US 20150216508A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0216508 A1

TWAMA et al. 43) Pub. Date: Aug. 6, 2015
(54) ULTRASOUND DIAGNOSIS APPARATUS AND Publication Classification
IMAGE PROCESSING METHOD
(51) Int.Cl
(71)  Applicants:Kabushiki Kaisha Toshiba, Minato-ku A61B 8/08 (2006.01)
(JP); Toshiba Medical Systems A61B 8/00 (2006.01)
Corporation, Otawara-shi (JP) (52) US.CL
. ) CPC .o, A61B 8/485 (2013.01); A61B 8/481
(72) Inventors: Nobuyuki INAMA, Nasushloba(ra SJ P); (2013.01); A61B 8/5207 (2013.01); A61B 8/54
Hironobu HONGOU, Otawara (JP); (2013.01); A61B 8/465 (2013.01)
Isao UCHIUMI, Nasushiobara (JP);
Koichi MORIKAWA, Nasushiobara
(IP); Yasuo MIYAJIMA, Utsunomiya (57) ABSTRACT
(JP); Takatoshi OKUMURA, Yaita (JP)
. . . . An ultrasound diagnosis apparatus includes a transmitting
(73)  Assignees: Kabushlk? Kalsha'Toshlba, Minato-ku and receiving circuitry, an input circuitry, and a processing
(IP); T"Sh_Iba Medical Systems circuitry. The transmitting and receiving circuitry transmits a
Corporation, Otawara-shi (IP) first ultrasound wave used for changing the shape of a tissue
21} Apol. No.: 14/690.023 in the body of a patient and transmits/receives a second ultra-
(21) Appl.-No ’ sound wave that is transmitted/received with timing different
(22) Filed: Apr. 17, 2015 from that of the first ultrasound wave. The input circuitry
L. receives an input of a request indicating that the first ultra-
Related U.S. Application Data sound wave should be transmitted. When the input circuitry
(63) Continuation of application No. PCT/JP2013/078387, has received the input of the request indicating that the first
filed on Oct. 18, 2013. ultrasound wave should be transmitted, the processing cir-
cuitry controls the transmission of the first ultrasound wave in
(30) Foreign Application Priority Data accordance with the strength of a reflected-wave signal of the
second ultrasound wave or one or more pixel values of an
Oct. 19,2012 (JP) covoreericevrccrcernne 2012-232019 image resulting from an imaging process performed by using
Oct. 18,2013 (JP) e 2013-217854 the reflected-wave signal of the second ultrasound wave.
(10
APPARATUS MAIN BODY
2
12 MONITOR
| B-MODE || 3
PROCESSING UNIT $
13 INPUT
g UNIT
DOPPLER | | 14
P |PROCESSING UNIT ﬁ
1 11 | |IMAGE GENERATING
§ § UNIT
ULTRASOUND TRANSMITTING AND 15
PROBE RECEIVING UNIT $
— IMAGE MEMORY
16
| [ INTERNAL
A7 STORAGE UNIT
CONTROLLING
UNIT




US 2015/0216508 A1

Aug. 6,2015 Sheet 1 of 10

Patent Application Publication

4804d
aNNOSYYLIN

1IND
ONITIOELNOD
1INM 3DVH0LS | Ly
IWNEALNI
g1’
AHOWIW IOVAI  —
= 1INN ONINIZO3Y
aNY ONILLIASNYYL
ONILYHINID JOVNI
= [N oNiss300ud|_|
¥31dd0a
1INA ,
IndNI e
o | [LiNn oNIss300Nd]_|
300N-8
YOLINOW AR
Nv

AQOg NIV SN1vdvddY

0l°

I

Fw




Patent Application Publication  Aug. 6, 2015 Sheet 2 of 10 US 2015/0216508 A1

----3a

~1---2b




US 2015/0216508 A1

JNIL

-

\

NOISSIWSNVYL
ONILVYINID
IAVM AdV3IHS

(

Aug. 6,2015 Sheet 3 of 10

Patent Application Publication

NOILd323d
INOISSINSNYYHL
ONRNSY3IN
JAVM dV3IHS

WAL AL S AL LT s
A IS SIS SSATI IS
L IIPI PSS SIS
AL NS SIS IS

\

NOISSINSNVYL
ONILVHINED
JAVM HY3IHS

mzo_._.n_mOmm
/SNOISSIWSNVYHL
JA0N-9

G Old

NOIL4303
INOISSINSNYYL
ONIYNSY3N
IAVM 4V3HS

FELLL LTI LTSS s
P AL T BLLAA LSS

VAT SIS LLLAA S s
VITLLLSS IS T I AL

SNOILd3D3Y
/SNOISSINSNVHL
3Aa0On-4



Patent Application Publication  Aug. 6, 2015 Sheet 4 of 10 US 2015/0216508 A1

FIG.7
A 7a 7b
r A N A N
7c
§

SR A

BRIGHTNESS-LEVEL
VALUE




Patent Application Publication  Aug. 6, 2015 Sheet 5 of 10 US 2015/0216508 A1

FIG.8

8a
8b

8¢

8e 8d of

FIG.9

BRIGHTNESS-LEVEL
VALUE




Patent Application Publication

FI1G.10

START

TRANSMIT/RECEIVE B-MODE
PULSES

I\-S101

HAS FIRMNESS IMAGE
DISPLAY REQUEST BEEN
RECEIVED?

IS STRENGTH
OF REFLECTED-WAVE

SIGNAL EQUAL TO OR NO

Aug. 6,2015 Sheet 6 of 10

HIGHER THAN FIRST
THRESHOLD
VALUE?

5104

IS STRENGTH
OF REFLECTED-WAVE

SIGNAL LOWER THAN
SECOND THRESHOLD
VALUE?

A 4

A

US 2015/0216508 A1

(S109

TRANSMIT PUSH PULSES |

S105 DISPLAY MESSAGE INDICATING
S THAT TRANSMISSION OF PUSH
PULSES IS NOT PERMITTED

!

MEASURE PROPAGATION SPEED OF I’\S106

SHEAR WAVE

v

[ GENERATE FIRMNESS IMAGE DATA |~_s107

| DISPLAY FIRMNESS IMAGE DATA |~ 5108
| )

]

END



Patent Application Publication  Aug. 6, 2015 Sheet 7 of 10 US 2015/0216508 A1

FIG.11

START
| TRANSMIT/REGEIVE B-MODE PULSES I.\ 5201

HAS FIRMNESS IMAGE
DISPLAY REQUEST BEEN
RECEIVED?

§203
IS STRENGTH
OF REFLECTED-WAVE SIGNAL
EQUAL TO OR HIGHER THAN
FIRST THRESHOLD

NO

(5211
DISPLAY MESSAGE INDICATING I

THAT TRANSMISSION OF PUSH
PULSES IS NOT PERMITTED

IS STRENGTH
OF REFLECTED-WAVE SIGNAL
LOWER THAN SECOND
THRESHOLD

WHE THER PUSH PULSES SHOULD BE
TRANSMITTED OR NOT

DISPLAY SCREEN USED FOR SELECTING I
S205

HAS 5206

TRANSMITTING PUSH
PULSES BEEN
SELECTED?

NO

A 4

»| YES
[ TRANSMIT PUSH PULSES I-\ 5207
v
MEASURE PROPAGATION SPEED OF
SHEAR WAVE $208

| GENERATE FIRMNESS IMAGE DATA F 5200
| DISPLAY FIRMNESS IMAGE DATA |-\ 5210




US 2015/0216508 A1

1S3N03Y 153no3y
AV1dSIA FOVNI AV1dSIO IDVAI
S SSINWHIL 40 LNdN| SSINWYIA 40 LNdNI
= 4— INIL h
R
3 < N H H KN N N m
= NOISSIWSNYYL N R H N NOISSINSNYYL N R N R
2 ONILYHINID N N N | ONILYYINTD N N N R
v, \ JAYM HVIHS N N - § R \ ANYM HVIHS N N J B
S
& NOILdIOIY NOILd3D3Y
0 /NOISSIWNSNYHL ecl INOISSIWSNYYL BZ|
z ONIMNSYIN mmqsﬂmwmmmﬂm ONIYNSYIN mmgsﬂmwmmmﬁm _
INVM HVIHS SNOILd3oTy  AYMEVEHS SNOILdII3Y
/SNOISSINSNVHL /SNOISSIWNSNYHL
3aon-9 3AOW-g

Patent Application Publication



US 2015/0216508 A1

3S1Nd 350ddNd 3S7Nd 350ddNd
-INJWodanr -LNFWodanr
Bg| EE)

1S3N034 AV1dSId

1S3N03d AY1dSId
JOVIAI SSINIWHIS 40 LNdNI

I9VINI SSINIWYIA 40 LNdNI

Aug. 6,2015 Sheet 9 of 10

Patent Application Publication

JAIL
< \ 4
h N[N N R NS § IR
NOISSINSNVdL N| R N K NOISSINSNVYHL NN NN
ONILVYINIO I N K ONILVY3N3IO IR N IR
\ IAVM dV3HS NN INN |\ IAYM UVIHS NI - [N
NOILd303d NOILd303d
/NOISSIWSNYYL /NOISSINSNVYL
ONIMNSYIN ONIHNSY3N
S
NV BVIHS SNOILd303Y ANYM HV3H SNOILd3D3Y
/SNOISSINSNYYL /SNOISSINSNYHL
J00NW-9 300N-8

€1 9I4



US 2015/0216508 A1

Aug. 6,2015 Sheet 10 of 10

Patent Application Publication

3904d
aNNOSVYHLIN

AMLINDHID
ONISSID0Ud
9LL°
AYLINDNID H
ASOWIN AYLINDYID
S ONIAIZOIY
AMLINOHID | oz<,oz_t_§mz<5
ONILYYINID FJOVAI Lt
pLL AYLINDYHID
L1 ONISSID0Hd |
AYLINOHID NESniAv
LNdNI =T
3
2L AYLINOYID
—1  ONISS300Hd |
AV1dSId 188390
201’ 4K

AQO8 NIVIN SNLVHYddV

oL’

1433IE

1oL?



