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(7) ABSTRACT

An ultrasonic diagnostic apparatus including an elastic
image data generating unit which generates elastic image
data having color information corresponding to strain cal-
culated by a physical quantity data generating unit, and a
displayer which causes an elastic image having a color
corresponding to the strain to be displayed on an ultrasound
image of the biological tissue, based on the elastic image
data The elastic image data generating unit generates the
elastic image data, based on a color conversion table which
is indicative of information of association of strain and the
color information with each other and in which the color
information changes depending on strain in a predetermined
range of strain set in advance. The displayer displays an
elasticity index image indicating an elasticity index indica-
tive of a relative relationship of an average value of strain in
a region set to the ultrasound image and the predetermined
range of strain.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROL PROGRAM THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 14/422,752, filed on Feb. 20,
2015, which is the National Stage of International Applica-
tion No. PCT/US2013/055052, filed on Aug. 15, 2013,
which claims priority from Japanese Patent Application No.
2012-182133, filed on Aug. 21, 2012, the entire contents of
which are incorporated herein by reference.

BACKGROUND

[0002] Embodiments of the present invention relate to an
ultrasonic diagnostic apparatus which displays an elastic
image indicative of the hardness or softness of a biological
tissue in a subject, and a control program thereof.

[0003] An ultrasonic diagnostic apparatus which com-
bines a normal B-mode image and an elastic image indica-
tive of the hardness or softness of a biological tissue in a
subject together and displays the result of combination, has
been disclosed in, for example, Japanese Patent Publication
No. 2007-282932 or the like. The elastic image is generated
in the following manner, for example. A physical quantity
related to the elasticity of the subject is first calculated based
on echo signals obtained by transmitting ultrasound to the
subject. The physical quantity is strain, for example. An
elastic image comprised of a color corresponding to the
elasticity is generated based on the calculated physical
quantity and displayed.

[0004] Meanwhile, there has recently been a demand for
evaluation of a liver disease by an ultrasonic diagnostic
apparatus capable of displaying an elastic image. Here, as
for a diffuse liver disease, the elasticity of a liver may change
in entirety without changing locally. Even in such a case, it
has been desired that the elasticity of a biological tissue is
recognized by the ultrasonic diagnostic apparatus to prop-
erly perform the evaluation of the disease.

BRIEF SUMMARY OF THE INVENTION

[0005] An embodiment of the invention made to solve the
above problems is an ultrasonic diagnostic apparatus which
is equipped with a physical quantity calculating unit which
calculates a physical quantity related to elasticity of each
part in a biological tissue, based on echo signals obtained by
transmission/reception of ultrasound to and from the bio-
logical tissue, an elastic image data generating unit which
generates elastic image data having information indicative
of a display form corresponding to the physical quantity
calculated by the physical quantity calculating unit, and a
displayer which causes an elastic image having the display
form corresponding to the physical quantity to be displayed
on an ultrasound image of the biological tissue, based on the
elastic image data. In the ultrasonic diagnostic apparatus, the
elastic image data generating unit generates the elastic
image data, based on information, the information being
information in which the physical quantity and the informa-
tion indicative of the display form are associated with each
other, and in which the information indicative of the display
form changes depending on a physical quantity in a pre-
scribed range of physical quantities set in advance. The
displayer displays an elasticity index image indicating an

May 16, 2019

elasticity index indicative of a relative relationship between
a typical value representative of a physical quantity in a
region set to the ultrasound image and the prescribed range
of physical quantities.

[0006] According to the above embodiment, since an
elasticity index image indicating an elasticity index indica-
tive of a relative relationship between a typical value rep-
resentative of a physical quantity in a region set to the
ultrasound image and the prescribed range of physical
quantities is displayed, the elasticity of a biological tissue
can be shown in a quantified form. It is thus possible to
recognize the elasticity of the biological tissue and properly
perform the evaluation of a disease.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram showing one example of
a schematic configuration of an embodiment of an ultrasonic
diagnostic apparatus according to the present invention;
[0008] FIG. 2 is a block diagram illustrating a configura-
tion of a display controller in the ultrasonic diagnostic
apparatus shown in FIG. 1;

[0009] FIG. 3 is a diagram depicting one example of a
composite ultrasound image displayed on a displayer;
[0010] FIG. 4 is a diagram showing one example of a color
conversion table;

