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ULTRASONIC DIAGNOSIS APPARATUS AND
PROGRAM

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to an
ultrasonic diagnosis apparatus and a program for detecting
shear waves generated in biological tissue by an ultrasonic
push pulse and calculating a measurement value for the elas-
ticity of the biological tissue.

BACKGROUND

[0002] There have been known elasticity measurement
techniques of measuring the elasticity of biological tissue by
transmitting an ultrasonic pulse (push pulse) having a high
acoustic pressure from an ultrasonic probe to the biological
tissue (for example, see Japanese Patent Application KOKAI
No. 2012-100997). More specifically, a portion to be mea-
sured, i.e., a portion for which the elasticity is to be measured,
is defined, shear waves generated in biological tissue by a
push pulse are detected by ultrasonic detecting pulses in the
portion to be measured, and the velocity of propagation of the
shear waves and/or the elasticity value of the biological tissue
are calculated to provide elasticity data. Then, an elasticity
image having colors or the like according to the calculated
value is displayed.

SUMMARY OF THE INVENTION

[0003] In case that a bone, for example, lies in an area to
which the push pulse is transmitted, the push pulse will not
reach a region deeper than the bone. Moreover, in case that the
ultrasonic probe is in loose or no contact with the body sur-
face, the push pulse will not reach the inside of a subject. In
such cases, no shear wave will reach the portion to be mea-
sured. Further, when a bone, a cyst, air or the like lies in a
propagation path of the shear waves toward the portion to be
measured, it may adversely affect propagation of the shear
waves toward the portion to be measured.

[0004] Thus, when propagation of shear waves toward a
portion to be measured is intercepted, it may be difficult to
display an elasticity image in which the elasticity of biologi-
cal tissue is more accurately reflected.

[0005] The invention in one aspect made for solving the
problem described above is an ultrasonic diagnostic appara-
tus comprising a processor for executing by a program: a
transmission control function of controlling transmission of
an ultrasonic push pulse to biological tissue in a subject,
transmission of a plurality of ultrasonic detecting pulses for
detecting shear waves generated in said biological tissue by
said push pulse, and transmission of ultrasound for producing
a B-mode image for said biological tissue; a measurement-
value calculating function of calculating a measurement
value regarding elasticity of said biological tissue in a portion
for which elasticity is to be measured in said biological tissue
based on echo signals of said ultrasonic detecting pulses; an
evaluating function of evaluating an impact of an inhibiting
factor intercepting propagation of said shear waves toward
said portion for which elasticity is to be measured on image
quality of an elasticity image based on data indicating bright-
ness for a predefined region in said B-mode image; and an
image display processing function of displaying said B-mode
image and said elasticity image, said apparatus being charac-
terized in that: said transmission control function transmits
said push pulse to such a position that degradation of image
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quality of said elasticity image by said inhibiting factor may
be restrained based on an evaluation by said evaluating func-
tion.

[0006] According to embodiments of the present invention,
the evaluating function evaluates an impact of an inhibiting
factor intercepting propagation of the shear waves toward the
portion for which elasticity is to be measured on image qual-
ity of an elasticity image based on data indicating brightness
for a predefined region in a B-mode image, and the push pulse
is transmitted based on the evaluation; therefore, the push
pulse may be transmitted so that propagation of shear waves
toward the portion to be measured would not be intercepted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram showing a schematic
configuration of an ultrasonic diagnostic apparatus that is an
exemplary embodiment of the present invention.

[0008] FIG. 2is ablock diagram showing a configuration of
an echo data processing section.

[0009] FIG. 3is ablock diagram showing a configuration of
a display processing section.

[0010] FIG. 4 is a diagram showing a display section in
which a B-mode image and an elasticity image are displayed.
[0011] FIG. 5is a flow chart showing an operation of deter-
mination of a transmission position in the ultrasonic diagno-
sis apparatus in the first embodiment.

[0012] FIG. 6 is a diagram showing the display section in
which a region of interest is defined in the B-mode image.
[0013] FIG. 7 is a diagram showing exemplary regions for
which brightness information is calculated.

[0014] FIG. 8is a diagram explaining the regions shown in
FIG. 7.
[0015] FIG. 9 is a diagram explaining other exemplary

regions for which brightness information is calculated.
[0016] FIG. 10is an explanatory diagram illustrating a case
in which a bone lies in an area to which a push pulse is
transmitted.

[0017] FIG. 11 is an explanatory diagram illustrating a case
in which a cyst lies in a propagation path of shear waves from
a push pulse to a region of interest.

[0018] FIG. 12 is a flow chart showing an operation of
fixing of a transmission position in the ultrasonic diagnosis
apparatus in a second embodiment.

[0019] FIG. 13 is a diagram showing an exemplary region
for which brightness information is calculated.

[0020] FIG. 14 is a diagram showing another exemplary
region for which brightness information is calculated.
[0021] FIG. 15is alow chart showing an operation of fixing
of a transmission position in the ultrasonic diagnosis appara-
tus in a second variation of the second embodiment.

[0022] FIG. 16 is a diagram explaining a transmission posi-
tion to which a push pulse is to be transmitted in a third
variation of the second embodiment.

[0023] FIG. 17 is a diagram explaining a transmission posi-
tion to which a push pulse is to be transmitted different from
that in FIG. 16 in the third variation of the second embodi-
ment.

[0024] FIG. 18 is a diagram explaining transmission of a
push pulse when the region of interest is divided in the third
variation of the second embodiment.

[0025] FIG. 19 is a diagram explaining transmission of a
push pulse when the region of interest is divided in the third
variation of the second embodiment.
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[0026] FIG. 20 is a flow chart showing an operation of
fixing of a beam profile in the ultrasonic diagnosis apparatus
in a fourth variation of the second embodiment.