US 2015/0216508 A1

ULTRASOUND DIAGNOSIS APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of PCT
international application Ser. No. PCT/IP2013/078387 filed
on Oct. 18, 2013 which designates the United States, incor-
porated herein by reference, and which claims the benefit of
priority from Japanese Patent Application No. 2012-232019,
filed on Oct. 19, 2012, and Japanese Patent Application No.
2013-217854, filed on Oct. 18, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Conventionally, elastography is known as a tech-
nique for imaging firmness of a tissue in a patient’s body. To
implement elastography, a method is known by which the
firmness of a tissue in a patient’s body is evaluated by causing
an ultrasound probe to transmit push pulses, which are
focused ultrasound pulses each having a high sound pressure,
and further measuring the propagation speed of a shear wave
generated thereby.

[0004] As thepush pulses to implement elastography, ultra-
sound pulses that are more powerful than ultrasound pulses
used for B-mode tomography are used, so as to generate the
shear wave. More specifically, the ultrasound pulses used for
B-mode tomography are, for example, configured so that two
waves are emitted at 100 volts [V]. In contrast, the push pulses
are, for example, configured so that 1000 waves are emitted
three to four times at tens of volts. Because such powerful
ultrasound pulses are used as the push pulses, users are
required to address a number of issues when using the push
pulses.

[0005] For example, users are required to address the issue
of an increase in the temperature at the surface of the ultra-
sound probe. More specifically, if a push pulse is transmitted
while the ultrasound probe is not in contact with the patient’s
body, because the acoustic impedance at the surface of the
probe is very much different from the acoustic impedance in
the air, the energy of the transmitted push pulse is absorbed at
the surface of the ultrasound probe, and as a result, the tem-
perature increases as a heat loss. For example, when the
temperature at the surface of the ultrasound probe becomes 43
degrees or higher, an impact on tissues in the patient’s body is
concerned about. Further, an increase in the temperature at
the surface may lead to a degradation of ultrasound transducer
elements themselves.

[0006] In addition, when using a contrast agent, users are
also required to address the issue of an impact on tissues in the
patient’s body that may be made via the contrast agent. More
specifically, if microbubbles of the contrast agent burst due to
aresonance with the push pulses, it is considered that there is
a possibility that an impact is made on tissues in the patient’s
body that are positioned near the bubbles. In recent years,
contrast agents that have a longer remaining period than con-
ventional products have been developed so as to acquire

Aug. 6, 2015

sharper images. Thus, when implementing elastography after
using a contrast agent, users are required to address this issue,
in particular.

[0007] Users are required to address these issues not only
when using push pulses in elastography, but also when, for
example, using any ultrasound wave thatis transmitted for the
purpose of changing the shape of a tissue in the body of an
examined subject (a patient), such as an ultrasound wave used
in a Drug Delivery System (DDS) or an ultrasound wave used
for hemostasis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0009] FIG. 2 is a first drawing for explaining push pulses
and a shear wave;

[0010] FIG. 3 is a second drawing for explaining the push
pulses and the shear wave;

[0011] FIG. 4is a drawing of an example of firmness image
data generated by an image generating unit;

[0012] FIG. 5 is a drawing for explaining a workflow in a
conventional elastography procedure;

[0013] FIG. 6 is a first drawing for explaining a process
performed by a controlling unit;

[0014] FIG. 7 is a second drawing for explaining the pro-
cess performed by the controlling unit;

[0015] FIG. 8 is a third drawing for explaining another
process performed by the controlling unit;

[0016] FIG. 9 is a fourth drawing for explaining said
another process performed by the controlling unit;

[0017] FIG. 10 is a flowchart for explaining an exemplary
processing procedure performed by the ultrasound diagnosis
apparatus according to the first embodiment;

[0018] FIG. 11 is a flowchart for explaining an exemplary
processing procedure performed by an ultrasound diagnosis
apparatus according to a second embodiment;

[0019] FIG. 12 is adrawing for explaining a workflow in an
elastography procedure according to a third embodiment;
[0020] FIG. 13 is a drawing for explaining a modification
example of the workflow in the elastography procedure
according to the third embodiment; and

[0021] FIG. 14 is ablock diagram of an exemplary configu-
ration ofan ultrasound diagnosis apparatus according to other
embodiments.

DETAILED DESCRIPTION

[0022] An ultrasound diagnosis apparatus includes trans-
mitting and receiving circuitry, input circuitry, and processing
circuitry. The transmitting and receiving circuitry transmits a
first ultrasound wave used for changing the shape of a tissue
in the body of a patient and transmits/receives a second ultra-
sound wave that is transmitted/received with timing different
from that of the first ultrasound wave. The input circuitry
receives an input of a request indicating that the first ultra-
sound wave should be transmitted. When the input circuitry
has received the input of the request indicating that the first
ultrasound wave should be transmitted, the processing cir-
cuitry controls the transmission of the first ultrasound wave in
accordance with the strength of a reflected-wave signal of the
second ultrasound wave or one or more pixel values of an
image resulting from an imaging process performed by using
the reflected-wave signal of the second ultrasound wave.
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[0023] Exemplary embodiments of an ultrasound diagnosis
apparatus and an image processing method (hereinafter,
“control program”) will be explained below, with reference to
the accompanying drawings.

First Embodiment

[0024] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG. 11is ablock diagram of an exemplary configuration of the
ultrasound diagnosis apparatus according to the first embodi-
ment. The ultrasound diagnosis apparatus according to the
first embodiment is an apparatus capable of implementing
elastography. Elastography is implemented to generate and
display an image (hereinafter, a “firmness image”) obtained
by imaging firmness of a tissue in a patient’s body. As shown
in FIG. 1, the ultrasound diagnosis apparatus according to the
first embodiment includes an ultrasound probe 1, a monitor 2,
an input unit 3, and an apparatus main body 10.

[0025] Theultrasound probe 1 includes a plurality of trans-
ducer elements, which transmit an ultrasound wave based on
adrive signal supplied from a transmitting and receiving unit
11 included in the apparatus main body 10 (explained later).
The transducer elements included in the ultrasound probe 1
are, for example, piezoelectric transducer elements. The
ultrasound probe 1 receives a reflected-wave signal from an
examined subject (hereinafter, “patient”) P and converts the
received reflected-wave signal into an electric signal. Further,
the ultrasound probe 1 includes matching layers included in
the piezoelectric transducer elements, as well as a backing
member that prevents ultrasound waves from propagating
rearward from the piezoelectric transducer elements. The
ultrasound probe 1 is detachably connected to the apparatus
main body 10.

[0026] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the patient P, the transmitted ultrasound
wave is repeatedly reflected on a surface of discontinuity of
acoustic impedances at a tissue in the body of the patient P
and is received as a reflected-wave signal by the plurality of
piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving members with respect to the ultrasound
wave transmission direction.

[0027] The first embodiment is applicable to a situation
where the ultrasound probe 1 illustrated in FIG. 1 is a one-
dimensional ultrasound probe in which the plurality of piezo-
electric transducer elements are arranged in a row, to a situ-
ation where the ultrasound probe 1 is a one-dimensional
ultrasound probe in which the plurality of piezoelectric trans-
ducer elements arranged in a row are mechanically caused to
swing, or to a situation where the ultrasound probe 1 is a
two-dimensional ultrasound probe in which the plurality of
piezoelectric transducer elements are two-dimensionally
arranged in a grid formation.

[0028] The monitor 2 is a display device configured to
display a Graphical User Interface (GUI) used by an operator
of the ultrasound diagnosis apparatus to input various types of
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setting requests through the input unit 3 and to display ultra-
sound image data and the like generated by the apparatus
main body 10.