[0011] FIG. 5 is a diagram illustrating one example of an
elasticity index in a strain range to which a slope part of the
color conversion table is set;

[0012] FIG. 6 is a diagram for describing a comparative
example in which a color conversion table is set according
to a distribution of strain;

[0013] FIG. 7 is a diagram for describing a comparative
example in which a color conversion table is set according
to a distribution of strain;

[0014] FIG. 8 is a diagram showing a color conversion
table and elasticity indices in different strain distributions;
[0015] FIG. 9 is a diagram illustrating the displayer on
which an elasticity index bar is displayed in a modification
of the first embodiment;

[0016] FIG. 10 is a diagram showing the displayer in a
second embodiment;

[0017] FIG. 11 is a diagram illustrating the displayer in a
modification of the second embodiment; and

[0018] FIG. 12 is a diagram showing another example of
an elasticity index image.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Embodiments of the present invention will herein-
after be described based on the accompanying drawings.
[0020] A first embodiment will first be explained based on
FIGS. 1 through 8. An ultrasonic diagnostic apparatus 1
shown in FIG. 1 is equipped with an ultrasonic probe 2, a
transmit-receive beamformer 3, a B-mode data generator 4,
a physical quantity data generator 5, a display controller 6,
adisplayer 7, an operation unit 8, a controller 9 and a storage
unit 10,

[0021] The ultrasonic probe 2 transmits ultrasound to a
subject and receives its echoes. The transmit-receive beam-
former 3 drives the ultrasonic probe 2 under a predetermined
scan condition to perform the scanning of the ultrasound
every sound ray. Also, the transmit-receive beamformer 3
performs signal processing such as phasing-adding process-
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ing on each echo received by the ultrasonic probe 2. Echo
data subjected to the signal processing by the transmit-
receive beamformer 3 is outputted to the B-mode data
generator 4 and the physical quantity data generator 5. The
transmit-receive beamformer 3 is one example illustrative of
an embodiment of transmit-receive beamformer in the pres-
ent invention.

[0022] The B-mode data generator 4 performs B-mode
processing such as logarithmic compression processing,
envelop detection processing or the like on the echo data
outputted from the transmit-receive beamformer 3 to thereby
generate B-mode data. The B-mode data may be stored in
the storage unit 10.

[0023] The physical quantity data generator 5 calculates a
physical quantity related to the elasticity of each portion in
the subject, based on the echo data outputted from the
transmit-receive beamformer 3 to generate physical quantity
data (physical quantity calculating function). As described
in, for example, Japanese Unexamined Patent Publication
No. 2008-126079, the physical quantity data generator 5 sets
correlation windows to echo data different in time on the
same sound ray at one scanning surface. The physical
quantity data generator 5 performs a correlation computation
between the correlation windows to calculate a physical
quantity related to the elasticity for each pixel, thereby
generating physical quantity data corresponding to one
frame. Accordingly, the physical quantity data correspond-
ing to one frame 1s obtained from echo data corresponding
to two frames, and an elastic image is generated as will be
described later.

[0024] The physical quantity data generator 5 calculates
strain as the physical quantity related to the elasticity in the
present embodiment. That is, the physical quantity data is
data about the strain. In the present embodiment, as will be
described later, strain is calculated by the deformation of the
liver due to the pulsation of the heart or blood vessels. The
physical quantity data generator 5 is one example illustrative
of an embodiment of a physical quantity calculating unit in
the present invention. The physical quantity calculating
function is one example illustrative of an embodiment of a
physical quantity calculating function in the present inven-
tion.

[0025] The physical quantity data may be stored in the
storage unit 10.
[0026] The display controller 6 is inputted with the

B-mode data from the B-mode data generator 4 and the
physical quantity data from the physical quantity data gen-
erator 5. As shown in FIG. 2, the display controller 6 has a
B-mode image data generating unit 61, an elastic image data
generating unit 62, an average value calculating unit 63, an
elasticity index calculating unit 64, an elasticity index image
generating unit 65, and an image display control unit 66.
[0027] The B-mode image data generating unit 61 per-
forms scan conversion based on a scan converter on the
B-mode data to convert it to B-mode image data having
information indicative of brightness corresponding to the
signal intensity of each echo. The B-mode image data has
information indicative of brightness of 256 levels of gray,
for example.