[0027] FIG. 21 is a diagram explaining modification of the
width of a transmission aperture for a push pulse.

[0028] FIG.22isadiagram explaining determination of the
width of the transmission aperture.

[0029] FIG. 23 is a diagram explaining modification of the
beam direction for a push pulse.

DETAILED DESCRIPTION

[0030] Now embodiments of the present invention will be
described with reference to the accompanying drawings.
[0031] To beginwith, a first embodiment will be described.
An ultrasonic diagnostic apparatus 1 shown in FIG. 1 com-
prises an ultrasonic probe 2, a transmission/reception (T/R)
beamformer 3, an echo data processing section 4, a display
processing section 5, a display section 6, an operating section
7, a control section 8, and a storage section 9.

[0032] The ultrasonic probe 2 transmits ultrasound to bio-
logical tissue in a subject. By the ultrasonic probe 2, an
ultrasonic pulse (push pulse) for generating shear waves in
the biological tissue is transmitted. Also by the ultrasonic
probe 2, ultrasonic detecting pulses for detecting shear waves
generated in the biological tissue by the push pulse are trans-
mitted and echo signals thereof are received.

[0033] Further, by the ultrasonic probe 2, ultrasonic
B-mode imaging pulses for producing a B-mode image are
transmitted and echo signals thereof are received.

[0034] TheT/R beamformer 3 drives the ultrasonic probe 2
based on control signals from the control section 8 to transmit
the several kinds of ultrasonic pulses described above with
predetermined transmission parameters (transmission con-
trol function). The T/R beamformer 3 also applies signal
processing such as phased addition processing to ultrasonic
echo signals. The transmission beamformer 3 and control
section 8 represent an exemplary embodiment of the trans-
mission control section in the present invention. The trans-
mission control function represents an exemplary embodi-
ment of the transmission control function in the present
invention.

[0035] The echo data processing section 4 comprises a
B-mode processing section 41, a velocity-of-propagation cal-
culating section 42, an elasticity-value calculating section 43,
and an evaluating section 44, as shown in FIG. 2. The B-mode
processing section 41 applies B-mode processing such as
logarithmic compression processing and envelope detection
processing to echo data output from the T/R beamformer 3,
and creates B-mode data.

[0036] The velocity-of-propagation calculating section 42
calculates a velocity of propagation of the shear waves based
on echo data of the ultrasonic detecting pulses output from the
T/R beamformer 3 (velocity-of-propagation calculating func-
tion). The elasticity-value calculating section 43 calculates an
elasticity value of the biological tissue to which a push pulse
is transmitted based on the velocity of propagation (elasticity-
value calculating function). Details thereof will be discussed
later. The velocity-of-propagation calculating function and
elasticity-value calculating function represent an exemplary
embodiment of the measurement-value calculating function
in the present invention. The velocity of propagation and
elasticity value represent an exemplary embodiment of the
measurement value regarding elasticity of biological tissue in
the present invention.
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[0037] TItshould be noted that only the velocity of propaga-
tion may be calculated without necessarily calculating the
elasticity value. Data of the velocity of propagation or data of
the elasticity value will be referred to herein as elasticity data.
[0038] The evaluating section 44 evaluates an impact of an
inhibiting factor intercepting propagation of the shear waves
toward a region of interest defined in a B-mode image on
image quality of the elasticity image, which will be discussed
later. The evaluating section 44 evaluates an impact of the
inhibiting factor on image quality of the elasticity image
based on the B-mode data or B-mode image data discussed
later. Details thereof will be discussed later.

[0039] The display processing section 5 comprises an
image display processing section 51 and a region-of-interest
defining section 52, as shown in FIG. 3. The image display
processing section 51 scan-converts the B-mode data by a
scan converter to create B-mode image data, based on which
a B-mode image is displayed in the display section 6. The
image display processing section 51 also scan-converts the
elasticity data by the scan converter to create elasticity image
data, based on which an elasticity image is displayed in the
display section 6. The image display processing section 51
represents an exemplary embodiment of the image display
processing section in the present invention. The image dis-
play processing functions described above by the image dis-
play processing section 51 represent an exemplary embodi-
ment of the image display processing function in the present
invention.

[0040] As shown in FIG. 4, the elasticity image EI is a
two-dimensional image displayed within a region of interest
R defined in the B-mode image BI. The elasticity image E1 is
a color image having colors according to the velocity of
propagation or the elasticity value. The image display pro-
cessing section 51 combines the B-mode image data and
elasticity image data together to create combined image data,
based on which an image is displayed in the display section 6.
Therefore, the elasticity image El is a semi-transparent image
through which the B-mode image BI in the background is
allowed to pass.

[0041] The region of interest R is defined by the region-of-
interest defining section 52. More specifically, the region-of-
interest defining section 52 defines the region of interest R
based on an input by an operator at the operating section 7.
The region of interest R is a region to/from which the ultra-
sonic detecting pulses are transmitted/received. The region of
interest R represents an exemplary embodiment of the portion
for which elasticity is to be measured in the biological tissue.
[0042] The display section 6 is an LCD (Liquid Crystal
Display), an organic EL (Electro-Luminescence) display, or
the like. The operating section 7 is configured to comprise a
keyboard for allowing an operator to input a command and/or
information, a pointing device such as a trackball, and the
like, although not particularly shown.

[0043] The control section 8 is a processor such as a CPU
(Central Processing Unit). The control section 8 loads thereon
aprogram stored in the storage section 9 and controls several
sections in the ultrasonic diagnostic apparatus 1. For
example, the control section 8 loads thereon a program stored
in the storage section 9 and executes functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 by the loaded program.