[0029] The input unit 3 is configured to receive inputs of
various types of requests from the operator of the ultrasound
diagnosis apparatus and to transfer the received various types
of requests to the apparatus main body 10. The input unit 3 is
configured witha mouse, a keyboard, a button, a panel switch,
a touch command screen, a foot switch, a trackball, and the
like. For example, the input unit 3 is configured to receive an
input of a firmness image display request from the operator
and to output the received firmness image display request to a
controlling unit 17 (explained later). The firmness image
display request is an example of a request indicating that
ultrasound waves used for changing the shape of a tissue in
the body of a patient should be transmitted.

[0030] The apparatus main body 10 is an apparatus config-
ured to generate ultrasound image data based on the reflected-
wave signal received by the ultrasound probe 1. As shown in
FIG. 1, the apparatus main body 10 includes the transmitting
and receivingunit 11, a B-mode processing unit 12, aDoppler
processing unit 13, an image generating unit 14, an image
memory 15, an internal storage unit 16, and the controlling
unit 17.

[0031] Thetransmitting and receiving unit 11 is configured
to control ultrasound transmissions and receptions performed
by the ultrasound probe 1, on the basis of an instruction from
the controlling unit 17 (explained later). The transmitting and
receiving unit 11 includes a pulse generator, a transmission
delaying unit, a pulser, and the like and supplies the drive
signal to the ultrasound probe 1. The pulse generator repeat-
edly generates a rate pulse for forming a transmission ultra-
sound wave at a predetermined rate frequency. Further, the
transmission delaying unit applies a delay period that is
required to converge the ultrasound wave generated by the
ultrasound probe 1 into the form of a beam and to determine
transmission directionality and that corresponds to each of
the piezoelectric transducer elements, to each of the rate
pulses generated by the pulse generator. Further, the pulser
applies a drive signal (a drive pulse) to the ultrasound probe 1
with timing based on the rate pulses. The transmission delay-
ing unit arbitrarily adjusts the transmission directions of the
ultrasound waves transmitted from the piezoelectric trans-
ducer element surfaces, by varying the delay periods applied
to the rate pulses.

[0032] The transmitting and receiving unit 11 has a func-
tion to be able to instantly change the transmission frequency,
the transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence based on an
instruction from the controlling unit 17. In particular, the
configuration to change the transmission drive voltage is real-
ized by using a linear-amplifier-type transmitting circuit of
which the value can be instantly switched or by using a
mechanism configured to electrically switch between a plu-
rality of power source voltages and to transmit a rectangular
pulse.

[0033] The transmitting and receiving unit 11 includes a
pre-amplifier, an Analog/Digital (A/D) converter, a reception
delaying unit, an adder, and the like and generates reflected-
wave data by performing various types of processes on the
reflected-wave signal received by the ultrasound probe 1. The
pre-amplifier amplifies the reflected-wave signal for each of
channels. The A/D converter applies an A/D conversion to the
amplified reflected-wave signal. The reception delaying umt
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applies a delay period required to determine reception direc-
tionality to the result of the A/D conversion. The adder pet-
forms an adding process on the reflected-wave signals pro-
cessed by the reception delaying unit so as to generate the
reflected-wave data. As a result of the adding process per-
formed by the adder, reflected components from the direction
corresponding to the reception directionality of the reflected-
wave signals are emphasized. A comprehensive beam used in
an ultrasound transmission/reception is thus formed accord-
ing to the reception directionality and the transmission direc-
tionality.

[0034] When a two-dimensional scan is performed on the
patient P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit two-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
two-dimensional reflected-wave data from the two-dimen-
sional reflected-wave signals received by the ultrasound
probe 1. When a three-dimensional scan is performed on the
patient P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit three-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
three-dimensional reflected-wave data from the three-dimen-
sional reflected-wave signals received by the ultrasound
probe 1.

[0035] Output signals from the transmitting and receiving
unit 11 can be in a form selected from various forms. For
example, the output signals may be in the form of signals
called Radio Frequency (RF) signals that contain phase infor-
mation or may be in the form of amplitude information
obtained after an envelope detection process.

[0036] Further, when a firmness image display request has
been received, the transmitting and receiving unit 11 gener-
ates a shear wave by causing the ultrasound probe 1 to trans-
mit push pulses, on the basis of an instruction from the con-
trolling unit 17.

[0037] FIGS. 2 and 3 are drawings for explaining push
pulses and a shear wave. For example, as illustrated in FIG. 2,
the transmitting and receiving unit 11 causes the ultrasound
probe 1 to emit ultrasound waves (push pulses) consisting of
approximately 1000 waves at tens of volts three to four times,
while using one point in a focus position 2a as a focus point.
After that, the transmitting and receiving unit 11 generates a
shear wave 25 by causing push pulses to be transmitted while
moving the focus point to deeper positions along the focus
position 2a. Subsequently, as illustrated in FIG. 3, the trans-
mitting and receiving unit 11 causes the ultrasound probe 1 to
transmit a shear wave measuring pulse 3a on the basis of an
instruction from the controlling unit 17, for the purpose of
measuring a propagation speed of the generated shear wave
2b. The push pulses are examples of ultrasound waves that are
transmitted for the purpose of changing the shape of a tissue
in the body of a patient.

[0038] The B-mode processing unit 12 and the Doppler
processing unit 13 are signal processing units that are config-
ured to perform various types of signal processing processes
on the reflected-wave data generated by the transmitting and
receiving unit 11 from the reflected-wave signals. The
B-mode processing unit 12 receives the reflected-wave data
from the transmitting and receiving unit 11 and generates data
(B-mode data) in which the strength of each signal is
expressed by a degree of brightness, by performing a loga-
rithmic amplification, an envelope detection process, and the
like on the received reflected-wave data. Further, the Doppler
processing unit 13 obtains velocity information from the
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reflected-wave data received from the transmitting and
receiving unit 11 by performing a frequency analysis, and
further generates data (Doppler data) obtained by extracting
moving member information such as a velocity, a dispersion,
a power, and the like that are under the influence of the
Doppler effect, for a plurality of points. In this situation, the
moving member may be, for example, the bloodstream, a
tissue such as the cardiac wall, and/or a contrast agent.

[0039] When a firmness image display request has been
received, the Doppler processing unit 13 generates strain
distribution information for displaying the firmness of the
tissue in the patient’s body in color, on the basis of an instruc-
tion from the controlling unit 17. For example, by measuring
the propagation speed of the shear wave 25 generated by the
push pulses, the Doppler processing unit 13 generates the
strain distribution information. More specifically, the Dop-
pler processing unit 13 generates data (tissue Doppler data)
obtained by extracting motion information based on the Dop-
pler effect on the tissues that are present in a scanned region,
by receiving reflective-wave data of the shear wave measur-
ing pulse 3a from the transmitting and receiving unit 11 and
performing a frequency analysis on the received reflected-
wave data. Subsequently, the Doppler processing unit 13
calculates a displacement by time-integrating the velocity
components of the tissue Doppler data. After that, the Dop-
pler processing unit 13 calculates a local strain of the tissue by
performing a predetermined calculation (e.g., spatial differ-
entiation) while using the calculated displacement. Subse-
quently, the Doppler processing unit 13 generates the strain
distribution information by color-coding the values of the
calculated local strain of the tissue and mapping the color-
coded values in corresponding positions. The firmer a tissue
is, theless easily the tissue changes the shape thereof. Accord-
ingly, the strain value of a firmer tissue is smaller, whereas the
strain value of a softer tissue in a patient’s body is larger. In
other words, the strain value indicates the firmness (elasticity)
of the tissue. Thus, the shear wave measuring pulse 3a is a
tissue-Doppler-purpose transmission pulse. The elasticity
described above may be calculated by the B-mode processing
unit 12 by detecting a displacement of the tissue between
adjacent frames on the basis of a cross-correlation between
ultrasound reception Radio Frequency (RF) signal. In that
situation, the shear wave measuring pulse 3a is a B-mode-
purpose transmission pulse.

[0040] The image generating unit 14 is configured to gen-
erate ultrasound image data from the data generated by the
B-mode processing unit 12 and the Doppler processing umt
13. In other words, from the two-dimensional B-mode data
generated by the B-mode processing unit 12, the image gen-
erating unit 14 generates two-dimensional B-mode image
data in which the strength of the reflected wave is expressed
by a degree of brightness. Further, from the two-dimensional
Doppler data generated by the Doppler processing unit 13, the
image generating unit 14 generates two-dimensional Doppler
image data expressing moving member information. The
two-dimensional Doppler image data is velocity image data,
dispersion image data, power image data, or image data com-
bining these types of image data.

[0041] Inthis situation, generally speaking, the image gen-
erating unit 14 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates display-purpose ultra-
sound image data. More specifically, the image generating
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unit 14 generates the display-purpose ultrasound image data
by performing a coordinate transformation process compliant
with the ultrasound scanning mode used by the ultrasound
probe 1. Further, as various types of image processing pro-
cesses other than the scan convert process, the image gener-
ating unit 14 performs, for example, an image processing
process (a smoothing process) to re-generate a brightness-
average image or an image processing process (an edge
enhancement process) using a differential filter within
images, while using a plurality of image frames obtained after
the scan convert process is performed. Further, the image
generating unit 14 synthesizes additional information (text
information of various parameters, scale graduations, body
marks, and the like) with the ultrasound image data.

