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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for inspecting a subject’s internal tissue and
more particularly relates to an ultrasonic diagnostic apparatus
for estimating subject’s attribute property values.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is used to make a
noninvasive checkup on a subject by irradiating him or her
with an ultrasonic wave and analyzing the information con-
tained in its echo signal. For example, a conventional ultra-
sonic diagnostic apparatus that has been used extensively
converts the intensity of an echo signal into its associated
pixel luminance, thereby presenting the subject’s structure as
a tomographic image. In this manner, the internal structure of
the subject can be known.

[0003] Meanwhile, some people are attempting recently to
track the motion of a subject’s tissue more precisely and
evaluate the strain and the elasticity, viscosity or any other
physical (attribute) property of the tissue mainly by analyzing
the phase of the echo signal.

[0004] Patent Document No. 1 discloses a method for
tracking a subject’s tissue highly precisely by calculating the
magnitude of instantaneous displacement of a local region of
the subject based on the phase difference of anultrasonic echo
signal to be transmitted and received at regular intervals and
by summing the magnitudes of displacements together.
[0005] Patent Document No. 2 further develops the method
of Patent Document No. 1 into a method of calculating the
elasticity of a subject’s tissue (e.g., an arterial vascular wall,
in particular). According to this method, first, an ultrasonic
wave is transmitted from a probe 101 toward a vascular wall
111 as shown in FIG. 8(a). And the echo signals, reflected
from measuring points A and B on the vascular wall, are
analyzed by the method of Patent Document No. 1, thereby
tracking the motions of the measuring points A and B. FIG.
8(b) shows the tracking waveforms TA and TB showing the
locations of the measuring points A and B along with an
electrocardiographic complex ECG.

[0006] As shown in FIG. 8(b), the tracking waveforms TA
and TB have the same periodicity as the electrocardiographic
complex ECG, which shows that the artery dilates and shrinks
in sync with the cardiac cycle of the heart. More specifically,
when the electrocardiographic complex ECG has outstanding
peaks called “R waves”, the heart starts to shrink, thus pour-
ing blood flow into the artery. As a result, the vascular wall is
dilated rapidly. That is why soon after the R wave has
appeared on the electrocardiographic complex ECG, the
tracking waveforms TA and TB rise steeply and the artery
dilates rapidly. After that, however, as the heart dilates slowly,
the tracking waveforms TA and TB gradually fall to their
original levels and the artery shrinks gently. The artery
repeats such a motion cyclically.

[0007] The difference between the tracking waveforms TA
and TB is represented as a waveform W showing a variation
in thickness between the measuring points A and B. Suppos-
ing the variation of the thickness variation waveform is AW
and the reference thickness between the measuring points A
and B during initialization is Ws, the magnitude of strain E
between the measuring points A and B is calculated by:

e=AW/Ws
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[0008] The elasticity Er between the measuring points A
and B is given by:

Er=AP/e=AP-Ws/AW

where AP is the blood pressure difference at this time.
[0009] Therefore, by measuring the elasticity Er for mul-
tiple spots on atomographic image, an image representing the
distribution of elasticities can be obtained. If an atheroma 112
has been created in the vascular wall as shown in FIG. 8(a),
the atheroma 112 and its surrounding vascular wall tissue
have different elasticities. That is why if an image represent-
ing the distribution of elasticities is obtained, it can be deter-
mined whether an atheroma has been created or not or where
the atheroma is located.

[0010] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 10-5226

[0011] Patent Document No. 2: Japanese Patent Applica-
tion Laid-Open Publication No. 2000-229078

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0012] When inspecting a subject using such an ultrasonic
diagnostic apparatus, the operator gets an ultrasonic wave
transmitted and received by bringing the probe into contact
with the subject’s body. Thus, the probe may shift easily from
the observation spot due to the inconstant movement of the
operator’s hand or the subject’s body. A property value such
as the elasticity, in particular, is measured by sensing a very
small displacement of the subject’s internal tissue as
described above. That is why if the relative position of the
probe to the spot of observation on the subject has varied, a
proper property value could not be obtained anymore.
[0013] As far as a tomographic image is concerned, the
unwanted movement of the operator’s hand or the subject’s
body can be easily sensed because a clear image could not be
obtained in that case. As for the property value obtained as a
numerical value, however, it would be much more difficult to
determine whether the unusual property value has resulted
from the inconstant movement of the operator’s hand or the
subject’s body or some disease of the tissue under observa-
tion.

[0014] Inorderto overcome the problems described above,
the present invention has an ohject of providing an ultrasonic
diagnostic apparatus that can present the degree of stability of
a property value measured while a subject is being inspected.

Means for Solving the Problems

[0015] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting section, which
drives a probe that transmits an ultrasonic wave toward a
subject; a receiving section, which receives an ultrasonic
echo, produced by getting the ultrasonic wave reflected by the
subject, through the probe, thereby generating a received
signal; a property value calculating section for calculating
property values of the subject based on the received signal
over a period of time; a stability estimating section for
sequentially estimating the degrees of stability of the property
values that have been calculated over the period of time; and
a presenting section for presenting the degrees of stability
thereon.

[0016] In one preferred embodiment, the stability estimat-
ing section calculates either the variance or the standard
deviation of a plurality of property values that have been



US 2008/0103392 A1

calculated over the period of time at a predetermined spot of
interest, or in a predetermined region of interest, of the sub-
ject, and estimates the degree of stability based on the vari-
ance or the standard deviation.

[0017] In this particular preferred embodiment, the pre-
senting section is a display device, which presents an image
that has been generated so as to represent the degree of sta-
bility.

[0018] In a specific preferred embodiment, the stability
estimating section further generates rating images represent-
ing the degrees of stability and the presenting section presents
the rating images thereon.

[0019] Inamore specific preferred embodiment, the stabil-
ity estimating section further generates an image representing
the maximum value of the degrees of stability that have been
calculated sequentially and the presenting section presents
the image representing the maximum value.