[0028] The elastic image data generating unit 62 converts
the physical quantity data to information indicative of colors
and performs scan conversion based on the scan converter to
generate color elastic image data having information indica-
tive of colors corresponding to strain (color elastic image
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data generating function). The elastic image data generating
unit 62 brings physical quantity data into gradation and
generates color elastic image data comprised of information
indicative of colors assigned to respective gradations. The
details thereof will be described later. The elastic image data
generating unit 62 is one example illustrative of an embodi-
ment of an elastic image data generating unit in the present
invention. The color elastic image data is one example
illustrative of an embodiment of elastic image data having
information indicative of a display form corresponding to a
physical quantity in the present invention. The information
indicative of the display form is information indicative of
each color in the present embodiment. The color elastic
image data generating function is one example illustrative of
an embodiment of an elastic image data generating function
in the present invention.

[0029] The average value calculating unit 63 calculates an
average value Stav of strain calculated by the physical
quantity data generating unit 5 in a region R (refer to FIG.
3) set to a B-mode image BI as will be described later. This
average value Stav of strain is one example illustrative of an
embodiment of a value representative of a physical quantity
of a region in the present invention. The average value
calculating unit 63 is one example illustrative of an embodi-
ment of a value calculating unit in the present invention.

[0030] The elasticity index calculating unit 64 calculates
an elasticity index. The elasticity index is an index of the
elasticity of a biological tissue in the region R. The elasticity
index image generating unit 65 generates an elasticity index
image indicative of the elasticity index calculated by the
elasticity index calculating unit 64. The details thereof will
be explained later. The elasticity index calculating unit 64 is
one example illustrative of an embodiment of an elasticity
index calculating unit in the present invention. The elasticity
index image generating unit 65 is one example illustrative of
an embodiment of an elasticity index image generating unit
in the present invention.

[0031] The image display control unit 66 combines the
B-mode image data and the color elastic image data together
and generates image data of a composite ultrasound image
displayed on the displayer 7. The image display control unit
66 causes the displayer 7 to display the image data as a
composite ultrasound image Ul obtained by combining a
B-mode image BI and an elastic image EI (refer to FIG. 3).
The elastic image FEI is displayed in the region R set to the
B-mode image BI.

[0032] The B-mode image data and the color elastic image
data may be stored in the storage unit 10. The image data of
the composite ultrasound image may be stored in the storage
unit 10.

[0033] The image display control unit 66 causes the dis-
player 7 to display an elasticity index image Inl indicative of
the elasticity index generated by the elasticity index image
generating unit 65 along with the composite ultrasound
image UI (refer to FIG. 3). The image display control unit
66 1s one example illustrative of an embodiment of an image
display control unit in the present invention and performs an
image display control function in the present invention.

[0034] The displayer 7 is comprised of, for example, an
LCD (Liquid Crystal Display), a CRT (Cathode Ray Tube)
or the like. The displayer 7 is one example illustrative of an
embodiment of a displayer in the present invention.
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[0035] The operation unit 8 includes a keyboard and a
pointing device (not shown) or the like for inputting instruc-
tions and information by an operator.

[0036] The controller 9 is comprised of a CPU (Central
Processing Unit). The controller 9 reads a control program
stored in the storage unit 10 to execute functions at the
respective parts of the ultrasonic diagnostic apparatus 1,
starting with the physical quantity calculating function, the
color elastic image data generating function and the image
display control function.

[0037] The storage unit 10 is, for example, an HDD (Hard
Disk Drive), or a semiconductor memory such as a RAM
(Random Access Memory), a ROM (Read Only Memory) or
the like.

[0038] A description will now be made of the operation of
the ultrasonic diagnostic apparatus 1 according to the pres-
ent embodiment. The transmit-receive beamformer 3 causes
the ultrasonic probe 2 to transmit ultrasound to a biological
tissue of a subject. In the present embodiment, the ultra-
sound is transmitted to the liver of the subject by the
ultrasonic probe 2.

[0039] The transmit-receive beamformer 3 may cause the
ultrasonic probe 2 to alternately transmit ultrasound for
generating a B-mode image and ultrasound for generating an
elastic image. Echo signals of ultrasound transmitted from
the ultrasonic probe 2 are received by the ultrasonic probe 2.