[0042] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 14 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
B-mode data and the Doppler data may also be referred to as
raw data.

[0043] Further, the image generating unit 14 generates
firmness image data in which the firmness of the tissue in the
patient’s body is displayed in color, from the strain distribu-
tioninformation generated by the Doppler processing unit 13.
FIG. 4 is a drawing of an example of the firmness image data
generated by the image generating unit 14. As illustrated in
FIG. 4, the image generating unit 14 causes the monitor 2 to
display an image in which levels of firmness (“soft/hard”) of
the tissue in the patient’s body are expressed in mutually-
different colors.

[0044] The image memory 15 is a memory for storing
therein the display-purpose image data generated by the
image generating unit 14. Further, the image memory 15 is
also able to store therein the data generated by the B-mode
processing unit 12 and the Doppler processing unit 13. After
a diagnosis process, for example, the operator is able to
invoke the B-mode data or the Doppler data stored in the
image memory 15. The invoked data serves as the display-
purpose ultrasound image data via the image generating unit
14,

[0045] The internal storage unit 16 stores therein various
types of data such as a control program to realize ultrasound
transmissions and receptions, image processing, and display
processing, as well as diagnosis information (e.g., patients’
1Ds, medical doctors’ observations), diagnosis protocols, and
various types of body marks. Further, the internal storage unit
16 may be used, as necessary, for storing therein any of the
image data stored in the image memory 15. Further, it is
possible to transfer the data stored in the internal storage unit
16 to an external apparatus.

[0046] The controlling unit 17 is configured to control the
entire processes performed by the ultrasound diagnosis appa-
ratus. More specifically, based on the various types of setting
requests input by the operator via the input unit 3 and various
types of control programs and various types of data read from
the internal storage unit 16, the controlling unit 17 controls
processes performed by the transmitting and receiving unit
11, the B-mode processing unit 12, the Doppler processing
unit 13, and the image generating unit 14. Further, the con-
trolling unit 17 exercises control so that the monitor 2 dis-
plays the display-purpose image data stored in the image
memory 15 and the internal storage unit 16. Further, the
controlling unit 17 exercises control so that the display-pur-

Aug. 6, 2015

pose image data generated by the image generating unit 14 is
stored in the internal storage unit 16 or the like. Further, the
controlling unit 17 exercises control so that medical image
data received from the operator via the input unit 3 is trans-
ferred from an external apparatus 6 to the internal storage unit
16 or to the image generating unit 14, via a network 100 and
an interface unit 18.

[0047] An overall configuration of the ultrasound diagnosis
apparatus according to the first embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the first embodiment configured as described above images
the firmness of a tissue in a patient’s body by implementing
elastography.

[0048] When elastography is implemented, the ultrasound
probe is caused to transmit the push pulses so as to generate
the shear wave. Because the push pulses are ultrasound waves
that are transmitted for the purpose of changing the shape of
atissue in the body of a patient, users are required to address,
for example, the issue of an increase in the temperature at the
surface of the ultrasound probe and the issue of an impact on
tissues in the patient’s body that made be made via a contrast
agent, if a contrast agent is being used.

[0049] FIG. 5 is a drawing for explaining a workflow (a
timing chart) in a conventional elastography procedure. As
illustrated in FIG. 5, when implementing elastography by
using a shear wave, the operator switches the display mode of
an ultrasound diagnosis apparatus into a display mode for
elastography (which may be referred to as an “elastography
mode” for example). In the elastography mode, a B-mode
pulse is repeatedly transmitted/received so that a B-mode
image is displayed on the monitor 2 in a substantially real-
time manner, except when a process for displaying a firmness
image is being performed. The operator operates the ultra-
sound probe 1 while viewing the displayed B-mode image
and makes a firmness image display request when the ultra-
sound probe 1 is at a position where the operator wishes to
have a firmness image thereof displayed (e.g., at a position
where a site conjectured to have a tumor is being displayed).
In response to the display request, push pulses are transmitted
from the ultrasound probe 1, so that the process for displaying
a firmness image is started. Subsequently, in the elastography
procedure, firmness image data is generated by measuring the
propagation speed of the shear wave generated by the push
pulses, while using a shear wave measuring pulse. As
explained here, the elastography procedure can repeatedly be
performed in accordance with the needs of the operator.

[0050] In this situation, if the ultrasound probe 1 is posi-
tioned away from the patient P, because the acoustic imped-
ance at the surface of the probe is very much different from
the acoustic impedance in the air, the energy of the transmit-
ted push pulses are absorbed at the surface of the ultrasound
probe, and as a result, the temperature increases as a heat loss.

[0051] Further, in an example of a workflow of elastogra-
phy, contrast harmonic imaging may be used in combination
therewith. For example, contrast harmonic imaging is per-
formed after administering a contrast agent to the patient P, so
as to estimate a tumor site on the basis of the position of a
blood vessel that nourishes the tumor and to subsequently
view a firmness image of the vicinity of the estimated tumor
site. In that situation, if the contrast agent used in the contrast
harmonic imaging procedure remains, there is a possibility
that microbubbles of the contrast agent may burst due to a
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resonance with the push pulses and an impact may be made on
tissues in the patient’s body that are positioned near the
bubbles.

[0052] To cope with this situation, the ultrasound diagnosis
apparatus according to the first embodiment is configured so
that the processes described below are performed by the
controlling unit 17, so as to safely use the ultrasound waves
transmitted for the purpose of changing the shape of a tissue
in the body of the patient.

[0053] When the input unit 3 has received a firmness image
display request, the controlling unit 17 according to the first
embodiment controls the transmission of push pulses in
accordance with the strength of reflected-wave signals of
B-mode pulses. For example, the controlling unit 17 receives
the firmness image display request from the input unit 3. The
controlling unit 17 causes the transmitting and receiving unit
11 to transmit B-mode pulses and receives reflected-wave
signals of the transmitted B-mode pulses. The B-mode pulses
are exaniples of ultrasound waves used in an imaging process.
The B-mode pulses are also examples of ultrasound waves
transmitted with timing that is different from that of the push
pulses.

[0054] By using the strength of the received reflected-wave
signals, the controlling unit 17 performs a process of judging
whether or not the ultrasound probe 1 is positioned away from
(is out of contact with) the patient P, so as to address the issue
of an increase in the temperature at the surface of the ultra-
sound probe. For example, if the strength of the reflected-
wave signals in a predetermined first depth range is equal to or
higher than a first threshold value, the controlling unit 17
permits push pulses to be transmitted. On the contrary, if the
strength of the reflected-wave signals in the predetermined
first depth range is lower than the first threshold value, the
controlling unit 17 does not permit push pulses to be trans-
mitted.

[0055] Next, the process performed by the controlling unit
17 to judge whether or not a part or the entirety of the surface
of the ultrasound probe 1 is positioned away from the patient
P will be explained, with reference to FIGS. 6 and 7. FIGS. 6
and 7 are drawings for explaining a process performed by the
controlling unit 17. FIG. 6 illustrates an example of an ultra-
sound image 6a generated in a B-mode. In the ultrasound
image 6a, aregionofinterest 65 serving as a processing target
has been set in advance by the operator of the ultrasound
diagnosis apparatus.

[0056] FIG. 7 illustrates an example of brightness-level
values on a scanning line 6¢ that passes through the region of
interest 65. In FIG. 7, the vertical axis expresses the bright-
ness-level value (a pixel value) of the ultrasound image 6a,
whereas the horizontal axis expresses the depth of the ultra-
sound image 6a. If the ultrasound probe 1 is positioned away
from the patient P, the transmitted ultrasound waves are not
emitted from the surface of the ultrasound probe 1 and gradu-
ally attenuate while being repeatedly reflected between the
lens surface and the transducer elements. For this reason, as
illustrated in FIG. 7, a strong reflected-wave signalis received
in a range 7a, whereas almost no reflected-wave signal is
received in a range 75 so that a white noise level is exhibited.
From each of a scanning lines 64 and 6e, brightness-level
values are obtained in a manner similar to those from the
scanning line 6¢. In the present example, the situation where
the controlling unit 17 makes the judgment by using the
brightness-level values is explained, because the explanation
is based on an association between the ultrasound image and
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the scanning lines; however, it should be noted that the bright-
ness-level values correspond to strengths of the reflected-
wave signals. In other words, the controlling unit 17 is able to
judge whether or not a part or the entirety of the surface of the
ultrasound probe 1 is positioned away from the patient P by
using either the strength of the reflected-wave signals or the
brightness-level values. When the strength of the reflected-
wave signals is being used, the depth direction is expressed by
time, and not by the distance.