[0020] In another preferred embodiment, the ultrasonic
diagnostic apparatus further includes: a tomographic image
processing section for generating a tomographic image of the
subject based on the received signal; a property value image
processing section for generating a property value image
representing the distribution of property values based on the
property values; and an image synthesizing section, which
receives biomedical information of the subject and synthe-
sizes the biomedical information, the tomographic image and
the property value image together, thereby generating data for
a synthetic image to be presented on the presenting section.
The image synthesizing section receives the degree of stabil-
ity from the stability estimating section and changes the
modes of presentation of at least one of the biomedical infor-
mation, the tomographic image and the property value image
according to the degree of stability.

[0021] In still another preferred embodiment, the image
synthesizing section synthesizes the tomographic image and
the property value image together such that corresponding
spots of interest agree with each other, and changes the
degrees of transparency of the tomographic image or the
property value image according to the degree of stability
when the two images are superposed one upon the other.
[0022] In yet another preferred embodiment, the biomedi-
cal informationis an electrocardiogram of the subject, and the
image synthesizing section changes the modes of presenta-
tion of the electrocardiogram according to the degree of sta-
bility.

[0023] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes an image memory sec-
tion for storing the data of the synthetic image generated by
the image synthesizing section in association with the degree
of stability. The image synthesizing section gets the synthetic
image data from the image memory section and outputs only
synthetic image data, of which the degree of stability exceeds
a predetermined threshold value, to the display section.
[0024] Inyetanother preferred embodiment, the presenting
section is an acoustic transducer and transforms an electrical
signal, which has been generated based on the degree of
stability, into a sound.

Effects of the Invention

[0025] According to the present invention, the degree of
stability of a property value, which has been obtained during
observation, can be known. That is why a highly reliable
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diagnosis can be made by using the ultrasonic diagnostic
apparatus of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a block diagram showing a configuration
for an ultrasonic diagnostic apparatus according to a first
preferred embodiment of the present invention.

[0027] FIG. 2 shows an example of an image presented on
the display section 111 of the ultrasonic diagnostic apparatus
shown in FIG. 1.

[0028] FIG. 3(a) illustrates an image representing a situa-
tion where the elasticity is completely stabilized, FIG. 3(b)
illustrates an image representing a situation where the elas-
ticity has a relatively high degree of stability, and FIG. 3(c)
illustrates an image representing a situation where the elas-
ticity has a relatively low degree of stability.

[0029] FIG. 4 is an exemplary rating image presenting the
degree of stability as a sort of bar graph.

[0030] FIG. 5isanother exemplary rating image presenting
the degree of stability on an instrument type image.

[0031] FIG. 6(a) illustrates an image representing a situa-
tion where the elasticity has a relatively high degree of sta-
bility, and FIG. 6(d) illustrates an image representing a situ-
ation where the elasticity has a relatively low degree of
stability.

[0032] FIGS. 7(a) and 7(b) show two examples of an elec-
trocardiogram that is presented according to the degree of
stability.

[0033] FIG. 8(a) illustrates how a conventional ultrasonic
diagnostic apparatus calculates the magnitude of strain based
on tracking waveforms of measuring points, which are shown
in FIG. 8(b).

DESCRIPTION OF REFERENCE NUMERALS

[0034] 100 ultrasonic diagnostic apparatus

[0035] 101 probe

[0036] 102 transmitting section

[0037] 103 receiving section

[0038] 104 tomographic image processing section
[0039] 105 property value calculating section
[0040] 106 property value image processing section
[0041] 107 stability estimating section

[0042] 108 storage section

[0043] 109 image synthesizing section

[0044] 110 image memory

[0045] 110 display section

[0046] 112 loudspeaker

[0047] 113 control section

[0048] 200 blood pressure measuring section
[0049] 300 cardiac measuring section

BEST MODE FOR CARRYING OUT THE
INVENTION

[0050] Hereinafter, preferred embodiments of an ultrasonic
diagnostic apparatus according to the present invention will
be described in detail with reference to the accompanying
drawings. In the following specific example, the operator
measures the elasticity of a subject’s region of interest by
bringing a probe into contact with the surface of that region.
However, the elasticity is just one of various property values.
And the magnitude of strain, viscosity or any other value
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representing an attribute property of the subject’s tissue in
question may be measured using this ultrasonic diagnostic
apparatus.

Embodiment 1

[0051] FIG. 1 is a block diagram showing a configuration
for an ultrasonic diagnostic apparatus according to a first
preferred embodiment of the present invention. As Shown in
FIG. 1, the ultrasonic diagnostic apparatus 100 includes a
probe 101, a transmitting section 102, a receiving section 103,
atomographic image processing section 104, a property value
calculating section 105, a property value image processing
section 106, a stability estimating section 107, a storage sec-
tion 108, an image synthesizing section 109, an image
memory 110, a display section 111 and a loudspeaker 112. A
blood pressure measuring section 200 and a cardiac measur-
ing section 300 are also connected to the ultrasonic diagnostic
apparatus 100. In this preferred embodiment, the ultrasonic
diagnostic apparatus 100 is supposed to include the probe
101. However, the ultrasonic diagnostic apparatus 100 may
also be designed so as to have no probe 101 but be connect-
able to any probe currently available.

[0052] The ultrasonic diagnostic apparatus 100 further
includes a control section 113 for controlling all of these
components. The control section 113 may be implemented as
a microcomputer, for example, and includes an input inter-
face (not shown) for an input device such as a mouse, a
keyboard, a push button, or a dial. By operating any of these
input devices, the operator can enter his or her instruction or
information on how the ultrasonic diagnostic apparatus 100
should operate. For example, by tapping a key (such as a
freeze key), the operator can switch the modes of operation
between a live mode and a cine mode. As used herein, the
“live mode” refers to a mode of operation in which while
measuring is done with ultrasonic waves, the results of the
measurements are shown on the display section 111 in real
time. On the other hand, the “cine mode” refers to a mode of
operation in which measurement data that was collected in the
past and has been stored in the image memory 110 is read out
from the memory 110 and presented on the display section
111. Also, as will be described in detail later, the operator may
also decide, by operating the input device, whether the degree
of stability of the property value should be presented audibly
orvisually. Optionally, he or she may even select both ofthese
two types of presentations.