[0040] Here, the liver is repeatedly deformed depending
on the pulsation of the heart or blood vessels. A composite
ultrasound image that has taken deformation as strain is
generated based on echo signals obtained from the liver in
which such deformation has been repeated. Specifically,
when the echo signals are captured, the B-mode data gen-
erator 4 generates B-mode data, and the physical quantity
data generator 5 calculates strain to generate physical quan-
tity data Further, the B-mode image data generating unit 61
generates B-mode image data, based on the B-mode data,
and the elastic image data generating unit 62 generates color
elastic image data, based on the physical quantity data Then,
the image display control unit 66 causes the displayer 7 to
display a composite ultrasound image Ul in which a B-mode
image BI based on the B-mode image data and an elastic
image EI based on the color elastic image data are com-
bined, as shown in FIG. 3. The composite ultrasound image
Ul is a real-time image. The elastic image EI is displayed
within a region R (shown in dots).

[0041] The image display control unit 66 causes the dis-
player 7 to display the elasticity index image Inl as shown
in FIG. 3. The elasticity index image Inl includes an
elasticity index graph G indicative of changes in elasticity
index with time. The details thereof will be described later.

[0042] A description will be made of the generation of the
color elastic image data. The elastic image data generating
unit 62 converts the physical quantity data to information
indicative of colors (hereinafter called “color information”),
based on a color conversion table TA to thereby generate the
color elastic image data comprised of color information
corresponding to a physical quantity. The color information
is one example illustrative of an embodiment of information
indicative of a display form in the present invention.

[0043] The color conversion table TA will be explained.
The color conversion table TA is information in which strain
and color information are associated with each other. Color
information converted by this color conversion table TA is a
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prescribed number of gradations (0 to N). For example, the
number of gradations is 256 (N=255).

[0044] The color conversion table TA can be shown in the
graph shown in FIG. 4, for example. The color conversion
table TA shown in FIG. 4 takes the form of a graph having
a slope part S1 and a horizontal part Hr. In the present
embodiment, a predetermined range X of strain extending
from zero to strain Stmax corresponds to the slope part Sl.
[0045] In the slope part SI, the color information is set so
as to change stepwise depending on the strain. For example,
the gradation 0 is color information indicative of blue, and
the gradation N is color information indicative of red. The
gradation N/2 being gradation in the middle between the
gradation 0 and the gradation N is color information indica-
tive of green. In this case, the color changes from blue to
green between the gradation 0 and the gradation N/2, and the
color changes from green to red between the gradation N/2
and the gradation N. The predetermined strain range X is one
example illustrative of a predetermined range of physical
quantities in the present invention.

[0046] The maximum value Stmax of strain in the prede-
termined strain range X is converted to the gradation N.
Strain greater than or equal to the maximum value Stmax is
converted to the gradation N. That is, strain is converted to
the gradation N at the horizontal part Hr. Thus, the strain
greater than or equal to the maximum value Stmax is
represented in the same color (e.g., red) at an elastic image.
[0047] The predetermined strain range X is set in advance
to a range of values of strain that the liver being targeted for
the display of an elastic image can take according to the
deformation of the liver due to the pulsation of the heart or
blood vessels. For example, the predetermined strain range
X 1s set to such a range that it includes from the value of
strain of the normal liver to the value of strain of a liver of
cirrhosis.

[0048] The elasticity index graph G will next be
explained. The elasticity index graph G is a graph indicative
of time changes in elasticity index In. The elasticity index In
indicates a relative relationship between the average value
Stav of strain in the region R and the predetermined range
X of strain. This relative relationship means a position
relationship of the average value Stav to the predetermined
strain range X. Thus, the elasticity index In indicates in
which position the average value Stav exists with respect to
the predetermined strain range X.