[0044] The control section 8 may execute all of the func-
tions of the T/R beamformer 3, all of the functions of the echo
data processing section 4, and all of the functions of the
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display processing section 5 by the program, or execute only
some of the functions by the program. In case that the control
section 8 executes only some of the functions, the remaining
functions may be executed by hardware such as circuitry.
[0045] It should be noted that the functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 may be implemented by hardware such
as circuitry.

[0046] The storage section 9 is an HDD (Hard Disk Drive),
and/or a semiconductor memory such as a RAM (Random
Access Memory) and/or a ROM (Read-Only Memory).
[0047] Next, an operation ofthe ultrasonic diagnostic appa-
ratus 1 in the present embodiment will be described. Accord-
ing to the ultrasonic diagnosis apparatus 1 in the present
embodiment, an elasticity image El is displayed in a region of
interest R defined in a B-mode image BI. The elasticity image
El is displayed by transmitting a push pulse and ultrasonic
detecting pulses.

[0048] In the present embodiment, a transmission position
to which a push pulse is to be transmitted is determined before
displaying the elasticity image EI. The determination of a
transmission position to which a push pulse is to be transmit-
ted will now be explained based on a flow chart in FIG. 5.
First, at Step S1, an operator conducts transmission/reception
of ultrasound for a B mode to a subject, and displays a
B-mode image Bl based on echo signals, as shown in FIG. 6.
The operator then defines a region of interest R in the B-mode
image BI. The region of interest R is defined in an area for
which an elasticity image is desired to be displayed.

[0049] Next, at Step S2, the evaluating section calculates
brightness information for regions rrl, rr2 in the B-mode
image BI, as shown in FIG. 7. In the present embodiment, the
brightness information is a mean brightness for each of the
regions rrl, rr2. As shown in FIG. 8, the region rrl includes an
area in biological tissue T in the subject to which a push pulse
PP1 is to be transmitted. The region rr2 includes an area to
which a push pulse PP2 is to be transmitted.

[0050] The positions of the push pulses PP1, PP2 are deter-
mined based ona region of interest R once it has been defined.
In the present embodiment, the positions of the push pulses
PP1, PP2 lie on both sides of the region of interest R in a
direction (transverse direction) intersecting a depth direction
(acoustic line direction). The evaluating section 44 defines the
region rrl based on the transmission position to which the
push pulse PP1 is to be transmitted thus determined based on
the region of interest R. Likewise, the evaluating section 44
defines the region rr2 based on the transmission position to
which the push pulse PP2 is to be transmitted determined
based on the region of interest R. The positions of the regions
rrl, rr2 also lie on both sides of the region of interest R in the
transverse direction. The regions rrl, rr2 represent an exem-
plary embodiment of the predefined region in the present
invention.

[0051] The regions rrl, rr2 may each lie at a position
defined beforehand in an area to which a respective one of the
push pulses PP1, PP2 is to be transmitted so that the position
includes the area to which the respective one of the push
pulses PP1, PP2 is to be transmitted in the biological tissue T.
The positions of the regions rrl, rr2 shown in FIG. 8 are
provided by way of example, and their positions are not
limited thereto. For example, the regions rrl, rr2 may each lie
ataposition including the whole area through which the shear
waves propagate from the respective one of the push pulses
PP1, PP2 to the region of interest R, as shown in FIG. 9. Tt
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should be noted that the shear waves propagate from the push
pulses PP1, PP2 in the transverse direction (in directions
indicated by arrows A in FIG. 9). While in FIG. 8, there is a
gap between each of the regions rrl, rr2 and the region of
interest R in the transverse direction, no gap is present in FIG.
9 between each of the regions rrl, rr2 and the region of
interest R in the transverse direction.

[0052] The evaluating section 44 may calculate a mean
brightness for each of the regions rrl, rr2 based on the
B-mode image data. The evaluating section 44 may also cal-
culate a mean brightness for each of the regions rrl, rr2 based
on B-mode data, which is the data before being scan-con-
verted into B-mode image data. In other words, a mean
brightness for each of the regions rrl, rr2 is a mean value of
data values of the B-mode image data or of the B-mode data
in each of the regions rrl, rr2. The B-mode image data and
B-mode data represent an exemplary embodiment of the data
indicating brightness for a predefined region in a B-mode
image.

[0053] Next, at Step S3, the evaluating section 44 compare
brightness information for the region rrl, i.e., the mean
brightness for the region rrl, with brightness information for
the region rr2, i.e., the mean brightness for the regionrr2. The
evaluating section 44 then chooses the transmission position
to which a push pulse is to be transmitted that corresponds to
one of the regions rrl, rr2 having a higher mean brightness.
For example, when the mean brightness for the region rrl is
higher than that for the region rr2, the evaluating section 44
chooses the transmission position to which the push pulse
PP1 is to be transmitted.

[0054] Now let us explain a reason why the transmission
position to which a push pulse is to be transmitted is chosen
based on the mean brightness. When an inhibiting factor
intercepting propagation of ultrasound or shear waves, such
as abone, a cyst, or air, lies in an area to which the push pulse
PP is transmitted and/or in a propagation path of shear waves
from the push pulse PP to the region of interest R, propagation
of the shear waves toward the region of interest R is inter-
cepted. As used herein, the phrase “propagation of the shear
waves toward the region of interest R is intercepted ” implies
a phenomenon that no shear wave reaches the region of inter-
est R, and a phenomenon that shear waves propagating
toward the region of interest R undergo refraction or the like.
For example, when a bone B lies in an area to which the push
pulse PP2 is transmitted in the biological tissue T as shown in
FIG. 10, the push pulse PP2 will not reach deeper than the
bone B in the ultrasound acoustic line direction. Since shear
waves are generated by a push pulse, no shear wave will be
generated from a portion reached by no push pulse. There-
fore, no shear wave reaches the region of interest R.