[0057] For example, the controlling unit 17 calculates an
average value of the brightness-level values at a depth range
7c corresponding to the region of interest 64, for each of the
scanning lines 6¢, 6d, and 6e. Subsequently, the controlling
unit 17 judges whether each of the calculated average values
is equal to or larger than the first threshold value. The first
threshold value is set by the operator in advance to a value that
cannot be exceeded if the ultrasound probe 1 is positioned
away from the patient P. For example, the first threshold value
is set on the basis of the white noise level. If all the average
values calculated for the scanning lines 6¢, 64, and 6e are
equal to or larger than the first threshold value, the controlling
unit 17 permits push pulses to be transmitted, because the
controlling unit 17 determines that the ultrasound probe 1 is
not positioned away from the patient P. On the contrary, if one
or more of the average values are smaller than the first thresh-
old value, the controlling unit 17 does not permit push pulses
to be transmitted, because the controlling unit 17 determines
that at least a part of the surface of the probe is positioned
away from the patient P. More specifically, if the average
value of the brightness-levels calculated with respect to the
scanning line 64 is smaller than the first threshold value, the
controlling unit 17 determines that a part of the probe surface
corresponding to the scanning line 64 is positioned away from
the patient P. The first threshold value used in this situation is
a threshold value for the brightness-level values and is differ-
ent from a threshold value for the strength of the reflected-
wave signals. Further, the controlling unit 17 does not neces-
sarily have to make judgments about the plurality of scanning
lines. For example, it is acceptable for the controlling unit 17
to make a judgment only about the scanning line 6¢. Further,
the controlling unit 17 does not necessarily have to make a
Judgment about the depth range 7¢. For example, it is accept-
able for the controlling unit 17 to determine that the ultra-
sound probe 1 is not positioned away from the patient P, if the
brightness-level values in the range 7a are smaller than a
predetermined threshold value.

[0058] Further, by using the strength of the received
reflected-wave signals, the controlling unit 17 performs a
process of judging whether any contrast agent is present in the
body of the patient P, so as to address the issue of an impact on
tissues in the patient’s body that may be made via a contrast
agent, if a contrast agent is being used. For example, if the
strength of the reflected-wave signals in a predetermined
second depth range is lower than a second threshold value, the
controlling unit 17 permits push pulses to be transmitted. On
the contrary, if the strength of the reflected-wave signals in the
predetermined second depth range is equal to or higher than
the second threshold value, the controlling unit 17 does not
permit push pulses to be transmitted.

[0059] Next, the process performed by the controlling unit
17 to judge whether any contrast agent is present in the body
of the patient P will be explained with reference to FIGS. 8
and 9. FIGS. 8 and 9 are drawings for explaining a process
performed by the controlling unit 17. FIG. 8 illustrates an
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example of an ultrasound image 8a generated in a B-mode. In
the ultrasound image 8a, a region of interest 85 serving as a
processing target has been set in advance by the operator of
the ultrasound diagnosis apparatus. FIG. 8 illustrates an
example in which a contrast agent is present in a region 8¢ of
the ultrasound image 8a.

[0060] FIG. 9 illustrates an example of brightness-level
values on a scanning line 84 that passes through the region of
interest 85. In FIG. 9, the vertical axis expresses the bright-
ness-level value of the ultrasound image 8a, whereas the
horizontal axis expresses the depth of the ultrasound image
8a. As illustrated in FIG. 9, while the ultrasound probe 1 is in
contact with the patient P, reflections between the lens surface
and the transducer elements converge in a shorter period of
time than in the example illustrated in FIG. 7, so that
reflected-wave signals corresponding to the depths are
received. From each ofa scanning lines 8¢ and 8f; brightness-
level values are obtained in a manner similar to those from the
scanning line 84. In the present example, the situation where
the controlling unit 17 makes the judgment by using the
brightness-level values is explained, because the explanation
is based on an association between the ultrasound image and
the scanning lines; however, it should be noted that the bright-
ness-level values correspond to the strengths of the reflected-
wave signals. In other words, the controlling unit 17 is able to
judge whether any contrast agent is present in the body of the
patient P by using either the strength of the reflected-wave
signals or the brightness-level values. When the strength of
the reflected-wave signals is being used, the depth direction is
expressed by time, and not by the distance.

[0061] For example, the controlling unit 17 calculates an
average value of the brightness-level values at a depth range
9a corresponding to the region of interest 85, for each of the
scanning lines 84, 8¢, and 8/ Subsequently, the controlling
unit 17 judges whether each of the calculated average values
is smaller than the second threshold value. The second thresh-
old value is set by the operator in advance to a value that is
exceeded if a contrast agent is present in the body of the
patient P. For example, the second threshold value is set on the
basis of the type of the contrast agent, a transmission/recep-
tion condition of the B-mode pulses, or the diagnosed site. If
all the average values calculated for the scanning lines 84, 8e,
and 8f are smaller than the second threshold value, the con-
trolling unit 17 permits push pulses to be transmitted, because
the controlling unit 17 determines that no contrast agent is
present in the body of the patient P. On the contrary, if one or
more of the average values are equal to or larger than the
second threshold value, the controlling unit 17 does not per-
mit push pulses to be transmitted, because the controlling unit
17 determines that a contrast agent is present in at least a part
of the inside of the body of the patient P. More specifically, if
the average value of the brightness-levels calculated with
respect to the scanning line 84 is equal to or larger than the
second threshold value, the controlling unit 17 determines
that a contrast agent is present in a site corresponding to the
scanning line 84. The second threshold value used in this
situation is a threshold value for the brightness-level values
and is different from a threshold value for the strength of the
reflected-wave signals.

[0062] When the controlling unit 17 permits push pulses to
be transmitted, the controlling unit 17 stops the B-mode
pulses that are transmitted/received in the elastography mode.
Further, the controlling unit 17 causes the transmitting and
receiving unit 11 to transmit the push pulses. Subsequently,
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the controlling unit 17 causes the propagation speed of the
shear wave to be measured. After that, the controlling unit 17
generates firmness image data, on the basis of the measured
propagation speed. Subsequently, the controlling unit 17
causes the monitor 2 to display the generated firmness image
data. After that, the controlling unit 17 resumes the transmis-
sion/reception of the B-mode pulses. On the contrary, when
the controlling unit 17 does not permit push pulses to be
transmitted, the controlling unit 17 causes the monitor 2 to
display a message indicating that the transmission of push
pulses is not permitted. In that situation, the transmission/
reception of the B-mode pulses is continued. Further, the
controlling unit 17 may provide information by using an
acoustic signal representing a buzzer or speech.

[0063] The message indicating that the transmission of
push pulses is not permitted may be displayed as mutually-
different messages, for example, between when a judgment is
made on whether the ultrasound probe 1 is positioned away
from the patient P and when a judgment is made on whether
any contrast agent is present in the body of the patient P. In
other words, in the former situation, if the strength of the
reflected-wave signals in the predetermined first depth range
is lower than the first threshold value, the controlling unit 17
causes a message to be displayed indicating that a part or the
entirety of the surface of the ultrasound probe 1 is positioned
away from the patient P. More specifically, the controlling
unit 17 causes the monitor 2 to display a message such as “the
probe is positioned away from the patient”. In contrast, in the
latter situation, if the strength of the reflected-wave signals in
the predetermined second depth range is equal to or higher
than the second threshold value, the controlling unit 17 causes
a message to be displayed indicating that a contrast agent is
present in the body of the patient P. More specifically, the
controlling unit 17 causes the monitor 2 to display a message
such as “a contrast agent is remaining in the body of the
patient”.

[0064] As explained above, the controlling unit 17 controls
the transmission of the push pulses in accordance with the
strength of the reflected-wave signals of the B-mode pulses.
[0065] Next, a processing procedure performed by the
ultrasound diagnosis apparatus according to the first embodi-
ment will be explained with reference to FIG. 10. FIG. 10 is
a flowchart for explaining an exemplary processing proce-
dure performed by the ultrasound diagnosis apparatus
according to the first embodiment. FIG. 10 illustrates, as an
example, a processing procedure performed in an elastogra-
phy mode. In other words, the processing procedure illus-
trated in F1G. 10 corresponds to a processing procedure per-
formed after the operator has switched the operation mode
into the elastography mode. Further, in the present example,
a situation will be explained where the controlling unit 17
performs the process by using the strength of the reflected-
wave signals, and not the brightness-level values.