[0049] The elasticity index In is calculated by the elastic-
ity index calculating unit 64. Specifically, the elasticity
index In is calculated by the following equation (1):

In=(Average value Stav/Maximum value Stmax)x

100 (1)
[0050] The elasticity index In is a numeric value with a
percent (%) as a unit. As shown in FIG. 5, for example, when
the average value Stav of strain is of the central value of the
strain range X, the elasticity index In is 50%. It is able to
recognize from such an elasticity index In in which position
the average value Stav of strain exists within the strain range
X. It is able to grasp whether the elasticity of the region is
hard or soft.
[0051] Incidentally, when the average value Stav of strain
is larger than the maximum value Stmax (Stav>Stmax), the
elasticity index In is taken as 100%.
[0052] Here, as an example compared with the present
embodiment, a description will be made of a case where a
color conversion table TA' is assumed to be set according to
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the distribution of strain in the region R to generate elastic
image data. In FIG. 6, reference numeral D1 indicates the
distribution of strain in the region R. The strain distribution
D1 is a distribution of strain in the region R at a given frame.
[0053] In the color conversion table TA', a slope part S1'
is set to a predetermined strain range X' on the basis of an
average value Stavl of strain in the strain distribution D1.
Here, when the strain distribution D1 of FIG. 6 is taken as
the normal liver, for example, the average value Stavl is
represented in green in an elastic image EI. On the other
hand, assuming that a strain distribution D2 shown in FIG.
7 is a strain distribution about a liver hardened over its
entirety, a slope part S1'is set to a predetermined strain range
X' on the basis of an average value Stav2 of strain in the
strain distribution D2. Even in the elastic image EI generated
based on the color conversion table TA' to which such a
slope part S1' is set, the average value Stav2 is represented
in green in the elastic image EI. Thus, when the color
conversion table TA' is set according to the distribution of
strain, there is no difference in elastic image between the
liver hardened over its entirety like cirrhosis and the normal
liver.

[0054] On the other hand, as in the present embodiment,
the strain range to which the slope part Sl of the color
conversion table TA is set, is fixed to a predetermined strain
range X. The elastic index In indicative of the average value
being located in any position is calculated in the range X.
Therefore, the elastic index In becomes different values
between the liver hardened over its entirety like cirrhosis
and the normal liver. As shown in FIG. 8, for example, an
elastic index Inl of an average value Stav1 of strain in the
strain distribution D1 (the same strain distribution as in FIG.
6), and an elastic index In2 of an average value Stav2 of
strain in the strain distribution D2 (the same strain distri-
bution as in FIG. 7) become different values (In1>In2).
[0055] The elasticity index In is calculated for each frame
of the elastic image EI. The elasticity index image generat-
ing unit 65 generates an elasticity index graph G indicative
of time changes in the elasticity index In. The elasticity
index graph G is displayed on the displayer 7 by the image
display control unit 66.

[0056] The elasticity index image Inl including the elas-
ticity index graph G will be explained. The elasticity index
image Inl has a left line L1 (line), a right line R1, a zero
point mark M, and an indication line F1 in addition to the
elasticity index graph G. The elasticity index graph G is
represented between the left line L1 and the right line R1.
Between the left line L1 and the right line R1, the vertical
direction indicates the size of an elasticity index In, and the
horizontal direction indicates time. The zero point mark M
means that the elasticity index In is 0%. The upper ends of
the left line L1 and the right line R1 means that the elasticity
index is 100%.

[0057] A point of intersection of the indication line F1 and
the elasticity index graph G indicates an elasticity index In
of an elastic image EI displayed on the displayer 7 at present.
The indication line F1 moves in the right direction with the
elapse of time. With the movement of the indication line Fl,
the elasticity index graph G is updated.

[0058] According to the present embodiment as described
above, since the elasticity index graph G is displayed, the
elasticity of a biological tissue can be shown in a quantified
form. It is able to recognize by the elasticity index graph G,
time changes in the strain of the biological tissue, repeated
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according to the heart rate or the pulsation of blood vessels,
for example. It is thus possible to perform the evaluation of
a disease in detail.

[0059] A modification of the first embodiment will next be
explained. In this modification, an elasticity index bar Ba is
displayed as the elasticity index image Inl as shown in FIG.
9. The elasticity index bar Ba is displayed at a part of which
the background is black, and has a colored part Cl and a
white part Wh. The length of the colored part Cl indicates
the value of the elasticity index In. If the elasticity index In
is 50%, for example, the colored part Cl becomes half of the
overall length of the elasticity index bar Ba, and the white
part Wh also becomes half of the overall length of the
elasticity index bar Ba.