[0055] When a cyst C lies in a propagation path of shear
waves from the push pulse PP to the region of interest R, as
shown in FIG. 11, the shear waves undergo refraction or the
like at the cyst C.

[0056] The refraction experienced by the shear waves
propagating toward the region of interest R may adversely
affect measurement of the velocity of propagation of the shear
waves to thereby prevent production of an elasticity image in
which the elasticity of biological tissue is more accurately
reflected. Moreover, when no shear wave propagates toward
theregion of interestR as described above, an elasticity image
in which the elasticity of biological tissue is more accurately
reflected cannot be obtained. The inhibiting factor intercept-
ing propagation of shear waves toward the region of interest R
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as used herein refers to any factor causing degradation of
image quality of an elasticity image. The image quality of an
elasticity image implies how accurately elasticity of biologi-
cal tissue is reflected.

[0057] Furthermore, in case that a portion in a ultrasound
transmission/reception plane of the ultrasonic probe 2 from
whicha push pulse is transmitted is in loose or no contact with
the body surface of the subject, no push pulse will propagate
the inside of the biological tissue. Therefore, the inhibiting
factor for shear waves toward the region of interest R include
the event that the ultrasonic probe 2 is in loose or no contact
with the body surface.

[0058] When the push pulse does not reach deeper than a
bone, B-mode imaging ultrasound also does not reach deeper
than the bone, and therefore, the brightness in a portion
deeper than the bone in a B-mode image in the ultrasound
acoustic line direction lowers as compared with surrounding
portions. Similarly, the brightness of a portion in which a cyst
or air lies in the B-mode image lowers as compared with
surrounding portions. When a portion in a ultrasound trans-
mission/reception plane of the ultrasonic probe 2 from which
a push pulse is transmitted is in loose or no contact with the
body surface of the subject, B-mode imaging ultrasound also
does not propagate the inside of the biological tissue from the
loosely or non contacting portion. Therefore, the brightness
in a portion below the loosely or non contacting portion in the
B-mode image in the acoustic line direction lowers as com-
pared with surrounding portions.

[0059] When the inhibiting factor is thus present, a mean
brightness for the region rrl or rr2 lowers. Therefore, the
evaluating section 44 evaluates an impact of the inhibiting
factor on image quality of the elasticity image by comparing
the mean brightness for the region rrl with that for the region
rr2. Specifically, when a push pulse is transmitted to a posi-
tion corresponding to a region having a lower mean bright-
ness, propagation of shear waves toward the region of interest
R may be probably intercepted by the inhibiting factor to
degrade image quality of an elasticity image; thus, the evalu-
ating section 44 chooses a fransmission position to which a
push pulse is to be transmitted corresponding to a region
having a higher mean brightness. Therefore, the transmission
positionis such a position that degradation of image quality of
the elasticity image by the inhibiting factor may be restrained.
[0060] Once a transmission position to which a push pulse
is to be transmitted has been chosen by the evaluating section
44 at Step S3 described above, the push pulse is transmitted to
that position. Then, transmission/reception of ultrasonic
detecting pulses for detecting shear waves generated by the
push pulse is performed. Based on echo signals of the ultra-
sonic detecting pulses, the velocity of propagation of the
shear waves and the elasticity value for the biological tissue
are calculated and an elasticity image EI is displayed in the
region of interest R (see FIG. 4).

[0061] According to the embodiment described above,
since a push pulse is transmitted to a position corresponding
to one of the regions rrl, rr2 having a higher mean brightness,
the push pulse may be transmitted so that propagation of shear
waves toward the region of interest R would not be inter-
cepted. Thus, an elasticity image in which the elasticity of
biological tissue is more accurately reflected may be dis-
played.

[0062] Next, a variation of the first embodiment will be
described. The brightness information calculated at Step S2
may be the degree of dispersion of brightness in each of the
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regions rrl, rr2. The evaluating section 44 calculates a degree
of dispersion of data values of the B-mode image data or
B-mode data in the region rrl and a degree of dispersion of
data values of the B-mode image data or the B-mode data in
the region rr2. The degree of dispersion is a standard devia-
tion, a variance or a coefficient of variation.

[0063] At Step S3 described above, the evaluating section
44 compares the degree of dispersion of brightness in the
region rrl with that in the region rr2. The evaluating section
44 chooses a transmission position to which a push pulse is to
be transmitted corresponding to one of the regions rrl and rr2
having a lower degree of dispersion of brightness.

[0064] Now let us explain a reason why the transmission
position to which a push pulse is to be transmitted corre-
sponding to one of the regions rrl and rr2 having a lower
degree of dispersion of brightness is chosen. When an inhib-
iting factor intercepting propagation of shear waves is present
and a portion with lowered brightness exists in the regions rr1,
rr2 in a B-mode image, the degree of dispersion of brightness
increases in the regions rrl, rr2. Accordingly, the evaluating
section 44 chooses a transmission position to which a push
pulse is to be transmitted corresponding to a region having a
lower degree of dispersion of brightness.

[0065] Next, asecond embodiment will be described. Since
the configuration of the ultrasonic diagnosis apparatus in the
present embodiment is identical to that of the first embodi-
ment, determination of a transmission position to which a
push pulse is to be transmitted will be described based on a
flow chart in FIG. 12.