[0053] Inaccordance with the instruction given by the con-
trol section 113, the transmitting section 102 generates a drive
pulse signal that drives the probe 101. The probe 101 converts
the drive pulse signal that has been generated by the trans-
mitting section 102 into an ultrasonic pulse and sends out the
ultrasonic pulse toward a subject. The drive pulse signals are
generated continuously at regular time intervals.

[0054] The ultrasonic echo, produced by getting the ultra-
sonic pulse reflected by an internal organ of the subject, is
converted by the probe 101 into an electrical signal. The
receiving section 103 receives the ultrasonic echo at the probe
101 and amplifies the converted electrical signal, thereby
generating a received signal.

[0055] The probe 101 consists of multiple piezoelectric
transducers (not shown). The time delays of the drive pulse
signals, generated by the transmitting section 102 and to be
applied to the piezoelectric transducers, and the received
signals, received at those piezoelectric transducers and then
generated by the receiving section 103, are controlled by a

May 1, 2008

time delay control section (not shown). In this manner, the
acoustic line direction and depth of focus of each ultrasonic
pulse transmitted from the probe 101 are adjusted. Option-
ally, only a received signal representing an echo that has been
reflected from a particular direction or position can be
detected.

[0056] The tomographic image processing section 104
includes a band-pass filter, alogarithmic amplifier, a detector,
and other components, and generates tomographic image
data, representing the internal structure of the subject, based
on the received signal supplied from the receiving section
103. The tomographic image data, generated by the tomo-
graphic image processing section 104, is output to the image
synthesizing section 109. Responsive to every new received
signal, the tomographic image processing section 104 gener-
ates the image data.

[0057] The property value calculating section 105 calcu-
lates, based on the received signal, the magnitudes of strain
caused in respective portions of the subject’s tissue due to a
variation in blood pressure by the strain factor calculating
method to be described later. Also, based on the magnitude of
strain and the blood pressure value obtained by the blood
pressure measuring section 200, the property value calculat-
ing section 105 calculates the elasticity of the subject’s tissue
by the elasticity calculating method to be described later, too.
The magnitude of strain and elasticity are calculated over a
period of time every cardiac cycle of the subject. For that
purpose, the property value calculating section 105 receives
the subject’s biomedical information (e.g., information about
his or her cardiac cycle among other things) from the cardiac
measuring section 300, including an electrocardiographand a
phonocardiograph, and uses it as a trigger for calculating the
magnitude of strain and elasticity. The elasticity calculated by
the property value calculating section 105 1s output to the
property value image processing section 106, the stability
estimating section 107 and the storage section 108. The stor-
age section 108 may be implemented as a memory, for
example.

[0058] Based on the elasticities calculated by the property
value calculating section 105, the property value image pro-
cessing section 106 generates a two-dimensional distribution
of elasticities on the same profile as the tomographic image
data. Then, the property value image processing section 106
outputs the distribution as elasticity image data to the image
synthesizing section 109. Since the elasticity is calculated
every cardiac cycle, the two-dimensional elasticity distribu-
tion is also calculated every cardiac cycle.

[0059] The stability estimating section 107 gets the elastic-
ity values, which have been calculated by the property value
calculating section 105 over a period of time, and estimates
the degree of stability of the elasticities. Specifically, the
stability estimating section 107 figures out the degree of
stability of the elasticities based on the variance or standard
deviation of the elasticities that were calculated a number of
times in the same spot or region of interest and that have been
storedin the storage section 108. The elasticities, of which the
degree of stability should be estimated, may or may not be
continuous with each other on the time axis. In this preferred
embodiment, the stability estimating section 107 further gen-
erates, based on the degree of stability estimated, audio or
visual diagnostic data showing the degree of stability.
[0060] The image synthesizing section 109 gets the tomo-
graphic image data from the tomographic image processing
section 104, the elasticity image data from the property value
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image processing section 106, and the biomedical informa-
tion, such as an electrocardiogram and a phonocardiogram,
from the cardiac measuring section 300, respectively, and
synthesizes all of these data together, thereby generating
image output data. In this case, the image synthesizing sec-
tion 109 is also notified of the degree of stability of elasticities
by the stability estimating section 107 and changes at least
one of the tomographic image, the elasticity image and the
biomedical information according to the degree of stability
provided. If the stability estimating section 107 generates the
rating image data showing the degree of stability, not just the
tomographic image data, the elasticity image data, and the
biomedical information but also that rating image data show-
ing the degree of stability are synthesized together.

[0061] Theimage memory 110 stores the image outputdata
generated as synthetic data by the image synthesizing section
109. In this case, the image output data may be stored in
association with the degrees of stability. The image output
data stored may be used in a cine mode, for example, so as to
be presented and shown continuously on the display section
111.

[0062] Thedisplay section 111 may be a monitor to present
the image output data supplied from the image synthesizing
section 109. The display section 111 may also present an
arbitrary frame or a number of consecutive image output data
that have been read by the image synthesizing section 109
from the image memory 110. On the synthetic image pre-
sented on the display section 111, at least one of the tomo-
graphic image, the elasticity image and the biomedical infor-
mation changes according to the degree of stability. Or the
rating image showing the degree of stability may be included
in the synthetic image presented on the display section 111.
That is why the display section 111 may be regarded as
presenting the degree of stability that has been estimated by
the stability estimating section 107.

[0063] If the stability estimating section 107 generates
audio diagnostic data showing the degree of stability, then the
loudspeaker 112, which is an acoustic transducer, may trans-
duce the audio data into a sound representing the degree of
stability. The loudspeaker may be replaced with any other
acoustic transducer such as a piezoelectric buzzer.