[0066] As illustrated in FIG. 10, in the elastography mode,
the controlling unit 17 causes the transmitting and receiving
unit 11 to transmit/receive B-mode pulses so as to cause the
monitor 2 to display a B-mode image in a substantially real-
time manner (step S101). After that, the input unit 3 receives
an input of a firmness image display request (step S102). It
should be noted that, until the input unit 3 receives an input of
a firmness image display request (step S102: No), the con-
trolling unit 17 causes the B-mode image to be displayed in a
substantially real-time manner and does not perform the pro-
cesses at step S103 and thereafter.
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[0067] When the input unit 3 has received the input of the
firmness image display request (step S102: Yes), the control-
ling unit 17 judges, for example, whether the strength of the
reflected-wave signal of the B-mode pulse that was received
immediately prior is equal to or higher than the first threshold
value (step S103). The controlling unit 17 thus checks to see
if the ultrasound probe 1 is not positioned away from the
patient P. For example, the controlling unit 17 judges whether
the strength of the reflected-wave signal in the predetermined
first depth range is equal to or higher than the first threshold
value, for each of a plurality of scanning lines. If the strength
of the reflected-wave signal in the predetermined first depth
range is equal to or higher than the first threshold value for all
of the scanning lines serving as the judgment targets, the
controlling unit 17 determines that the ultrasound probe 1 is
not positioned away from the patient P (step S103: Yes). On
the contrary, if the strength of the reflected-wave signal in the
predetermined first depth range is lower than the first thresh-
old value for one or more of the scanning lines, the controlling
unit 17 determines that at least a part of the ultrasound probe
1 is positioned away from the patient P (step S103: No).

[0068] If the strength of the reflected-wave signal is equal
to or higher than the first threshold value (step S103: Yes), the
controlling unit 17 judges whether the strength of the
reflected-wave signal is lower than the second threshold value
(step S104). The controlling unit 17 thereby judges whether
any contrast agent is present in the body of the patient P. For
example, the controlling unit 17 judges whether the strength
of the reflected-wave signal in the predetermined second
depth range is lower than the second threshold value, for each
of a plurality of scanning lines. Ifthe strength of the reflected-
wave signal in the predetermined second depth range is lower
than the second threshold value for all of the scanning lines
serving as the judgment targets, the controlling unit 17 deter-
mines that no contrast agent is present in the site correspond-
ing to the predetermined second depth range (step S104: Yes).
On the contrary, if the strength of the reflected-wave signal in
the predetermined second depth range is equal to or higher
than the second threshold value for one or more of the scan-
ning lines, the controlling unit 17 determines that a contrast
agent is present in the site corresponding to the predetermined
second depth range (step S104: No).

[0069] If the strength of the reflected-wave signal is lower
than the second threshold value (step S104: Yes), the control-
ling unit 17 causes the transmitting and receiving unit 11 to
stop the transmission/reception of the B-mode pulses and to
transmit push pulses (step S105). Subsequently, the control-
ling unit 17 causes the B-mode processing unit 12 to measure
the propagation speed of the shear wave (step S106). After
that, the controlling unit 17 generates firmness image data on
the basis of the measured propagation speed (step S107).
Subsequently, the controlling unit 17 causes the monitor 2 to
display the generated firmness image data (step S108). After
that, the controlling unit 17 resumes the transmission/recep-
tion of the stopped B-mode pulses and causes a B-mode
image to be displayed in a substantially real-time manner.

[0070] On the contrary, if the strength of the reflected-wave
signal is lower than the first threshold value (step S103: No),
the controlling unit 17 causes the monitor 2 to display a
message indicating that the transmission of push pulses is not
permitted (step S109). Further, if the strength of the reflected-
wave signal is equal to or higher than the second threshold
value (step S104: No), the controlling unit 17 proceeds to the
process at step S109.
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[0071] In this situation, for example, the processes at steps
S103 and S104 do not necessarily have to be performed
according to the processing procedure described above. It is
acceptable to perform the process at step S103 after perform-
ing the process at step S104.

[0072] Further, for example, both of the processes at steps
S103 and S104 do not necessarily have to be performed. In
other words, it is acceptable to perform only one of the pro-
cesses at step S103 and step S104.

[0073] Further, for example, if the judgment result at step
S103 is in the negative, the controlling unit 17 may cause the
monitor 2 to display a message such as “the probe is posi-
tioned away from the patient” at step S109. Further, if the
judgment result at step S104 is in the negative, the controlling
unit 17 may cause the monitor 2 to display a message such as
“a contrast agent is remaining in the body of the patient” at
step S109.

[0074] FIG. 10 illustrates the example in which the control-
ling unit 17 performs the judging process by using the
strength of the reflected-wave signal of the B-mode pulse that
was transmitted/received immediately prior to the input of the
firmness image display request; however, possible embodi-
ments are not limited to this example. For instance, the con-
trolling unit 17 may use the strength of the reflected-wave
signal of a B-mode pulse of which the transmission/reception
precedes an input of a firmness image display request by a
predetermined time period. In another example, after an input
of a firmness image display request has been received, the
controlling unit 17 may cause a judgment-purpose B-mode
pulse to be transmitted/received once, so as to perform the
judging process by using the strength of the reflected-wave
signal thereof.

[0075] As explained above, the ultrasound diagnosis appa-
ratus according to the first embodiment receives the input of
the firmness image display request to change the shape of the
tissue in the body of the patient. When having received the
input of the firmness image display request, the ultrasound
diagnosis apparatus according to the first embodiment con-
trols the transmission of the push pulses, in accordance with
the strength of the B-mode pulses.

[0076] Forexample, when having determined that the ultra-
sound probe 1 is positioned away from the patient P, the
ultrasound diagnosis apparatus according to the first embodi-
ment does not permit push pulses to be transmitted. Thus, the
ultrasound diagnosis apparatus according to the first embodi-
ment is able to address the issue of an increase in the tem-
perature at the surface of the ultrasound probe 1.

[0077] Further, when having determined that a contrast
agent is present in the body of the patient P, the ultrasound
diagnosis apparatus according to the first embodiment does
not permit push pulses to be transmitted. Thus, the ultrasound
diagnosis apparatus according to the first embodiment is also
able to address the issue of an impact on the tissues in the
patient’s body that may be made via the contrast agent.
[0078] As a result, the ultrasound diagnosis apparatus
according to the first embodiment is able to safely use the
ultrasound waves that are transmitted for the purpose of
changing the shape of the tissue in the body of the patient.

Second Embodiment

[0079] The first embodiment above is explained using the
example where no push pulse is transmitted if it has been
determined that a contrast agent is present in the body of the
patient P; however, possible embodiments are not limited to
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this example. For instance, the ultrasound diagnosis appara-
tus may also leave the decision on whether push pulses should
be transmitted or not to the operator. Accordingly, in a second
embodiment, a process that is performed when the decision
on whether push pulses should be transmitted or not is left to
the operator will be explained. All of the other functional
configurations explained in the first embodiment are applied
to the ultrasound diagnosis apparatus according to the second
embodiment, except for the process that is performed to leave
the decision on whether push pulses should be transmitted or
not to the operator.

[0080] FIG. 11 is a flowchart for explaining an exemplary
processing procedure performed by the ultrasound diagnosis
apparatus according to the second embodiment. As illustrated
in FIG. 11, in the elastography mode, the controlling unit 17
causes the transmitting and receiving unit 11 to transmit/
receive B-mode pulses so as to cause the monitor 2 to display
a B-mode image in a substantially real-time manner (step
S201). After that, the input unit 3 receives an input of a
firmness image display request (step S202). It should be noted
that, until the input unit 3 receives an input of a firmness
image display request (step S202: No), the controlling unit 17
causes the B-mode image to be displayed in a substantially
real-time manner and does not perform the processes at step
S203 and thereafter.

[0081] When the input unit 3 has received the input of the
firmness image display request (step S202: Yes), the control-
ling unit 17 judges, for example, whether the strength of the
reflected-wave signal of the B-mode pulse that was received
immediately prior is equal to or higher than the first threshold
value (step S203). The controlling unit 17 thus checks to see
if the ultrasound probe 1 is not positioned away from the
patient P.

[0082] If the strength of the reflected-wave signal is equal
to or higher than the first threshold value (step S203: Yes), the
controlling unit 17 judges whether the strength of the
reflected-wave signal is lower than the second threshold value
(step S204). The controlling unit 17 thus judges whether any
contrast agent is present in the body of the patient P.

[0083] If the strength of the reflected-wave signal is equal
to or higher than the second threshold value (step S204: No),
the controlling unit 17 causes the monitor 2 to display a screen
used for selecting whether push pulses should be transmitted
or not (step S205). If transmitting push pulses has been
selected (step S206: Yes), the controlling unit 17 causes the
transmitting and receiving unit 11 to stop the transmission/
reception of the B-mode pulses and to transmit push pulses
(step S207). Subsequently, the controlling unit 17 causes the
B-mode processing unit 12 to measure the propagation speed
of the shear wave (step S208). After that, the controlling umt
17 generates firmness image data on the basis of the measured
propagation speed (step S209). Subsequently, the controlling
unit 17 causes the monitor 2 to display the generated firmness
image data (step S210). After that, the controlling unit 17
resumes the transmission/reception of the stopped B-mode
pulses and causes a B-mode image to be displayed in a sub-
stantially real-time manner.