[0066] First, at Step S11, a B-mode image Bl is displayed
and a region of interest R is defined, as in Step S1 described
earlier. Next, at Step S12, the evaluating section 44 calculates
brightness information for a region rr in the B-mode image BI
shown in FIG. 13. The brightness information is a mean
brightness for the region rr. Similarly to the regions rrl, rr2,
the region rr includes an area to which a push pulse is to be
transmitted. The region rr shown in FIG. 13 is provided by
way of example, and the region rr may be defined so that no
gap is present between the region rr and region of interest R,
as shown in FIG. 14.

[0067] The mean brightness for the region rr is a mean
value of data values of B-mode image data or B-mode data in
the region rr again in the present embodiment.

[0068] Next, at Step S13, the evaluating section 44 evalu-
ates an impact of the inhibiting factor on image quality of an
elasticity image by deciding whether the brightness informa-
tion for the region rr meets predefined criteria or not to evalu-
ate whether or not the transmission position to which a push
pulse is to be transmitted corresponding to the region 1r is
appropriate. In particular, the evaluating section 44 compares
a mean brightness Br in the region rr with a threshold Brth,
and decides whether Br>Brth (the predefined criteria) is sat-
isfied or not. The threshold Brth is set to such a value that
degradation of image quality of the elasticity image by the
inhibiting factor probably cannot be restrained because of a
low mean brightness for the region rr.

[0069] When Br>Brth, the evaluating section 44 evaluates
that degradation of image quality of the elasticity image by
the inhibiting factor can be restrained and the transmission
position to which a push pulse is to be transmitted is appro-
priate (“YES” at Step S13). On the other hand, when
Br<=Brth, the evaluating section 44 evaluates that degrada-
tion of image quality of the elasticity image by the inhibiting
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factor cannot be restrained and the transmission position to
which a push pulse is to be transmitted is not appropriate
(“NO” at Step S13).

[0070] When the transmission position to which a push
pulse is to be transmitted is decided not to be appropriate at
Step S13, the flow goes to processing at Step S14. At Step
S14, the control section 44 modifies the transmission position
to which a push pulse is to be transmitted. The evaluating
section 44 newly defines a region rr according to the modified
transmission position to which a push pulse is to be transmit-
ted. Specifically, the evaluating section 44 newly defines a
region rr including an area to which a modified push pulse is
to be transmitted.

[0071] Once the region rr has been newly defined at Step
S14, the flow goes back to processing of Step S12, and a mean
brightness is calculated for the newly defined region rr.
[0072] On the other hand, the transmission position to
which a push pulse is to be transmitted is decided to be
appropriate at Step S13, the evaluating section 44 fixes the
transmission position decided to be appropriate at Step S13 as
transmission position for a push pulse transmitted to the sub-
ject at Step S15. At Step S15, once the transmission position
to which a push pulse is to be transmitted has been fixed, a
push pulse is transmitted to that position and transmission/
reception of the ultrasonic detecting pulses is performed, as in
Step S4 described earlier. The elasticity image EI is then
displayed.

[0073] According to the embodiment described above,
when the condition Br>Brth is not satisfied, the transmission
position to which a push pulse is to be transmitted is modified
at Step S14. Then, a push pulse is transmitted to the transmis-
sion position corresponding to the region rr satisfying the
condition Brth<Br, and thus, the push pulse may be transmit-
ted so that propagation of shear waves toward the region of
interest R would not be intercepted. Thus, an elasticity image
in which the elasticity of biological tissue is more accurately
reflected may be displayed.

[0074] Next, a variation of the second embodiment will be
described. Similarly to the variation of the first embodiment,
the brightness information calculated at Step S12 described
above may be the degree of dispersion of brightness in the
region rr. In this case, the evaluating section 44 compares the
degree of dispersion D in the region rr with a threshold Dth
and decides whether D<Dth or not at Step S13. The presence
of an area having a low brightness in the region rr results in a
higher degree of dispersion. Accordingly, the threshold Dth is
set to such a value that degradation of image quality of an
elasticity image by the inhibiting factor probably cannot be
restrained because an area having a low brightness is present
in the region rr.

[0075] When D<Dth, the evaluating section 44 decides that
the transmission position to which a push pulse is to be
transmitted is appropriate. On the other hand, when D>=Dth,
the evaluating section 44 decides that the transmission posi-
tion to which a push pulse is to be transmitted is not appro-
priate.

[0076] Next, a second variation will be described based on
a flow chart in FIG. 15. In the flow chart in FIG. 15, explana-
tion of the same processing as that in FIG. 12 will be omitted.
In the flow chart in FIG. 15, the evaluating section 44 detects
movement of a portion corresponding to the region rr in the
biological tissue based on B-mode image data or B-mode data
at Step S12". The evaluating section 44 performs the detection
of movement by performing a correlation calculation, for

Dec. 3, 2015

example, on B-mode image data or B-mode data in two tem-
porally different frames for the same cross-sectional plane.
[0077] In case that a portion corresponding to the region rr
in the biological tissue is moving due to heartbeats, etc. and a
push pulse is transmitted to such a region rr, the movement of
the biological tissue affects propagation of shear waves. Con-
sequently, image quality of the elasticity image may be
degraded. Accordingly, in case that any movement is detected
at Step S12', the evaluating section 44 decides at Step S13 that
the transmission position to which a push pulse is to be
transmitted is not an appropriate position for restraining deg-
radation of image quality of the elasticity image. On the other
hand, in case that no movement is detected at Step S 12', the
evaluating section 44 decides that the transmission position to
which a push pulse is to be transmitted is appropriate at Step
S13.

[0078] Next, a third variation will be described. In the third
variation, a plurality of the push pulses are transmitted to
different positions, and elasticity image data created based on
echo signals of detecting pulses corresponding to each push
pulse is summed up to create elasticity image data in one
frame.