[0064] Hereinafter, it will be described how this ultrasonic
diagnostic apparatus 100 operates. While the ultrasonic diag-
nostic apparatus 100 is operating, the blood pressure measur-
ing section 200 senses a variation in subject’s blood pressure
and the cardiac measuring section 300 takes an electrocardio-
gram (or a phonocardiogram) of the subject.

[0065] First, the operator decides, by handling an input
device, whether he or she’d like to have the degree of stability
of elasticities presented audibly or visually. Optionally, the
degree of stability may be presented both audibly and visu-
ally. Next, various measuring conditions, including the dura-
tion of ultrasonic pulses, are entered into the ultrasonic diag-
nostic apparatus 100 through the input device and the probe
101 is brought into contact with the subject.

[0066] In accordance with the instruction entered by the
user, the control section 113 instructs the transmitting section
102 to generate a drive pulse signal. In response, the probe
101 transforms the drive pulse signal into an ultrasonic pulse
and radiates the pulse toward the subject. The ultrasonic pulse
is reflected by the internal tissue of the subject to produce an
ultrasonic echo, which soon reaches the probe 101. Then, the
probe 101 transforms the received ultrasonic echo into an
electrical signal and passes the signal to the receiving section
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103, which amplifies the electrical signal received from the
probe 101, thereby generating a received signal. The received
signal is then output to the tomographic image processing
section 104 and the property value calculating section 105.
[0067] The tomographic image processing section 104
generates image data, representing a tomographic image of
the subject’s internal tissue, by mapping the amplitude of the
received signal to a luminance, for example.
[0068] The property value calculating section 105 calcu-
lates the elasticity based on the received signal. More specifi-
cally, as disclosed in Patent Documents Nos. 1 and 2, for
example, under the restriction that two signals received at a
very short interval have the same amplitude but varied phases
and reflected points, the phase difference is calculated by a
minimum square method so as to minimize the magnitude of
matching error between the waveforms of the two received
signals. The motion velocity of the measuring point that has
been set on the subject is figured out based on this phase
difference and then those differences are integrated together,
thereby plotting a waveform representing the displacements
of the measuring point. The difference between the wave-
forms representing the displacements of two measuring
points is a waveform representing the variation in the thick-
ness of the tissue interposed between the two measuring
points. Since the measuring points are set two-dimensionally
on the tomographic image, the tissue, of which the thickness
variation should be figured out, is also arranged two-dimen-
sionally. Using the initial value, maximum thickness and
minimum thickness of the thickness variation waveform, the
property value calculating section 105 calculates the magni-
tude of strain caused in the subject’s tissue due to a variation
in blood pressure by the following Equation (1):

Magnitude of strain=((maximum thickness)— (mini-

mum thickness))/(initial thickness) (1)
[0069] Furthermore, using the magnitude of strain calcu-
lated by Equation (1) and the variation in blood pressure
measured by the blood pressure measuring section 200, the
property value calculating section 105 figures out the elastic-
ity of the subject’s tissue by the following Equation (2):

Elasticity=((maximum blood pressure) —(minimum
blood pressure))/(magnitude of strain) 2)

[0070] For example, suppose the maximum blood pressure
is 120 mmHg, the minimum blood pressure is 80 mmHg (i.e.,
the pulse pressure is 40 mmHg), the maximum and minimum
thicknesses at an arbitrary spot on the blood vessel wall are 80
um and 70 um, respectively, and the thickness of the blood
vessel wall has an initial value of 80 pm. In that case, the
magnitude of strain of the subject’s tissue is 0.125 (=(80-70)/
80) and the elasticity is 320 (=(120-80)/0.125).

[0071] The magnitude of'strain and elasticity are calculated
and updated every cardiac cycle. The property value calcu-
lating section 105 outputs the elasticity thus obtained to the
stability estimating section 107, the property value image
processing section 106 and the storage section 108.

[0072] The stability estimating section 107 sequentially
obtains the degrees of stability of elasticities as variances of
elasticities that have been calculated sequentially at a prede-
termined spot of interest or region of interest. The latest
elasticity may be received directly from the property value
calculating section 105, while the other earlier elasticities are
stored in the storage section 108. Thus, the stability estimat-
ing section 107 gets the elasticity data from the storage sec-
tion 108.
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[0073] Hereinafter, a method for estimating the degree of
stability of elasticity will be described for a typical situation
where the elasticity at an arbitrary spot is measured five times
in total (i.e., through the first through fifth measurements).
The following Table 1 shows exemplary elasticities that were
measured at the arbitrary spot:

TABLE 1
Squared
Elasticity Difference from average difference
I 320 3 9
ond 300 -17 289
3ud 320 3 9
4n 330 13 169
st 315 -2 4

[0074] First, the stability estimating section 107 works out
the average of the five elasticities shown in Table 1. Since the
sum of the five elasticities is 1,585, the average of the elas-
ticities is 317. Next, the stability estimating section 107 cal-
culates the difference between each elasticity and the average
elasticity (see the “difference from average” shown in Table
1), and then calculates the square of the difference between
each elasticity and the average elasticity (see the “squared
difference” in FIG. 2). Then, the average of the squared dif-
ferences between the elasticities and the average elasticity is
worked out, which is the variance to calculate (that is 96 in
this example).

[0075] Then, the stability estimating section 107 compares
the variance to the threshold value of the degrees of stability
of elasticities. Suppose the degrees of stability of elasticities
have a threshold value of 100, for example. In that case, since
the variance calculated by the stability estimating section 107
is 96, which is less than 100, the degree of stability of elas-
ticity at the arbitrary spot is estimated to be high.

[0076] Optionally, two or more threshold values may be set.
Then, the degree of stability would be rated according to the
threshold values set. Alternatively, either the variance value
or a value obtained by multiplying its inverse number by an
appropriate constant may be used as the degree of stability
without setting any threshold value.

[0077] New elasticity is calculated by the property value
calculating section 105 every cardiac cycle. That is why the
stability estimating section 107 figures out the variance by
making those calculations on the five latest elasticities. If the
inconstant movement of the operator’s hand or the subject’s
body is significant, then the elasticity will make a big differ-
ence and the resultant variance will also increase. Ifthe move-
ment of the hand or the body decreases, however, the elastic-
ity will hardly change and the variance will decrease. That is
to say, the degree of stability rises.

