternatively, the ultrasonic
diagnostic apparatus of the present invention is also effec-
tively applicable for use in other circulatory organs such as
heart and in liver, mamma and other body tissues.

[0289] Also, the preferred embodiment described above is
an ultrasonic diagnostic apparatus that figures out the two-
dimensional distribution of shape measured values or
attribute property values and presents it as an image every
cardiac cycle. Alternatively, a three-dimensional distribution
of shape measured values or attribute property values may
be figured out by using a 3D mechanical probe, for example,
and presented as an image every cardiac cycle.

[0290] Furthermore, in the preferred embodiment
described above, the go ratio and the threshold value are
compared to each other and the display section 21 is
controlled based on the result of the comparison. That is why
in the initial stages of measurements done by the ultrasonic
diagnostic apparatus, the measuring states are still incon-
stant, and therefore, the go ratio may rarely exceed the
threshold value and the images may not be presented so
often. In that case, the presentation may be controlled by
using the go ratio itself as a reference. Then, the images can
also be presented even in the initial stages of measurements.

[0291] Specifically, the computed data storage section 20
stores the go/no-go ratios and the shape measured values
and/or the attribute property values. Every time calculated a
2o/no-go ratio, the go/no-go testing section 35 compares it
to the best go/no-go ratio that is stored in the computed data
storage section 20. If the go/no-go ratio is higher than the
best value, then the go/no-go testing section 35 generates a
presentation signal. The computed data storage section 20
may store all go/no-go ratios, shape measured values and
attribute property values such that the best go/no-go ratio
and its associated shape measured value and attribute prop-
erty value can be detected among those go/no-go ratios
stored. Alternatively, the computed data storage section 20
may store only the best go/no-go ratio and its associated
shape measured value and attribute property value while
always updating them.

[0292] FIG. 28 is a flowchart showing an exemplary
procedure of controlling the ultrasonic diagnostic apparatus
based on the go ratio a,. The go ratio a, may be calculated
just as described above. The go ratio a, calculated by the
20/no-go testing section 33 and the best go ratio a, ., during
the period that has been defined in advance by the operator
of the ultrasonic diagnostic apparatus are compared to each
other. And the presentation of the spatial distribution image
F, is controlled based on the result of the comparison.

[0293] First, the operator operates the ultrasonic diagnos-
tic apparatus to get the shape measured value or attribute
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property value (e.g., the elastic property) of a desired point
calculated by the distribution image generating section 34
(in Step S21). Next, the spatial distribution image F, of the
elastic property measured and the go ratio a, of the image F,
are figured out and presented on the display section 21 (in
Step S22). The go/no-go testing section 33 gets the image F,
and go ratio a, stored as currently best values F,_, and a.,
on the computed data storage section 20 (in Step S23).

[0294] In the next cardiac cycle, the distribution image
generating section 34 measures the elastic property (in Step
S24) and figures out a distribution image F, (in Step S25).
Subsequently, the respective parts of the image are judged
2o or no-go and a go ratio a, is calculated (in Step S26) and
then compared to the best go ratio a,_,, (in Step S27). If the
2o ratio a, is higher than the best go ratio a,., then the
image F, and go ratio a, are stored asupdated F, and a, _,
respectively, (in Step S28) and the spatial distribution image
F, is presented on the display section 21 (in Step S29) to
complete the operation of this cardiac cycle. Then, the
process goes back to Step S24 to carry out the processing
steps S24 through S29 all over again. On the other hand, if
the go ratio a, is lower than the best go ratio a,., then the
operation of this cardiac cycle is completed without pre-
senting the spatial distribution image F, and the process goes
back to Step S24.

[0295] If the operator wants to stop or finish the measure-
ments, then he or she may input a freeze signal to the
ultrasonic diagnostic apparatus. The freeze signal may be
input in any of the processing steps shown in FIG. 28. On
sensing that the freeze signal has been input, the ultrasonic
diagnostic apparatus stops all measurements. On the display
section 21, presented are the best go ratio a,.., and spatial
distribution image F,... Optionally, the control operation
may also be performed such that not all measurements are
stopped immediately but only the presented one is continued
even when the freeze signal is input.