[0079] For example, after a push pulse PP1 has been trans-
mitted as shown in FIG. 16, transmission/reception of ultra-
sonic detecting pulses (not shown) for detecting shear waves
generated by the push pulse PP1 is performed. Thereafter, as
shown in FIG. 17, a push pulse PP2 is transmitted and trans-
mission/reception of ultrasonic detecting pulses (not shown)
for detecting shear waves generated by the push pulse PP2 is
performed. Then, elasticity image data in one frame is created
by summing up elasticity image data in one frame created
based on echo signals of the ultrasonic detecting pulses cor-
responding to the push pulse PP1 and elasticity image data in
one frame created based on echo signals of the ultrasonic
detecting pulses corresponding to the push pulse PP2.
[0080] In the third variation as described above, fixing of
the transmission positions for the push pulses PP1, PP2 is
achieved as in the flow chart in FIG. 12 or 15 described above.
Specifically, the processing in the flow chart in FIG. 12 or 15
is applied to each of the push pulses PP1, PP2 to fix their
transmission positions.

[0081] In case that the transmission position for one of the
push pulses PP1, PP2 is decided not to be appropriate at Step
S13 described above, transmission of the push pulse to the
position decided not to be appropriate may be omitted. In this
case, a push pulse for which the transmission position is
decided to be appropriate is transmitted and transmission/
reception of ultrasonic detecting pulses for shear waves gen-
erated by the push pulse is performed for one frame to create
elasticity image data in one frame. Moreover, transmission/
reception of ultrasonic detecting pulses corresponding to a
push pulse for which the transmission position is decided to
be appropriate may be performed for two frames, and elas-
ticity image data in the two frames may be summed up to
create elasticity image data in one frame.

[0082] Alternatively, as shown in FIGS. 18 and 19, it is
possible to divide the region of interest R into a first region of
interest R1 and a second region of interest R2, and transmit
the push pulses PP1, PP2 to both sides of each of the first and
second regions of interest R1, R2. FIGS. 18 and 19 show a
case in which the push pulses PP1, PP2 are transmitted to both
sides of the first region of interest R1.

[0083] In this case, elasticity image data for the region of
interest R in one frame is created based on elasticity image
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data for the first region of interest R1 in one frame created
based on echo signals of ultrasonic detecting pulses corre-
sponding to each of the push pulses PP1, PP2 transmitted to
both sides of the first region of interest R1 and elasticity
image data for the second region of interest R2 in one frame
created based on echo signals of ultrasonic detecting pulses
corresponding to each of the push pulses PP1, PP2 transmit-
ted to both sides of the second region of interest R2.

[0084] Next, a fourth variation will be described. In the
present variation, it is assumed that the push pulses are trans-
mitted to the same position. Fixing of the push pulses in the
present variation will be described based on a flow chart in
FIG. 20.

[0085] First, at Step 21, a B-mode image BI is displayed
and a region of interest R is defined, as in Steps S1, S11
described earlier. Next, at Step S22, the evaluating section 44
calculates brightness information for a region rr in the
B-mode image BI (see FIG. 13). The brightness information
may be the mean brightness for the region rr or the degree of
dispersion of brightness in the region rr.

[0086] Next, at Step S23, the evaluating section 44 evalu-
ates whether degradation of image quality of an elasticity
image by the inhibiting factor can be restrained or not by
deciding whether the brightness information for the region rr
meets predefined criteria or not to evaluate whether the beam
profile of the push pulse corresponding to the region rr is
appropriate or not. The decision by the evaluating section 44
whether the brightness information for the region rr meets
predefined criteria or not is similar to that described earlier,
which is based on the mean brightness Br or the degree of
dispersion D for the region rr.

[0087] Inthe present variation, when Br>Brth, the evaluat-
ing section 44 decides that the beam profile of the push pulse
is appropriate (“YES” at Step S23). On the other hand, when
Br<=Brth, the evaluating section 44 decides that the beam
profile of the push pulse is not appropriate (“NO” at Step
S23). Alternatively, when D<Dth, the evaluating section 44
decides that the beam profile of the push pulse is appropriate.
On the other hand, when D>=Dth, the evaluating section 44
decides that the beam profile of the push pulse is not appro-
priate.

[0088] The beam profile of the push pulse is, for example,
awidth of a transmission aperture for a push pulse. When the
beam profile is decided not to be appropriate at Step S23, the
flow goes to processing at Step S24. At Step S24, the control
section 8 modifies the beam profile of the push pulse to an
appropriate one. In particular, the beam profile is modified to
such one that propagation of the push pulse by the inhibiting
factor would not be intercepted. Here, the width of the trans-
mission aperture for a push pulse is modified.

[0089] Forexample, as shown in FIG. 21, awidth W1 ofthe
transmission aperture for the push pulse PP1 indicated by a
dot-dash line is reduced to a width W2 of the transmission
aperture for the push pulse PP2 indicated by a solid line. The
push pulse PP2 has a beam profile such that it avoids the bone
B in the biological tissue T.

[0090] It should be noted that the width of the transmission
aperture is reduced by reducing the number of ultrasonic
vibrators for use in transmission of a push pulse.