[0078] In the example described above, the degree of sta-
bility is supposed to be calculated based on the elasticities that
have been obtained at an arbitrary spot. However, the degree
of stability of elasticity does not have to be calculated at one
arbitrary spot. Alternatively, the degree of stability of elas-
ticities may also be calculated on a region, including a plu-
rality of arbitrary spots, as described above. In that case, the
stability estimating section 107 calculates the variances of
elasticities that have been sequentially obtained at multiple
spots included in the region of interest and works out the
average of those variances as the degree of stability. Alterna-
tively, the stability estimating section 107 may also work out

May 1, 2008

the degree of stability as the variance of average elasticities
that have been calculated at multiple spots in a region of
interest.

[0079] Furthermore, the preset threshold value of the
degree of stability of elasticities is not limited to the value
described above, either. The threshold value of the degree of
stability just needs to be determined by either the magnitudes
of the elasticities or the number of elasticity values that were
calculated in the past and are stored in the storage section 108.
[0080] If the operator has selected, by handling the input
device, a mode in which the degree of stability of elasticity is
presented audibly (i.e., as a sound), then the stability estimat-
ing section 107 generates audio data representing the degree
of stability. For example, if the degree of stability is low, audio
data with a high frequency may be generated. On the other
hand, if the degree of stability is high, audio data with a low
frequency may be generated. However, this is just an example
and the audio data only needs to vary according to the degree
of stability. For instance, data representing a clear sound may
be generated if the degree of stability is high and data repre-
senting an unclear sound may be generated if the degree of
stability is low. Alternatively, data representing a consonance
may be generated if the degree of stability is high and data
representing a dissonance may be generated if the degree of
stability is low. Still alternatively, a prerecorded human voice
may also be used. In any case, the audio data generated is
supplied to the loudspeaker 112, which converts the data into
a sound.

[0081] On the other hand, if the operator has selected a
mode in which the degree of stability of elasticity is presented
visually, then the stability estimating section 107 generates
image data representing the degree of stability. Such image
data will be described in detail later.

[0082] The property value image processing section 106
receives the elasticities that have been calculated by the prop-
erty value calculating section 105 and plots the distribution of
elasticities to be superimposed on a tomographic image,
which will be generated by the tomographic image process-
ing section 104 to represent the subject’s tissue. The distri-
bution of elasticities thus obtained is supplied as elasticity
image data to the image synthesizing section 109,

[0083] The storage section 108 receives the elasticity val-
ues that have been calculated by the property value calculat-
ing section 105. Specifically, the elasticities in the entire
range of the elasticity distribution to be plotted by the prop-
erty value image processing section 106 are received by, and
immediately stored in, the storage section 108. It should be
noted that the elasticities do not have to be stored in the
storage section 108 only at this timing. Optionally, every time
an elasticity value is calculated by the property value calcu-
lating section 105, the value may be stored in the storage
section 108.

[0084] The image synthesizing section 109 superposes the
tomographic image data supplied from the tomographic
image processing section 104 and the elasticity image data
supplied from the property value image processing section
106 one upon the other such that their spots of interest agree
with each other, thereby synthesizing the tomographic image
data and the elasticity image data together. In addition, the
image synthesizing section 109 further gets the electrocardio-
gram (or phonocardiogram) from the cardiac measuring sec-
tion 300 and synthesizes it with the two types of data, too.
[0085] If the operator has selected the mode in which the
degree of stability of elasticity is presented visually, the



US 2008/0103392 A1

image synthesizing section 109 also synthesizes diagnostic
data, showing the degree of stability, with the other types of
data. In any case, the resultant synthetic image data is output
to the display section 111 and is stored in the image memory
110, too.

[0086] FIG. 2 illustrates an exemplary mode of display on
the display section 111 of the ultrasonic diagnostic apparatus
100. In FIG. 2, a tomographic image of the blood vessel is
presented in B mode as an example.

[0087] As shown in FIG. 2, the image presented on the
display section 111 includes a tomographic image 1114, an
elasticity image 1115, a reflection intensity scale 111¢, an
elasticity scale 1114, a biomedical information (e.g., electro-
cardiogram or phonocardiogram) display area 111e and a
degree of stability display area 111f

[0088] The tomographic image 111a represents a blood
vessel. The reflection intensity scale 111c¢ represents the
intensity of the reflected echo, which has been received at the
receiving section 103, at multiple reflection intensity levels
with a number of different colors or luminances. Likewise,
each part of the tomographic image 111a is also shown in the
color or luminance of its associated intensity of the reflected
echo that has been received at the receiving section 103.
[0089] The elasticity image 1115 shows the elasticity dis-
tribution on the blood vessel wall and is superposed on the
tomographic image 111a. The elasticity scale 1114 shows
multiple elasticity levels in a number of different colors. The
blood vessel wall portions bl through b4 of the elasticity
image 1115 are shown in respective colors representing their
elasticity values that have been calculated by the property
value calculating section 105. Specifically, in this example,
the blood vessel portions bl and b3 are at elasticity level dl,
which shows that their tissue is relatively hard, while the
blood vessel portions b2 and b4 are at elasticity levels d2 and
d3, respectively, which shows their tissue is relatively soft.
[0090] Itshould be noted that if the elasticity image 1115 is
shown in multiple colors on the display section 111, then the
tomographic image 111a is preferably presented as a mono-
chrome image (i.e., in gray scales) to clarify what data is
emphasized.

[0091] In the electrocardiogram or phonocardiogram dis-
play area 111e, the electrocardiogram or phonocardiogram,
supplied from the cardiac measuring section 300, is pre-
sented. And in the degree of stability display area 111f, pre-
sented is a rating image that has been generated by the stabil-
ity estimating section 107 to show the degree of stability.
[0092] Hereinafter, specific exemplary images, represent-
ing the degrees of stability of elasticity in the degree of
stability display area 1117, will be described. The degree of
stability may always be presented in one of the following four
modes of presentation. Alternatively, the degree of stability
may also be presented selectively in any of those four modes
at the operator’s instruction that has been entered with the
input device.