[0084] On the contrary, if transmitting push pulses has not
been selected (step S206: No), the controlling unit 17 ends the
process without causing any push pulse to be transmitted.
[0085] Further, if the strength of the reflected-wave signal
is lower than the second threshold value (step S204: Yes), the
controlling unit 17 proceeds to the process at step S207.
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[0086] Further, if the strength of the reflected-wave signal
is lower than the first threshold value (step S203: No), the
controlling unit 17 causes the monitor 2 to display a message
indicating that the transmission of push pulses is not permit-
ted (step S211). The controlling unit 17 may provide the
message by using an acoustic signal representing a buzzer or
speech.

[0087] In this situation, the processes at steps S203 and
S211 do not necessarily have to be performed. In other words,
it is acceptable to perform the process at step S204, after
performing the process at step S202. Further, in the present
example, the situation was explained in which the controlling
unit 17 performs the judging process by using the strength of
the reflected-wave signal of the B-mode pulse that was trans-
mitted/received immediately prior to the input of the firmness
image display request; however, possible embodiments are
not limited to this example.

[0088] As explained above, when it has been determined
that a contrast agent is present in the body of the patient P, the
ultrasound diagnosis apparatus according to the second
embodiment is able to leave the decision on whether push
pulses should be transmitted or not to the operator. In other
words, the ultrasound diagnosis apparatus according to the
second embodiment is configured so that, even when it has
been determined that a contrast agent is present in the body of
the patient P, it is possible to transmit the push pulses accord-
ing to the operator’s judgment.

[0089] Theultrasound diagnosis apparatus according to the
second embodiment is also configured so as to be able to
purposefully transmit an ultrasound wave under a predeter-
mined condition. Examples of ultrasound waves that are pur-
posefully transmitted under the predetermined condition
include an ultrasound wave for the use in a Drug Delivery
System (DDS) (hereinafter a “DDS ultrasound wave”). Next,
an example will be explained in which the ultrasound diag-
nosis apparatus according to the second embodiment is
applied to a DDS that employs ultrasound waves (hereinafter,
an “ultrasound DDS”).

[0090] First, the ultrasound DDS will be briefly explained.
Generally speaking, an ultrasound DDS may be configured so
that microbubbles enclosing a drug therein (hereinafter,
“drug bubbles”) are administered to a patient, and at the point
in time when the drug bubbles have reached a predetermined
site, the drug bubbles are destructed by emitting an ultrasound
wave from the outside of the body of the patient, so that the
enclosed drug is released on the inside of the patient. In this
situation, because the drug bubbles contain microbubbles like
contrast agents do, a powerful reflected-wave signal is
obtained in accordance with the quantity of drug bubbles that
are present in the body.

[0091] Accordingly, the ultrasound diagnosis apparatus
according to the second embodiment is used for transmitting
a DDS ultrasound wave that destructs drug bubbles adminis-
tered to a patient. More specifically, in the ultrasound diag-
nosis apparatus according to the second embodiment, the
controlling unit 17 receives an input of a request indicating
that a DDS ultrasound wave should be transmitted. After that,
the controlling unit 17 causes B-mode pulses to be transmit-
ted/received. If the strength of the reflected-wave signals of
the B-mode pulses in the predetermined second depth range is
equal to or higher than a second threshold value, the control-
ling unit 17 causes the monitor 2 to display a screen used for
selecting whether a DDS ultrasound wave should be trans-
mitted or not. Subsequently, if transmitting a DDS ultrasound
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wave has been selected, the controlling unit 17 causes the
transmitting and receiving unit 11 to transmit a DDS ultra-
sound wave. In this situation, the second threshold value is set
in accordance with, for example, the amount of drug to be
released on the inside of the patient, i.e., the quantity of the
drug bubbles that have reached the predetermined site.
[0092] As explained above, by using the ultrasound diag-
nosis apparatus according to the second embodiment, the
operator is able to cause the DDS ultrasound wave to be
transmitted at the stage when the drug bubbles have suffi-
ciently reached the predetermined site.

Third Embodiment

[0093] In the first and the second embodiments described
above, the example is explained in which the transmission of
the push pulses is controlled by using the brightness-level
values of the B-mode image that is displayed before the
firmness image is displayed or by using the strength of the
reflected-wave signals of the B-mode pulses that are trans-
mitted/received for the purpose of displaying the B-mode
image; however, possible embodiments are not limited to this
example. For instance, the ultrasound diagnosis apparatus
may control the transmission of the push pulses by perform-
ing a judging process with the use of a judgment-purpose
pulse that is different from the B-mode pulses and is for the
purpose of performing the judging process. Thus, as a third
embodiment, a process that is performed by the ultrasound
diagnosis apparatus to control the transmission of the push
pulses by using the judgment-purpose pulse, in place of the
B-mode pulses, will be explained.

[0094] FIG.12 is adrawing for explaining a workflow in an
elastography procedure according to the third embodiment.
The workflow illustrated in FIG. 12 is different from the
workflow illustrated in FIG. 5 because a judgment-purpose
pulse 12¢ is transmitted/received after an input of a firmness
image display request is received.

[0095] More specifically, as illustrated in FIG. 12, when the
input unit 3 has received an input of a firmness image display
request, the controlling unit 17 causes the transmitting and
receiving unit 11 to transmit/receive the judgment-purpose
pulse 12a. After that, the controlling unit 17 controls the
transmission of the push pulses, in accordance with the
strength of the reflected-wave signal of the received judg-
ment-purpose pulse 12a. More specifically, by using the
strength of the received reflected-wave signal, the controlling
unit 17 performs the process of judging whether the ultra-
sound probe 1 is positioned away from the patient P and
performs the process of judging whether any contrast agent is
present in the body of the patient P.

[0096] The judgment-purpose pulse that is transmitted/re-
ceived in the example illustrated in FIG. 12 is an ultrasound
wave transmitted/received for the purpose of performing the
judging process explained in the first and the second embodi-
ments and is therefore not used in the imaging process. For
this reason, for example, the judgment-purpose pulse may be
transmitted/received with respect to all the scanning lines in
the scanned region or may be transmitted/received with
respect to only one or more arbitrary scanning lines. Further,
the strength of the judgment-purpose pulse and other scan
conditions may be the same as those of the B-mode pulses or
may be different from those of the B-mode pulses. Further-
more, the judgment-purpose pulse is an example of an ultra-
sound wave that is transmitted with timing different from that
of the push pulses.
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[0097] As explained above, the ultrasound diagnosis appa-
ratus according to the third embodiment controls the trans-
mission of the push pulses by using the judgment-purpose
pulse, in place of the B-mode pulses. As a result, the ultra-
sound diagnosis apparatus according to the third embodiment
is able to safely use the ultrasound waves transmitted for the
purpose of changing the shape of a tissue in the body of the
patient, without the need to necessarily generate a B-mode
image.

[0098] The judgment-purpose pulse explained in the third
embodiment does not necessarily have to be transmitted/
received after a firmness image display request has been
input. In another example, judgment-purpose pulses may be
transmitted/received regularly.

[0099] FIG. 13 is a drawing for explaining a modification
example of the workflow in the elastography procedure
according to the third embodiment. The workflow illustrated
in FIG. 13 is different from the workflow illustrated in FIG. 12
because judgment-purpose pulses 13a are transmitted/re-
ceived regularly.

[0100] More specifically, as illustrated in FIG. 13, in a
mode in which it is possible to display a firmness image by
implementing elastography, the judgment-purpose pulses
134 are transmitted/received regularly with timing different
from that of the B-mode pulses. Even more specifically, the
controlling unit 17 causes the judgment-purpose pulses 13a
to be transmitted/received periodically with arbitrary timing,
so that each of the judgment-purpose pulses 134 is appropri-
ately inserted between B-mode pulses that are repeatedly
transmitted/received. Further, when the input unit 3 has
received an input of a firmness image display request, the
controlling unit 17 controls the transmission of the push
pulses in accordance with, for example, the strength of the
reflected-wave signal of the judgment-purpose pulse 13a that
was transmitted/received immediately prior to the input of the
firmness image display request. More specifically, by using
the strength of the received reflected-wave signal, the con-
trolling unit 17 performs the process of judging whether the
ultrasound probe 1 is positioned away from the patient P and
performs the process of judging whether any contrast agent is
present in the body of the patient P. Alternatively, the control-
ling unit 17 may use the strength of the reflected-wave signal
of a judgment-purpose pulse 13a that was transmitted/re-
ceived a number of seconds before a firmness image display
request is input. In other words, the controlling unit 17 con-
trols the transmission of the push pulses by using the strength
of the reflected-wave signal of any one of the plurality of
judgment-purpose pulses 13a transmitted/received regularly.

Other Configurations

[0101] The respective components in the respective appa-
ratuses shown in the explanation of the first to the third
embodiments are of functional concept, and it is not neces-
sarily required to be physically configured as shown in the
drawings. Specifically, a specific form of distribution and
integration of the respective devices are not limited to the
ones shown in the drawings, and it can be configured such that
all or a part thereof is functionally or physically distributed or
integrated in arbitrary units according to various kinds of load
and usage condition and the like. Furthermore, as for the
respective processing functions of the respective devices, all
or an arbitrary part thereof can be implemented by a central
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processing unit (CPU) and a computer program that is ana-
lyzed and executed by the CPU, or can be implemented as
hardware by wired logic.