[0091] For example, as shown in FIG. 22, the width W2 of
the transmission aperture may be determined based on a
width rrw of a portion in which the brightness of the B-mode
image BI is lower than a certain value in the region rr.
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[0092] Incase that the beam profile is decided to be appro-
priate at Step S23 (“YES” at Step S23) and in case that the
beam profile is modified at Step S24, the flow goes to pro-
cessing at Step S25. At Step S25, the beam profile decided to
be appropriate at Step S23 or the beam profile modified at
Step S24 is fixed as beam profile of a push pulse to be trans-
mitted to the subject. The push pulse in the fixed beam profile
is then transmitted and an elasticity image is displayed.
[0093] At Step S23 described above, a decision may be
made as to whether the beam direction of a push pulse (acous-
tic line direction), in place of the beam profile of a push pulse,
is appropriate or not. In this case, the control section 8 modi-
fies the beam direction of a push pulse to an appropriate one
at Step S24. Here, the beam direction is modified to such one
that propagation of the push pulse by the inhibiting factor
would not be intercepted. For example, as shown in FIG. 23,
the beam direction of the push pulse PP1 indicated by a
dot-dash line is modified to that of the push pulse PP2 indi-
cated by a solid line. The push pulse PP2 has a beam direction
such that it avoids a cyst in the biological tissue T.

[0094] Alternatively, at Step S23, a decision may be made
as to whether both the beam profile and beam direction of a
push pulse are appropriate or not. In this case, both the beam
profile and beam direction of a push pulse are modified to
appropriate ones at Step S24.

[0095] While the present invention has been described with
reference to the embodiments, it will be easily recognized that
the present invention may be practiced with several modifi-
cations without departing from the spirit and scope thereof.
For example, in the second embodiment, instead of compar-
ing the mean brightness Br for the region rr with the threshold
Brth and deciding whether Br>Brth or not, the evaluating
section 44 may compare the mean brightness Br for the region
rr with thresholds Brthl, Brth2 (Brth1<Brth2) and decide
whether Brth1<Br<Brth2 or not. In this case, when
Brth1<Br<Brth2, degradation of image quality of the elastic-
ity image by the inhibiting factor may be restrained. The
threshold Brthl is set to such a value that degradation of
image quality of an elasticity image by the inhibiting factor
probably cannot be restrained because of a low brightness of
the region rr. The threshold Brth2 is set to such a value that
degradation of image quality of an elasticity image by the
inhibiting factor probably cannot be restrained because of a
high brightness of the region rr. It should be noted that the
surface of a bone has a higher brightness in a B-mode image.
[0096] Moreover, in the second embodiment, instead of
comparing the degree of dispersion D in the region rr with a
threshold Dth and deciding whether D<Dth or not, the evalu-
ating section 44 may decide whether Dth1<D<Dth2 or not. In
this case, when Dth1<D<Dth2, degradation of image quality
of the elasticity image by the inhibiting factor may be
restrained. For example, in case that the region rr has uni-
formly or mostly low brightness, the degree of dispersion
lowers. Accordingly, Dthl is set to such a value that degrada-
tion of image quality of an elasticity image by the inhibiting
factor probably cannot be restrained because an area having a
low brightness is present in the region rr. Dth2 may be the
same as Dth described earlier.

[0097] Furthermore, while the region of interest R is an
example of the portion for which elasticity is to be measured
in the present invention, the portion for which elasticity is to
be measured in the present invention may be a point.

[0098] This written description uses examples to disclose
the invention, including the preferred embodiments, and also
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to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and pet-
forming any incorporated methods. The patentable scope of
the invention is defined by the claims, and may include other
examples that occur to 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, orifthey include equivalent structural
elements with insubstantial differences from the literal lan-
guages of the claims.
What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:
a processor configured to:
control transmission of an ultrasonic push pulse to bio-
logical tissue in a subject, transmission of a plurality
of ultrasonic detecting pulses for detecting shear
waves generated in said biological tissue by said push
pulse, and transmission of ultrasound for producing a
B-mode image for said biological tissue,

calculate a measurement value regarding elasticity of
said biological tissue in a portion for which elasticity
is to be measured in said biological tissue based on
echo signals of said ultrasonic detecting pulses, and

evaluate an impact of an inhibiting factor intercepting
propagation of said shear waves toward said portion
for which elasticity is to be measured on image qual-
ity of an elasticity image based on data indicating
brightness for a predefined region in said B-mode
image; and

an image display configured to display said B-mode image
and said elasticity image,

wherein said push pulse is transmitted to such a position
that degradation of image quality of said elasticity image
by said inhibiting factor is restrained based on said
evaluation.

2. The ultrasonic diagnosis apparatus according to claim 1,

wherein:

a plurality of said predefined regions are defined at posi-
tions each corresponding to a transmission position to
which each respective one of a plurality of said push
pulses is to be transmitted,

said evaluation comprises comparing brightness informa-
tion among the plurality of said predefined regions, and
choosing a transmission position to which a push pulse
is to be transmitted corresponding to one of the plurality
of said predefined regions in which degradation of image
quality of said elasticity image by said inhibiting factor
may be restrained more, and

said push pulse is transmitted to the transmission position
chosen by said evaluation.

3. The ultrasonic diagnosis apparatus as recited in claim 2,

wherein:

said brightness information for said predefined region is a
mean brightness for said predefined region, and

said evaluation comprises comparing the mean brightness
among the plurality of said predefined regions and
choosing a transmission position to which a push pulse
is to be transmitted corresponding to a predefined region
having the highest mean brightness.