First Mode of Presentation

[0093] In this exemplary mode of presentation, the degree
of stability of elasticity is presented using a pendulum type
image as shown in FIG. 3. Specifically, FIG. 3(a) illustrates
how the pendulum image may look in a situation where the
elasticity is completely stabilized. FIG. 3(5) illustrates how
the pendulum may look in a situation where the degree of
stability of elasticity is relatively high. And FIG. 3(c) illus-
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trates how the pendulum may look in a situation where the
degree of stability of elasticity is relatively low.

[0094] As shown in FIGS. 3(a) through 3(c), the amplitude
of swing of the pendulum image represents the degree of
stability of elasticity. That is to say, the smaller the amplitude
of swing of the pendulum, the higher the degree of stability of
elasticity. In other words, the greater the amplitude of swing
ofthe pendulum, the lower the degree of stability of elasticity.
The stability estimating section 107 may set two threshold
values and compare the variance calculated to the two thresh-
old values, thereby generating one of three types of image
data shown in FIGS. 3(a) through 3(c¢) according to the degree
of stability. Alternatively, image data representing a pendu-
lum that increases its amplitude of swing either continuously
or stepwise according to the variance value calculated may
also be generated without setting any threshold value.

Second Mode of Presentation

[0095] In this exemplary mode of presentation, the degree
of stability of elasticity is presented using a bar graph type
image as shown in FIG. 4, which illustrates an exemplary bar
graph type rating image.

[0096] As shown in FIG. 4, the bar graph type rating image
51 presents the degree of stability that has been calculated by
the stability estimating section 107. Specifically, the taller the
bar graph type rating image 51, the higher the degree of
stability of elasticity. In other words, the shorter the bar graph
type rating image 51, the lower the degree of stability of
elasticity. In any case, the height of the rating image 51 is
determined by the variance value that has been calculated by
the stability estimating section 107.

[0097] The line 52 indicates the highest degree of stability
of elasticity that has ever been calculated. The image synthe-
sizing section 109 includes a memory (not shown), which
stores that highest degree of stability (maximum degree of
stability). By reference to the actual value of the maximum
degree of stability, the image synthesizing section 109 deter-
mines the presentation location of the line 52 with respect to
the bar graph type rating image 51.

[0098] The degree of stability of elasticity that has been
calculated by the stability estimating section 107 is compared
to the maximum degree of stability stored in the memory. And
the greater one of these two values is newly stored in the
memory. The memory may be cleared either intentionally by
the operator or automatically in a predetermined amount of
time.

Third Mode of Presentation

[0099] In this exemplary mode of presentation, the degree
of stability of elasticity is presented using an instrument type
image as shown in FIG. 5, which illustrates an exemplary
instrument type rating image.

[0100] As shown in FIG. 5, the instrument type rating
image includes pointers 65 and 6c, which turn around the
center 6a within a predetermined range. The pointer 6b pre-
sents the degree of stability of elasticity. Specifically, the
farther the pointer 65 turns clockwise, the higher the degree of
stability ofelasticity. On the other hand, the farther the pointer
6b goes counterclockwise, the lower the degree of stability of
elasticity. In any case, the position of the pointer 64 is deter-
mined according to the degree of stability.

[0101] Meanwhile, the other pointer 6¢ indicates the high-
est degree of stability that has ever been calculated. The
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methods of calculating and clearing the maximum degree of
stability may be just as already described for the second mode
of presentation.

[0102] As described above, in the second and third modes
of presentation, a rating image presenting the degree of sta-
bility and another image presenting the maximum degree of
stability are both displayed, and therefore, the elasticity can
be measured with a target set on the maximum degree of
stability. For example, by reference to the maximum degree
of stability of elasticity that was obtained in the past by an
experienced elasticity monitoring person, even an operator
who does not have rich experience in monitoring elasticity
can measure the elasticity with a target set on that maximum
value. Thus, these types of images can be used effectively in
educating trainees to monitor the elasticity properly.

Fourth Mode of Presentation

[0103] In this exemplary mode of presentation, the degree
of stability of elasticity is presented using a round face like
image as shown in FIG. 6. Specifically, FIG. 6(a) illustrates
how the face like image looks in a situation where the degree
of stability of elasticity is relatively high. On the other hand,
FIG. 6(d) illustrates how the face looks in a situation where
the degree of stability of elasticity is relatively low.

[0104] A reference degree of stability has been defined in
advance for the stability estimating section 107. The refer-
ence value may be entered by the operator using the input
device described above.

[0105] The stability estimating section 107 compares the
degree of stability measured to the reference value. If the
degree of stability measured is smaller than the reference
value, the stability estimating section 107 may output the data
of the image shown in FIG. 6(b) to the image synthesizing
section 109. On the other hand, if the degree of stability
measured is equal to or greater than the reference value, then
the stability estimating section 107 may output the data of the
image shown in FIG. 6(a) to the image synthesizing section
109. In the degree of stability display area 111f of the display
section 111, one of the two images shown in FIGS. 6(a) and
6(b) 1s presented.

[0106] In this fourth mode of presentation, it can be seen
easily whether the degree of stability measured by the stabil-
ity estimating section 107 exceeds the preset reference value
or not. That is why once an experienced elasticity monitoring
person has set a reference degree of stability, even an operator
who does not have rich experience in measuring elasticity can
also see easily if he or she is measuring elasticity with good
stability during the measurements.