[0296] FIG. 29 is a graph showing the go ratios a, that
were calculated by the ultrasonic diagnostic apparatus of this
preferred embodiment every cardiac cycle. As in FIG. 27,
the abscissa represents the number of times the spatial
distribution frames have been generated since the measure-
ments were started, i.e., the number of cardiac cycles since
the beginning of the measurements. The go ratio a, was low
for a while after the measurements were started because the
position or respiratory state of the person under test or the
operator holding the ultrasonic probe 13 was still not fixed.
But the go ratio a, increased gradually. In the cardiac cycles
indicated by the encircled numbers on the axis of abscissas
shown in FIG. 29, the best values F__, and a__, were
updated, and therefore, updated spatial distribution images
were presented. That is to say, right after the measurements
have been started, the go ratio a, goes on increasing one
cardiac cycle after another and the spatial distribution image
is updated every cardiac cycle. The measurements will get
settled soon and the go ratio a, will become substantially
constant. Then, the spatial distribution image is updated only
if the go ratio a, shows an even higher degree of reliability
of measurements.

[0297] As described above, according to this preferred
embodiment, right after the measurements have been started,
an updated spatial distribution image is presented frequently.
However, when the measurements get settled, the spatial
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distribution image showing the highest level of reliability is
maintained. That is why as the measurements get settled, the
image presented on the display section becomes easier to
view and the operator can selectively view only results of
measurements that surpass a certain level of reliability. As a
result, he or she can make an even more accurate diagnosis.

INDUSTRIAL APPLICABILITY

[0298] The ultrasonic diagnostic apparatus of the present
invention can be used effectively to evaluate the attribute
and shape properties of a vital tissue, and the elastic property
thereof, in particular. Among other things, the apparatus can
be used particularly effectively to detect or prevent the
disease of arterial sclerosis by measuring the elastic property
of a vascular wall.

1. An ultrasonic diagnostic apparatus comprising:

a transmitting section for driving an ultrasonic probe that
sends out an ultrasonic transmitted wave toward a
tissue of an organism;

a receiving section for receiving an ultrasonic reflected
wave through the ultrasonic probe to generate a
received signal, the ultrasonic reflected wave being
produced by getting the ultrasonic transmitted wave
reflected by the tissue of the organism;

a phase detecting section for detecting the phase of the
received signal to generate a phase detected signal;

a positional displacement calculating section for calculat-
ing the magnitudes of positional displacements at mul-
tiple measuring points, which have been set on the
tissue of the organism, based on the phase detected
signal,

a thickness variation calculating section for calculating
thicknesses or thickness variations based on the mag-
nitudes of positional displacements, each said thickness
or each said thickness variation being measured
between two arbitrary points, which have been set with
respect to the multiple measuring points; and

a maximum/minimum value calculating section for find-
ing the maximum and minimum thicknesses or the
maximum and minimum thickness variations during a
maximum value finding period and a minimum value
finding period, which are defined as respective partial
periods of one cardiac cycle of the organism,

wherein at least one of the greatest thickness difference,
strain and elastic property is calculated based on either
a difference between the maximum and minimum
thicknesses or a difference between the maximum and
minimum thickness variations.

2. The ultrasonic diagnostic apparatus of claim 1, further
comprising an attribute property value calculating section
that receives information about the maximum and minimum
thicknesses or the maximum and minimum thickness varia-
tions and information about a blood pressure value of the
organism and that figures out an elastic property based on
either the difference between the maximum and minimum
thicknesses or the difference between the maxinmum and
minimum thickness variations and on the blood pressure
value.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the maximum value finding period and the minimum value
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finding period are set during the one cardiac cycle of the
organism so as not to overlap with each other.

4. The ultrasonic diagnostic apparatus of claim 1, wherein
at least one of the maximum value finding period and the
minimum value finding period is set synchronously with a
biomedical signal generated by the organism.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
the biomedical signal is represented as an electrocardiogram
by an electrocardiograph.

6. The ultrasonic diagnostic apparatus of claim 5, wherein
at least one of the maximum value finding period and the
minimum value finding period is set based on at least one of
P, Q, R, S, T and U waves of the electrocardiogram.