[0060] In the colored part Cl, the color thereof may be
changed depending on the value of the elasticity index In.
When the elasticity index In is greater than or equal to 0%
and less than 30%, for example, the colored part Cl may be
blue. When the elasticity index In is greater than or equal to
30% and less than 60%, the colored part Cl may be green.
When the elasticity index In is greater than or equal to 60%
and less than or equal to 100%, the colored part Cl may be
red. The above numerical range and colors are however one
example and not limited to the above.

[0061] As in this modification, the elasticity of a biologi-
cal tissue can be shown in a quantified form even by the
display of the elasticity index bar Ba.

[0062] A second embodiment will next be described.
Description of the same items as those in the first embodi-
ment is however omitted.

[0063] In the present embodiment, as shown in FIG. 10, a
first region R1 is set to a B-mode image BI displayed on the
displayer 7. Further, a second region R2 is set to within the
first region R1. The image EI is displayed in the first region
R1 including the second region R2. For example, the second
region R2 is set to a region that an operator takes interest in
particularly within the first region R1.

[0064] In the present embodiment, the elasticity index
calculating unit 64 calculates a first elasticity index Inl
indicative of in which position an average value StavR1 of
strain in the first region R1 exists within the predetermined
strain range X, by the following (equation 2):

Inl=(Average value StavR1/Maximum value
Stmax)x 100 2

[0065] Also the elasticity index calculating unit 64 calcu-
lates a second elasticity index In2 indicative of in which
position an average value StavR2 of strain in the second
region R2 exists within the predetermined strain range X, by
the following (equation 3):

[n2=(Average value StavR2/Maximum value
Stmax)x 100 (3)

[0066] The elasticity index image generating unit 65 gen-
erates a first elasticity index graph G1 indicative of time
changes in the first elasticity index Inl. Also the elasticity
index image generating unit 65 generates a second elasticity
index graph G2 indicative of time changes in the second
elasticity index In2.

[0067] The image display control unit 66 causes the dis-
player 7 to display a first elasticity index image Inn and a
second elasticity index image Inl2 as the elasticity index
image Inl as shown in FIG. 10. The first elasticity index
image Inll includes the first elasticity index graph G1
indicative of the time changes in the first elasticity index In1.
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The second elasticity index image InI2 includes the second
elasticity index graph G2 indicative of the time changes in
the second elasticity index In2. The first elasticity index
image Inl1 and the second elasticity index image Inl2 are
identical in configuration to the elasticity index image InI of
the first embodiment, and their detailed description is there-
fore omitted.

[0068] According to the present embodiment described
above, since the first elasticity index graph G1 and the
second elasticity index graph G2 are displayed with respect
to the first region R1 and the second region R2, the elasticity
of the biological tissue in the two regions can be displayed
in the quantified form. Time changes in the strain of the
biological tissue in the two regions can be recognized by the
first elasticity index graph G1 and the second elasticity index
graph G2. It is thus possible to perform the evaluation of a
disease in detail.

[0069] A modification of the second embodiment will next
be explained. In this modification, as with the modification
of the first embodiment, as shown in FIG. 11, a first elasticity
index bar Bal may be displayed as the first elasticity index
image Inl1, and a second elasticity index bar Ba2 may be
displayed as the second elasticity index image Inl2. The first
elasticity index bar Bal is an image indicative of the value
of the first elasticity index Inl. The second elasticity index
bar Ba2 is an image indicative of the value of the second
elasticity index In2. The first elasticity index bar Bal and the
second elasticity index bar Ba2 are identical in configuration
to the elasticity index bar Ba in the modification of the first
embodiment, and their detailed description is therefore omit-
ted.

[0070] Although the present invention has been described
above by the respective embodiments, it is needless to say
that the present invention can be changed in various ways
within the scope that does not change the gist of the
invention. For example, although the elasticity index In is
taken as 100% where the average value Stav of strain
becomes larger than the maximum value Stmax in the above
embodiment, the value obtained in each of the above equa-
tions (1), (2) and (3) may be defined as an elasticity index
as it is. Accordingly, the value that exceeds 100% may be
calculated as an elasticity index.

[0071] The elasticity index image Inl may be a numeric
value indicative of the value of an elasticity index In as
shown in FIG. 12.

[0072] Further, in the second embodiment, the elasticity
index image Inl2 may be displayed only with respect to the
region R2.