[0107] In the exemplary modes of presentation described
above, the degree of stability is presented on the degree of
stability display area 111fas shown in any of FIGS. 3 through
6. However, the modes of presentation are not limited to these
examples. For example, one of multiple types of images with
different colors may be presented according to the degree of
stability. Alternatively, one of a number of images in different
shapes may be presented according to the degree of stability.
For example, a numerical value representing the degree of
stability may be presented on the degree of stability display
area 111f

[0108] According to this preferred embodiment, the stabil-
ity estimating section estimates the degree of stability based
on the elasticity value and presents an image, or outputs a
sound, showing the degree of stability. That is why by sensing
a change of sounds emitted from the loudspeaker, for
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example, the operator can see if he or she is monitoring the
subject with stability. In addition, if the degree of stability is
presented as a sound, the operator can fix his or her eyes on the
image on the monitor. Meanwhile, if a rating image showing
the degree of stability is presented on the display section, then
the operator can easily see if he or she is monitoring the
subject with stability by checking the elasticity distribution or
tomographic image on the display section.

Embodiment 2

[0109] Hereinafter, a second preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described. The ultrasonic diagnostic appa-
ratus of this preferred embodiment does not present the
degree of stability of elasticity on the degree of stability
display area 111/’ but changes the modes of presentation ofthe
tomographic image, elasticity image or electrocardiogram on
the display section 111 according to the degree of stability.
[0110] Forthat purpose, the image synthesizing section 109
is notified of the degree of stability by the stability estimating
section 107 as shown in FIG. 1 and changes the modes of
presentation of the layered image, elasticity image or electro-
cardiogram, included in the image data, according to the
degree of stability. Hereinafter, exemplary images presented
on the display section 111 will be described.

First Mode of Presentation

[0111] In this exemplary mode of presentation, the degree
of stability of elasticity is presented by using the electrocar-
diogram shown on the biomedical information display area
111e ofthe display section 111 (see F1G. 3). Hereinafter, such
an example will be described with reference to FIGS. 7(a) and
7(b).

[0112] FIG. 7(a) shows a subject’s electrocardiogram
being presented on the biomedical information display area
111e of the display section 111. The portion of the electro-
cardiogram shown in FIG. 7(a) covers three cardiac cycles b1,
b2 and b3. The cardiac cycle b3 shown in the interval 83 is the
newest waveform corresponding to one cardiac cycle. That is
to say, the electrocardiogram advances from left to right.
[0113] Thewaveform corresponding to onecardiac cyclein
the interval 82 is indicated by a dashed curve in FIG. 7(a) but
the waveforms in the other intervals are indicated by solid
curves. In this case, the solid curves show that the degree of
stability of elasticity is relatively high, while the dashed
curves show that the degree of stability of elasticity is rela-
tively low.

[0114] In the memory of the image synthesizing section
109, a reference degree of stability may be defined in
advance. The reference value may be entered by the operator
with the input device described above, for example. The
image synthesizing section 109 compares the degree of sta-
bility supplied from the stability estimating section 107 to the
reference value. If the degree of stability is less than the
reference value, the image synthesizing section 109 changes
the modes of presentation of the electrocardiogram at that
point in time into a dashed curve. Since the elasticity and
degree of stability are calculated every cardiac cycle, that
portion in the dashed curve also corresponds to one cardiac
cycle. On the other hand, if the degree of stability is equal to
or greater than the reference value, the image synthesizing
section 109 changes the modes of presentation of the electro-
cardiogram at that point in time into a solid curve. As a result,
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an electrocardiogram including the dashed and solid curves is
presented on the biomedical information display area 111e of
the display section 111.

[0115] Instead of using the dashed and solid curves, the
degree of stability may also be presented by the thickness of
the curve as shown in FIG. 7(b). Alternatively, the degree of
stability of elasticity may also be presented by changing the
luminances or color phases of the curve, too.

[0116] Optionally, by handling the input device, the opera-
tor may set a region of interest (ROI) on the tomographic
image 111a. And the degree of stability of elasticity may also
be presented by making the image synthesizing section 109
change methods of drawing in terms of the shape, color,
luminance or the appearance (i.e., whether it is a dashed curve
or a solid curve) of the ROI according to the degree of stabil-

1ty.
Second Mode of Presentation

[0117] In this exemplary mode of presentation, the degree
of stability of elasticity is presented by using the elasticity
distribution shown as the elasticity image 1115 on the display
section 111. Such an example will be described with refer-
ence to FIG. 2.

[0118] As shown in FIG. 2, the elasticity image 1115 is
superimposed on the tomographic image 1114 on the display
section 111. The degree of stability is presented by the shad-
ing of the entire elasticity image 1115.

[0119] Hereinafter, a method for changing the luminances
of respective pixels of the elasticity image using the lumi-
nance IB of the tomographic image, the luminance IE of the
elasticity image and a variable k (where 0=k=1) that varies
proportionally to the degree of stability of elasticity will be
described.

[0120] The image synthesizing section 109 changes the
luminances of respective pixels of the elasticity image with
the degree of stability that has been calculated by the stability
estimating section 107. For example, using the luminance 1B
of the tomographic image, the luminance IE of the elasticity
image, and a variable k that varies proportionally to the
degree of stability of elasticity, the image synthesizing sec-
tion 109 calculates the luminance 10 of the synthetic elastic-
ity image 1115 by the following Equation (3):

I0=k-IE+(1—kyIB 3)

[0121] The image synthesizing section 109 outputs the
luminance IO, calculated by Equation (3), as luminance of the
respective pixels of the elasticity image 1115 to the display
section 111. As a result, if the degree of stability of elasticity
is low (e.g., if k=0), then the elasticity image 1115 is pre-
sented more thinly than the tomographic image 111¢. On the
other hand, if the degree of stability of elasticity is high (e.g.,
if k=1), then the elasticity image 1115 is presented more
thickly than the tomographic image 111a. That is to say, the
degree of transparency of the elasticity image 1115 changes
with the degree of stability.

[0122] Consequently, if the degree of stability is low, the
elasticity image 1115 has such a high degree of transparency
that the tomographic image 111a under the elasticity image
1115 canbe seen clearly through the image 1115. On the other
hand, if the degree of stability is high, the elasticity image
1115 has such a low degree of transparency (i.e., high degree
of opacity) that the tomographic image 111a under the elas-
ticity image 1115 is almost invisible.
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[0123] It should be noted that the luminance 10 of the
synthetic image does not have to be calculated by Equation
(3). Optionally, only the luminance of the elasticity image
1115 may be changed with the degree of stability of elasticity
without changing the luminance of the tomographic image
111a.