7. The ultrasonic diagnostic apparatus of claim 4, wherein
the biomedical signal is represented as a phonocardiogram
by a phonocardiograph.

8. The ultrasonic diagnostic apparatus of claim 7, wherein
at least one of the maximum value finding period and the
minimum value finding period is set based on at least one of
1, 11, 1T and TV sounds of the phonocardiogram.

9. The ultrasonic diagnostic apparatus of claim 4, wherein
the biomedical signal is a sphygmogram.

10. The ultrasonic diagnostic apparatus of claim 9,
wherein at least one of the maximum value finding period
and the minimum value finding period is set based on at least
one of S, P, T, C and D waves of the sphygmogram.

11. The ultrasonic diagnostic apparatus of claim 1,
wherein at least one of the maximum value finding period
and the minimum value finding period is set based on a
positional displacement waveform that has been figured out
in advance by the positional displacement calculating sec-
tion.

12. The ultrasonic diagnostic apparatus of claim 1,
wherein the thickness variation calculating section figures
out in advance a thickness variation waveform, showing a
variation in the thickness of the body tissue, according to the
magnitude of positional displacement and wherein at least
one of the maximum value finding period and the minimum
value finding period is set based on the thickness variation
waveform.

13. The ultrasonic diagnostic apparatus of claim 1,
wherein the thickness variation calculating section figures
out in advance a vascular caliber variation waveform, show-
ing a variation in the vascular caliber of the body tissue,
according to the magnitude of positional displacement and
wherein at least one of the maximum value finding period
and the minimum value finding period is set based on the
vascular caliber variation waveform.

14. The ultrasonic diagnostic apparatus of claim 1,
wherein each of the maximum value finding period and the
minimum value finding period has a length corresponding to
1% to 25% of one cardiac cycle.

15. The ultrasonic diagnostic apparatus of claim 1, further
comprising an accuracy checking section for checking the
accuracy of at least one of the greatest thickness difference,
the strain and the elastic property based on a result of
comparison between the maximum and minimum thick-
nesses or between the maximum and minimum thickness
variations.

16. The ultrasonic diagnostic apparatus of claim 15,
wherein if the maximum value is equal to or smaller than the
minimum value, then the accuracy checking section judges
the accuracy of at least one of the greatest thickness differ-
ence, the strain and the elastic property to be low.
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17. The ultrasonic diagnostic apparatus of claim 1, further
comprising an accuracy checking section for checking the
accuracy of at least one of the greatest thickness difference,
the strain and the elastic property based on a relation
between a time when at least one of the maximum and
minimum thicknesses or the maximum and minimum thick-
ness variations is obtained and at least one of the associated
maximum and minimum value finding periods.

18. The ultrasonic diagnostic apparatus of claim 17,
wherein if the time when at least one of the maximum and
minimum thicknesses or the maximum and minimum thick-
ness variations is obtained coincides with a start time or end
time of its associated finding period, then the accuracy of at
least one of the greatest thickness difference, the strain and
the elastic property is judged low.

19. The ultrasonic diagnostic apparatus of claim 15,
wherein the maximum/mininum value calculating section
or the attribute property value calculating section sets at
least one of the greatest thickness difference, the strain and
the elastic property equal to a predetermined value accord-
ing to the accuracy.

20. The ultrasonic diagnostic apparatus of claim 15,
wherein the accuracy checking section generates informa-
tion showing the degree of the accuracy.

21. The ultrasonic diagnostic apparatus of claim 19,
further comprising a display section for presenting at least
one of the greatest thickness difference, the strain and the
elastic property.

22. The ultrasonic diagnostic apparatus of claim 20,
further comprising a display section for presenting at least
one of the greatest thickness difference, the strain and the
elastic property, which is displayed two-dimensionally
according to a position on the tissue of the organism in
accordance with the information showing the degree of the
accuracy.

23. The ultrasonic diagnostic apparatus of claim 20,
further comprising a display section for presenting at least
one of the greatest thickness difference, the strain and the
elastic property and the accuracy, represented by the infor-
mation showing the degree of the accuracy, as two-dimen-
sional images reflecting the position on the tissue of the
organism.