[0102] For example, the ultrasound diagnosis apparatus
shown in FIG. 1 may be configured as shown in FIG. 14. FIG.
14 is a block diagram of an exemplary configuration of an
ultrasound diagnosis apparatus according to other embodi-
ments.

[0103] As illustrated in FIG. 14, an ultrasound diagnosis
apparatus includes an ultrasound probe 101, a display 102,
input circuitry 103, and an apparatus main body 110. The
ultrasound probe 101, the display 102, the input circuitry 103,
and the apparatus main body 110 correspond to the ultra-
sound probe 1, the monitor 2, the input unit 3, and the appa-
ratus main body 10 shown in FIG. 1, respectively. The input
circuitry 103 is an example of input circuitry in the accom-
panying claims.

[0104] The apparatus main body 110 includes transmitting
and receiving circuitry 111, B-mode processing circuitry 112,
Doppler processing circuitry 113, image generating circuitry
114, memory circuitry 115, and processing circuitry 116. The
transmitting and the receiving circuitry 111, the B-mode pro-
cessing circuitry 112, the Doppler processing circuitry 113,
the image generating circuitry 114, and the processing cir-
cuitry 116 correspond to the transmitting and receiving unit
11, the B-mode processing unit 12, the Doppler processing
unit 13, the image generating unit 14, and the controlling unit
17 shown in FIG. 1, respectively. The memory circuitry 115
correspond to the image memory 15 and the internal storage
unit 16 shown in FIG. 1. The processing circuitry 116 is an
example of processing circuitry in the accompanying claims.
[0105] The processing circuitry 116 performs a controlling
function that the controlling unit 17 performs. For example,
each of the respective processing functions performed by the
processing circuitry 116, is stored in the memory circuitry
115 in a form of a computer-executable program. The pro-
cessing circuitry 116 is a processor that loads programs from
the memory circuitry 115 and executes the programs so as to
implement the respective functions corresponding to the pro-
grams. In other words, the processing circuitry 116 that has
loaded the programs has the controlling function. That is, the
processing circuitry 116 loads a program corresponding to
the controlling function from the memory circuitry 115 and
executes the program so as to perform the same processing as
that of the controlling unit 17.

[0106] Forexample, Steps S103 to S106 illustrated in FIG.
10 is a step that is implemented by the processing circuitry
116 loading the program corresponding to the function of the
controlling unit 17 from the memory circuitry 115 and
executing the program.

[0107] In FIG. 14, the processing function performed by
the function of the controlling unit 17 is described as being
implemented in the single processing circuit. The function,
however, may be implemented by configuring a processing
circuit by combining a plurality of separate processors and
causing each of the processors to execute a program.

[0108] The term “processor” used in the above description
means, for example, a central preprocess unit (CPU) and a
graphics processing unit (GPU), or a circuit such as an appli-
cation specific integrated circuit (ASIC), a programmable
logic device (for example, a simple programmable logic
device (SPLD)), a complex programmable logic device
(CPLD), and a field programmable gate array (FPGA). The
processor implements a function by loading and executing a
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program stored in a storage circuit. Instead of being stored in
astorage circuit, the program may be built directly in a circuit
of the processor. In this case, the processor implements a
function by loading and executing the program built in the
circuit. The processors in the present embodiment are not
limited to a case in which each of the processors is configured
as a single circuit. A plurality of separate circuits may be
combined as one processor that implements the respective
functions. Furthermore, the components illustrated in FIG. 14
may be integrated into one processor that implements the
respective functions.
[0109] Therespective circuitry exemplified in FIG. 14 may
be distributed or integrated as appropriate. For example, the
processing circuitry 116 and the image generating circuitry
114 may be integrated.
[0110] The image processing method explained in any of
the first to the third embodiments described above may be
realized by causing a computer such as a personal computer
or a workstation to execute an image processing computer
program (hereinafter, an “image processing program”) that is
prepared in advance. The image processing program may be
distributed via a network such as the Internet. Further, it is
also possible to record the image processing program onto a
computer-readable non-transitory recording medium such as
ahard disk, a flexible disk (FD), a Compact Disk Read-Only
Memory (CD-ROM), a Magneto-optical (MO) disk, a Digital
Versatile Disk (DVD), or a flash memory such as a Universal
Serial Bus (USB) memory or a Secure Digital (SD) card
memory, so that a computer is able to read the image process-
ing program from the non-transitory recording medium and
to execute the read image processing program.
[0111] In the first to the third embodiments described
above, the example is explained in which the ultrasound
diagnosis apparatus controls the transmission of the push
pulses; however, possible embodiments are not limited to this
example. For instance, the first and the second embodiments
are similarly applicable not only to the push pulses, but also to
any other situations that use an ultrasound wave transmitted
for the purpose of changing the shape of a tissue in the body
of a patient, such as an ultrasound wave used in a DDS or an
ultrasound wave used for hemostasis.
[0112] According to at least one aspect of the exemplary
embodiments described above, it is possible to safely use the
ultrasound waves that are transmitted for the purpose of
changing the shape of a tissue in the body of a patient.
[0113] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
transmitting and receiving circuitry configured to transmit
a first ultrasound wave used for changing a shape of a
tissue in a body of a patient and transmits/receives a
second ultrasound wave that is transmitted/received
with timing different from that of the first ultrasound
wave,
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input circuitry configured to receive an input of a request
indicating that the first ultrasound wave should be trans-
mitted; and
processing circuitry, when the input circuitry has received
the input of the request, configured to control the trans-
mission of the first ultrasound wave in accordance with
a strength of a reflected-wave signal of the second ultra-
sound wave or one or more pixel values of an image
resulting from an imaging process performed by using
the reflected-wave signal of the second ultrasound wave.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is configured to permit the
first ultrasound wave to be transmitted, if the strength of the
reflected-wave signal in a predetermined first depth range is
equal to or higher than a first threshold value, whereas the
processing circuitry does not permit the first ultrasound wave
to be transmitted, if the strength of the reflected-wave signal
in the predetermined first depth range is lower than the first
threshold value.
3. The ultrasound diagnosis apparatus according to claim
2, wherein the first threshold value is set to a value that cannot
be exceeded if an ultrasound probe is positioned away from
the patient.
4. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is configured to permit the
first ultrasound wave to be transmitted, if the strength of the
reflected-wave signal in a predetermined second depth range
is lower than a second threshold value, whereas the process-
ing circuitry does not permit the first ultrasound wave to be
transmitted, if the strength of the reflected-wave signal in the
predetermined second depth range is equal to or higher than
the second threshold value.
5. The ultrasound diagnosis apparatus according to claim
4, wherein the second threshold value is set to a value that is
exceeded if a contrast agent is present in the body of the
patient.
6. The ultrasound diagnosis apparatus according to claim
2, wherein, if the processing circuitry does not permit the first
ultrasound wave to be transmitted, the processing circuitry is
configured to provide information indicating that the trans-
mission of the first ultrasound wave is not permitted.

11

Aug. 6, 2015

7. The ultrasound diagnosis apparatus according to claim
2, wherein, if the processing circuitry does not permit the first
ultrasound wave to be permitted, the processing circuitry is
configured to cause a predetermined display to display a
screen used for selecting whether the first ultrasound wave
should be transmitted or not.
8. The ultrasound diagnosis apparatus according to claim
1, wherein, when the input circuitry has received the input of
the request, the processing circuitry is configured to cause the
transmitting and receiving circuitry to transmit the second
ultrasound wave and controls the transmission of the first
ultrasound wave in accordance with the strength of the
reflected-wave signal of the second ultrasound wave or one or
more pixel values of an image resulting from an imaging
process performed by using the second ultrasound wave.
9. The ultrasound diagnosis apparatus according to claim
1, wherein
as the second ultrasound wave, the transmitting and receiv-
ing circuitry regularly transmits/receives an ultrasound
wave that is different from a B-mode ultrasound wave,
with timing that is different from that of the B-mode
ultrasound wave, and
when the input circuitry has received the input of the
request, the processing circuitry is configured to control
the transmission of the first ultrasound wave, in accor-
dance with a strength ofa reflected-wave signal of one of
the second ultrasound waves transmitted/received regu-
larly by the transmitting and receiving circuitry.
10. An image processing method comprising:
transmitting/receiving a second ultrasound wave with tim-
ing different from that of a first ultrasound wave used for
changing a shape of a tissue in a body of a patient;
receiving an input of a request indicating that the first
ultrasound wave should be transmitted; and
controlling, when the input of the request has been
received, the transmission of the first ultrasound wave, in
accordance with a strength of a reflected-wave signal of
the second ultrasound wave or one or more pixel values
of an image resulting from an imaging process per-
formed by using the second ultrasound wave.
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