[0124] As described above, the ultrasonic diagnostic appa-
ratus of this preferred embodiment can present the degree of
stability of elasticity by the biomedical information display
area or the elasticity image itself without newly creating a
degree of stability display area on the display section. That is
why there is no need to increase the number of items to
present on the display section. In addition, according to the
second mode of presentation, the operator can fix his or her
eyes only on the elasticity image 1115.

Embodiment 3

[0125] Hereinafter, a third preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described. In this preferred embodiment, the
operator may select a cine mode as the mode of operation of
the ultrasonic diagnostic apparatus using the input device. In
the cine mode, the apparatus operates just as already
described for the first preferred embodiment except that the
image data stored in the image memory 110 is continuously
output to and presented on the display section 111. Thus, the
description ofthe configuration and the operation of the appa-
ratus will be omitted herein.

[0126] In the memory of the image synthesizing section
109, a reference degree of stability may be defined in
advance. The reference value may be entered by the operator
with the input device, for example. The image synthesizing
section 109 receives image output data from the image
memory 110 in which the image output data such as the
tomographic image and elasticity image is stored. The image
output data stored in the image memory 110 is associated with
the degree of stability of elasticity that has been calculated by
the stability estimating section 107. The image synthesizing
section 109 compares the degree of stability of elasticity,
associated with the image output data that is stored in the
image memory 110, to the reference value. And the image
synthesizing section 109 outputs only the image output data,
having a higher degree of stability than the reference value, to
the display section 111.

[0127] By performing such an operation, only image output
data with a relatively high degree of stability is selectively
presented on the display section 111 among various image
output data stored in the image memory 110. That is why the
elasticities represented by the images displayed have such
small variations that the person monitoring the subject can
easily inspect him or her by looking at the tomographic image
or elasticity image on the monitor.

[0128] According to this preferred embodiment, by classi-
fying the image output data that are going to go to the display
section 111 according to the degrees of stability of elasticity
that are stored in the image memory 110, it can be seen
whether the image output data presented is associated with a
high degree of stability or not. Alternatively, the image syn-
thesizing section 109 may sort the image output data, stored
in the image memory 110, in the order of magnitudes of
stability and then present the data on the display section 111.
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In this manner, the operator can select only image output data
associated with high degrees of stability.

INDUSTRIAL APPLICABILITY

[0129] The present invention can be used effectively in an
ultrasonic diagnostic apparatus. Among other things, the
present invention is applicable particularly effectively to an
ultrasonic diagnostic apparatus that calculates a property
value of a subject.

1. An ultrasonic diagnostic apparatus comprising:

a transmitting section, which drives a probe that transmits
an ultrasonic wave toward a subject;

a receiving section, which receives an ultrasonic echo,
produced by getting the ultrasonic wave reflected by the
subject, through the probe, thereby generating a received
signal,

a tomographic image processing section for generating a
tomographic image of the subject based on the received
signal,

a property value calculating section for calculating prop-
erty values of the subject based on the received signal
over a period of time;

a property value image processing section for generating a
property value image representing the distribution of
property values based on the property values;

astability estimating section for calculating either the vari-
ance or the standard deviation of a plurality of property
values that have been calculated over the period of time
atapredetermined spot of interest, or in a predetermined
region of interest, of the subject, and sequentially esti-
mating the degrees of stability based on the variance or
the standard deviation;

an image synthesizing section, which synthesizes the
tomographic image and the property value image
together, thereby generating data for a synthetic image;
and

adisplay section for presenting the synthetic image and the
degrees of stability thereon,

wherein the image synthesizing section receives the degree
of stability from the stability estimating section and
changes the modes of presentation of at least one of the
tomographic image and the property value image
according to the degree of stability.

2-3. (canceled)

4. The ultrasonic diagnostic apparatus of claim 1, wherein
the stability estimating section further generates rating
images representing the degrees of stability and the display
section presents the rating images thereon.
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5. The ultrasonic diagnostic apparatus of claim 4, wherein
the stability estimating section further generates an image
representing the maximum value of the degrees of stability
that have been calculated sequentially and the display section
presents the image representing the maximum value.

6. (canceled)

7. The ultrasonic diagnostic apparatus of claim 1, wherein
the image synthesizing section synthesizes the tomographic
image and the property value image together such that corre-
sponding spots of interest agree with each other, and changes
the degrees of transparency of the tomographic image or the
property value image according to the degree of stability
when the two images are superposed one upon the other.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
the image synthesizing section receives an electrocardiogram
of the subject, synthesizes the electrocardiogram, the tomo-
graphic image and the property value image together, and
changes the modes of presentation of the electrocardiogram
according to the degree of stability.

9. (canceled)

10. An ultrasonic diagnostic apparatus comprising;

a transmitting section, which drives a probe that transmits

an ultrasonic wave toward a subject;

a receiving section, which receives an ultrasonic echo,
produced by getting the ultrasonic wave reflected by the
subject, through the probe, thereby generating a received
signal;

a property value calculating section for calculating prop-
erty values of the subject based on the received signal
over a period of time;

a stability estimating section for calculating either the vari-
ance or the standard deviation of a plurality of property
values that have been calculated over the period of time
at apredetermined spot of interest, or in a predetermined
region of interest, of the subject, and sequentially esti-
mating the degrees of stability based on the variance or
the standard deviation; and

a presenting section for presenting the degrees of stability
thereon,

wherein the presenting section is an acoustic transducer
and transforms an electrical signal, which has been gen-
erated based on the degree of stability, into a sound.

11. The ultrasonic diagnostic apparatus of claim 1, further
comprising an input section for defining a region of interest
on the tomographic image,

wherein the image synthesizing section changes the modes
of presentation of the region of interest on the tomo-
graphic image according to the degree of stability.
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