24. A method for getting an ultrasonic diagnostic appa-
ratus controlled by a control section of the ultrasonic diag-
nostic apparatus, the method comprising the steps of:

(A) sending out an ultrasonic transmitted wave and
receiving an ultrasonic reflected wave through the
ultrasonic probe to generate a received signal, the
ultrasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by a tissue of an
organism;

(B) detecting the phase of the received signal to generate
a phase detected signal;

(C) calculating the magnitudes of positional displace-
ments at multiple measuring points, which have been
set on the tissue of the organism, based on the phase
detected signal,

(D) calculating thicknesses or thickness variations based
on the magnitudes of positional displacements, each
said thickness or each said thickness variation being
measured between two arbitrary points that have been
set with respect to the multiple measuring points;
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(B) finding either the maximum and minimum thicknesses
or the maximum and minimum thickness variations
during a maximum value finding period and a mini-
mum value finding period, which are defined as respec-
tive partial periods of one cardiac cycle of the organ-
ism; and

(F) calculating at least one of the greatest thickness
difference, strain and elastic property based on either a
difference between the maximum and minimum thick-
nesses or a difference between the maximum and
minimum thickness variations.

25. The method of claim 24, wherein the step (F) includes
receiving information about the maximum and minimum
thicknesses or the maximum and minimum thickness varia-
tions and information about a blood pressure value of the
organism and figuring out an elastic property based on either
the difference between the maximum and minimum thick-
nesses or the difference between the maximum and mini-
mum thickness variations and on the blood pressure value.

26. The method of claim 24, wherein the step (E) includes
setting the maximum value finding period and the minimum
value finding period during the one cardiac cycle of the
organism such that the maximum and minimum value
finding periods do not overlap with each other.

27. The method of claim 24, wherein the step (E) includes
setting at least one of the maximum value finding period and
the minimum value finding period synchronously with a
biomedical signal generated by the organism.

28. The method of claim 27, wherein the biomedical
signal is represented as an electrocardiogram by an electro-
cardiograph.

29. The method of claim 24, further comprising the step
(G1) of checking the accuracy of at least one of the greatest
thickness difference, the strain and the elastic property based
on a result of comparison between the maximum and
minimum thicknesses or between the maximum and mini-
mum thickness variations.

30. The method of claim 29, wherein if the maximum
value is equal to or smaller than the minimum value, then the
step (G1) includes judging the accuracy of at least one of the
greatest thickness difference, the strain and the elastic prop-
erty to be low.
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31. The method of claim 24, further comprising the step
(G2) of checking the accuracy of at least one of the greatest
thickness difference, the strain and the elastic property based
on a relation between a time when at least one of the
maximum and minimum thicknesses or the maximum and
minimum thickness variations is obtained and at least one of
the associated maximum and minimum value finding peri-
ods.

32. The method of claim 31, wherein if the time when at
least one of the maximum and minimum thicknesses or the
maximum and minimum thickness variations is obtained
coincides with a start time or end time of its associated
finding period, then the step (G2) includes judging the
accuracy of at least one of the greatest thickness difference,
the strain and the elastic property to be low.

33. The method of claim 29, further comprising the step
(H) of setting at least one of the greatest thickness difference,
the strain and the elastic property equal to a predetermined
value according to the accuracy.

34. The method of claim 29, wherein the step (G2)
includes generating information showing the degree of the
accuracy.

35. The method of claim 33, further comprising the step
(I1) of presenting at least one of the greatest thickness
difference, the strain and the elastic property.

36. The method of claim 34, further comprising the step
(12) of presenting at least one of the greatest thickness
difference, the strain and the elastic property, which is
displayed two-dimensionally according to a position on the
tissue of the organism in accordance with the information
showing the degree of the accuracy.

37. The method of claim 34, further comprising the step
(I3) of presenting at least one of the greatest thickness
difference, the strain and the elastic property and the accu-
racy, represented by the information showing the degree of
the accuracy, as two-dimensional images reflecting the posi-
tion on the tissue of the organism.
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