4. The ultrasonic diagnosis apparatus as recited in claim 2,

wherein:

said brightness information for said predefined region is a
degree of dispersion of brightness in said predefined
region, and
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said evaluation comprises comparing said degree of dis-
persion among the plurality of said predefined regions
and choosing a transmission position to which a push
pulse is to be transmitted corresponding to a predefined
region having the lowest degree of dispersion.
5. The ultrasonic diagnosis apparatus as recited in claim 1,
wherein:
said predefined region is defined at a position correspond-
ing to said transmission position to which a push pulse is
to be transmitted,
said evaluation comprises deciding whether said bright-
ness information for said predefined region meets pre-
defined criteria or not to evaluate whether or not a trans-
mission position to which a push pulse is to be
transmitted corresponding to said predefined region is
an appropriate one for restraining degradation of image
quality of said elasticity image by said inhibiting factor,
and
said push pulse is transmitted to a transmission position
evaluated to be appropriate by said evaluation.
6. The ultrasonic diagnosis apparatus as recited in claim 5,
wherein:
said brightness information for said predefined region is a
mean brightness for said predefined region, and
said evaluation comprises comparing a mean brightness for
said predefined region with a threshold and deciding
whether said predefined criteria is met or not to evaluate
whether the transmission position to which a push pulse
is to be transmitted corresponding to said predefined
region is appropriate or not.
7. The ultrasonic diagnosis apparatus as recited in claim 5,
wherein:
said brightness information for said predefined region is a
degree of dispersion of brightness in said predefined
region, and
said evaluation comprises comparing a degree of disper-
sion in said predefined region with a threshold and
deciding whether said predefined criteria is met or not to
evaluate whether the transmission position to which a
push pulse is to be transmitted corresponding to said
predefined region is appropriate or not.
8. The ultrasonic diagnosis apparatus as recited in claim 1,
wherein:
said predefined region is defined at a position correspond-
ing to said transmission position to which a push pulse is
to be transmitted,
said evaluation comprises detecting movement of a portion
corresponding to said predefined region in said biologi-
cal tissue based on data indicating brightness for said
predefined region in said B-mode image to evaluate
whether or not a transmission position to which a push
pulse is to be transmitted corresponding to said pre-
defined region is an appropriate one for restraining deg-
radation of image quality of said elasticity image by said
inhibiting factor, and
said push pulse is transmitted to a transmission position
evaluated to be appropriate by said evaluation.
9. The ultrasonic diagnosis apparatus as recited in claim 1,
wherein:
said predefined region is defined at a position correspond-
ing to said transmission position to which a push pulse is
to be transmitted,
said evaluation comprises deciding whether said bright-
ness information for said predefined region meets pre-
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defined criteria or not to evaluate whether or not a beam
profile and/or a beam direction for a push pulse corre-
sponding to said predefined region is an appropriate one
forrestraining degradation of image quality of said elas-
ticity image by said inhibiting factor, and

said push pulse is transmitted in a beam profile and/or a

beam direction evaluated to be appropriate by said
evaluation.

10. The ultrasonic diagnosis apparatus as recited in claim 9,
wherein:

said brightness information for said predefined region is a

mean brightness for said predefined region, and

said evaluation comprises comparing a mean brightness for

said predefined region with a threshold and deciding
whether said predefined criteria is met or not to evaluate
whether the beam profile and/or beam direction of a
push pulse corresponding to said predefined region is
appropriate or not.

11. The ultrasonic diagnosis apparatus as recited in claim 9,
wherein:

said brightness information for said predefined region is a

degree of dispersion of brightness in said predefined
region, and

said evaluation comprises comparing said degree of dis-

persion in said predefined region with a threshold and
deciding said predefined criteria is met or not to evaluate
whether the beam profile and/or beam direction of a
push pulse corresponding to said predefined region is
appropriate or not.

12. The ultrasonic diagnosis apparatus as recited inclaim 9,
wherein said beam profile is a width of a transmission aper-
ture for said push pulse.

13. The ultrasonic diagnosis apparatus as recited inclaim 1,
wherein said predefined region includes an area to which said
push pulse is to be transmitted.

14. The ultrasonic diagnosis apparatus as recited inclaim 1,
wherein said predefined region includes an area through
which said shear waves propagate toward said portion for
which elasticity is to be measured.

15. An ultrasonic diagnosis apparatus comprising;

a transmission controller configured to control transmis-

sion of an ultrasonic push pulse to biological tissue in a
subject, transmission of a plurality of ultrasonic detect-

Dec. 3, 2015

ing pulses for detecting shear waves generated in said
biological tissue by said push pulse, and transmission of
ultrasound for producing a B-mode image for said bio-
logical tissue;

a measurement-value calculator configured to calculate a
measurement value regarding elasticity of said biologi-
cal tissue in a portion for which elasticity is to be mea-
sured in said biological tissue based on echo signals of
said ultrasonic detecting pulses;

an evaluator configured to evaluate an impact of an inhib-
iting factor intercepting propagation of said shear waves
toward said portion for which elasticity is to be mea-
sured on image quality of an elasticity image based on
data indicating brightness for a predefined region in said
B-mode image; and

an image display configured to display said B-mode image
and said elasticity image,

wherein said transmission controller transmits said push
pulse to such a position that degradation of image quality
of said elasticity image by said inhibiting factor is
restrained based on an evaluation by said evaluator.

16. A method for ultrasonic imaging, the method compris-

ing:

controlling transmission of an ultrasonic push pulse to
biological tissue in a subject, transmission of a plurality
of ultrasonic detecting pulses for detecting shear waves
generated in said biological tissue by said push pulse,
and transmission of ultrasound for producing a B-mode
image for said biological tissue;

calculating a measurement value regarding elasticity of
said biological tissue in a portion for which elasticity is
to be measured in said biological tissue based on echo
signals of said ultrasonic detecting pulses; and

evaluating an impact of an inhibiting factor intercepting
propagation of said shear waves toward said portion for
which elasticity is to be measured on image quality of an
elasticity image based on data indicating brightness for
a predefined region in said B-mode image,

wherein said push pulse is transmitted to such a position
that degradation of image quality of said elasticity image
by said inhibiting factor is restrained based on said
evaluation.
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