[0073] In the above equations (1) through (3), their com-
mon denominators are numeric values each indicative of the
size of the range X of strain. When the minimum value of the
strain range X is not zero, the difference between the
maximum value of the strain range X and its minimum value
becomes a common denominator.

[0074] The composite ultrasound image Ul is not limited
to the real-time image, but may be an image based on the
data stored in the storage unit 10.

[0075] This written description uses examples to disclose
the present invention, including the best mode, and also to
enable any person skilled in the art to practice the present
invention, including making and using any computing sys-
tem or systems and performing any incorporated methods.
The patentable scope of the present invention is defined by
the claims, and may include other examples that occur to
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those skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with
insubstantial differences from the literal language of the
claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a displayer; and

a processor, wherein the processor is configured to:

receive B-mode image data;

receive physical quantity data;

convert the physical quantity data to color elastic image
data based on a color conversion table, where the
color conversion table includes a predetermined
physical strain quantity range including a first value
of strain of a normal tissue to a second value of strain
of a diseased tissue, where the physical strain quan-
tity range does not vary based on a distribution of the
physical quantity data;

combine the B-mode image data and the color elastic
image data to generate a composite ultrasound
image; and

cause the displayer to display the composite ultrasound
image.

2. The ultrasonic diagnostic apparatus of claim 1, further
comprising an ultrasonic probe configured to transmit ultra-
sound into a biological tissue and receive echo signals from
the transmitted ultrasound, the biological tissue including a
plurality of portions.

3. The ultrasonic diagnostic apparatus of claim 2, further
comprising a B-mode data generator configured to perform
B-mode processing on a first subset of the echo signals to
generate B-mode data.

4. The ultrasonic diagnostic apparatus of claim 3, wherein
the processor is further configured to perform scan conver-
sion on the B-mode data to convert it to the B-mode image
data.

5. The ultrasonic diagnostic apparatus of claim 4, further
comprising a physical quantity data generator configured to
calculate a strain related to the elasticity of the plurality of
portions of the biological tissue based on a second subset of
the echo signals to generate the physical quantity data.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the normal tissue comprises a normal liver and the diseased
tissue comprises a diseased liver.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
the diseased liver comprises a liver with cirrhosis.

8. The ultrasonic diagnostic apparatus of claim 5, wherein
the normal tissue comprises a normal liver and the diseased
tissue comprises a diseased liver.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
the diseased liver comprises a liver with cirrhosis.

10. The ultrasonic diagnostic apparatus of claim 1,
wherein the processor is further configured to calculate an
elasticity index of a specified region within the biological
tissue.

11. The ultrasonic diagnostic apparatus of claim 10,
wherein the processor is further configured to cause the
displayer to display an elasticity index image indicative of
the elasticity image.
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12. The ultrasonic diagnostic apparatus of claim 11,
wherein the displayer is configured to display the elasticity
index image at the same time as the composite ultrasound
image.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RHEA
IPCH %S
CPCH¥S

L 5E

S EREEEE

BEX)

—MEFRSHRE , S8  BHEGKEEKET  REKERSH
MEERFEERE TITENNEX N EE SN REEREGHE UARE
TR, HESEAENENNNAEHNEMEGRERERL L, £ET#
HEGHENEMALNBEFEGEERGHREERNE TETH SRR
RERBEEERGHE , ZHERRRETNENAREENIRKER.
HbhHefeREMARENMENTEENNNEMEL. EREE
THEMESEG  ZHRtEREGEREEER , ZREERRTRE
A ERN X KRN FEESTERN MESTE AN xR,

BERMRERERHRERF

US20190142384A1 NIF(AEH)A
US16/242783 RiEH
B ESAT
BARALAT
BAESAT

TANIGAWA SHUNICHIRO

TANIGAWA, SHUNICHIRO

A61B8/08 A61B8/00

patsnap

2019-05-16

2019-01-08

AG61B8/485 A61B8/5292 A61B8/5207 A61B8/085 A61B8/463 A61B8/5223

2012182133 2012-08-21 JP
14/422752 2015-02-20 US
PCT/US2013/055052 2013-08-15 WO

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/5d6dd690-503c-453c-9ce7-2dc108ebf4ca
https://worldwide.espacenet.com/patent/search/family/049080977/publication/US2019142384A1?q=US2019142384A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190142384%22.PGNR.&OS=DN/20190142384&RS=DN/20190142384

