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ULTRASOUND APPARATUS AND
ULTRASOUND APPARATUS CONTROLLING
METHOD AND NON-TRANSITORY
COMPUTER READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2011/080301 filed on Dec.
27, 2011 which designates the United States, and which
claims the benefit of priority from Japanese Patent Applica-
tion No. 2010-291087, filed on Dec. 27, 2010; the entire
contents of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound apparatus and an ultrasound apparatus control-
ling method and a non-transitory computer readable medium.

BACKGROUND

[0003] An ultrasound diagnosis apparatus has beenused for
tests and diagnosis for various body tissues such as the heart,
liver, kidney, and mammary gland. Recently, an ultrasonic
contrast agent (hereinafter, “contrast agent”) of an intrave-
nous administration type has been commercially introduced,
and the contrast echo method has been used. With the contrast
echo method, minute bubbles (hereinafter, “microbubbles™)
or the like are intravenously administered as a contrast agent
to enhance the blood-flow signals, realizing clear observation
of the blood flowing state.

[0004] Furthermore, research has been conducted on appli-
cation of ultrasound to medical treatment. Through such
research, it has been confirmed that, when emitting ultra-
sound waves onto the subject, pores are temporarily formed in
cells by mechanical action of cavitation, and that they make
genes and medicinal substances easy to permeate into the
cells. It has also been confirmed that, when microbubbles are
injected, pores are temporarily formed in cells by mechanical
action of cavitation of the microbubbles even if the ultrasonic
sound pressure is low, and that they enhance the permeation
of genes and medicinal substances into the cells. The phe-
nomenon that ultrasonic irradiation improves the permeation
of genes or medical substances into the cells is sometimes
called as “sonopolation”.

[0005] The problem to be solved by the present invention is
to present an ultrasound apparatus that can enhance the pen-
etration of genes and medicinal substances into a specific site
by use of microbubbles, and a controlling method and a
non-transitory computer readable medium for such an ultra-
sound apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram for showing an example
structure of an ultrasound apparatus according to the first
embodiment;

[0007] FIG. 2 is a block diagram for showing an example
structure of a controlling unit according to the first embodi-
ment;

[0008] FIG. 3 is a diagram for showing an example of an
ultrasound transmitting process performed by the ultrasound
apparatus according to the first embodiment;
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[0009] FIG. 4 is a diagram for showing an example of the
ultrasound transmitting process petformed by the ultrasound
apparatus according to the first embodiment;

[0010] FIG. 5 is a diagram for showing an example of the
ultrasound transmitting process performed by the ultrasound
apparatus according to the first embodiment;

[0011] FIG. 6 is a flowchart of an example procedure of a
process performed by the controlling unit according to the
first embodiment;

[0012] FIG. 7 is a flowchart of an example procedure of a
process performed by the ultrasound apparatus according to
the first embodiment;

[0013] FIG. 8 is a diagram for explaining the process per-
formed by the ultrasound apparatus when the ultrasound
wave is three-dimensionally transmitted,;

[0014] FIG. 9 is a diagram for showing an example screen
on which a volume image and cross-sectional images are
displayed in parallel,

[0015] FIG. 10 is a block diagram for showing an example
structure of the controlling unit according to the second
embodiment;

[0016] FIG. 11 is a diagram for explaining an example of
the process performed by the controlling unit according to the
second embodiment;

[0017] FIG. 12 is a block diagram for showing an example
structure of the controlling unit according to the third
embodiment;

[0018] FIG. 13 is a block diagram for showing an example
structure of a storage unit and the controlling unit according
to the fourth embodiment;

[0019] FIG. 14 is a diagram for showing an example of a
transmission condition storage unit;

[0020] FIG. 15 is a flowchart of an example procedure of
the process performed by the controlling unit according to the
fourth embodiment;

[0021] FIG. 16 is a block diagram for showing an example
structure of the storage unit and the controlling unit according
to the fifth embodiment;

[0022] FIG. 17 is a diagram for showing an example of a
decision condition storage unit; and

[0023] FIG. 18 is a flowchart of an example procedure of a
process performed by the controlling unit according to the
fifth embodiment.

DETAILED DESCRIPTION

[0024] The ultrasound apparatus according to the present
embodiments includes a receiving unit and a probe control-
ling unit. The receiving unit receives the settings in relation to
the transmission condition of an ultrasound wave for each
scanning line of the ultrasound wave transmitted by an ultra-
sound probe. The probe controlling unit controls the ultra-
sound probe in accordance with the transmission condition
that is received by the receiving unit for each scanning line so
that the ultrasound wave is emitted to the subject with a
contrast agent injected.

First Embodiment

[0025] First, the structure of the ultrasound apparatus
according to the first embodiment is explained with reference
to FIG. 1. FIG. 1 is a block diagram for showing an example
structure of the ultrasound apparatus according to the first
embodiment. An ultrasound apparatus 1 illustrated in FIG. 1
can be used as an ultrasound diagnosis apparatus for conduct-
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ing a diagnosis of a subject, or as an ultrasound treatment
apparatus for providing a subject with treatment. Such an
ultrasound apparatus 1 includes an ultrasound probe 10, an
input device 20, a monitor 30, and an apparatus main body
100, as illustrated in FIG. 1.

[0026] The ultrasound probe 10 includes multiple piezo-
electric vibrators, and these piezoelectric vibrators generate
ultrasound waves in accordance with a drive signal supplied
from a later-described transmitting/receiving unit 110 of the
apparatus main body 100. Furthermore, the ultrasound probe
10 receives reflection signals from the subject P and converts
them to electric signals. The ultrasound probe 10 also
includes a matching layer arranged on the piezoelectric vibra-
tors, a backing material that prevents the ultrasound waves
from propagating backward from the piezoelectric vibrators,
and the like. The ultrasound probe 10 is detachably connected
to the apparatus main body 100.

[0027] When an ultrasound wave is transmitted from the
ultrasound probe 10 to the subject P, the transmitted ultra-
sound wave is reflected sequentially from the surface of the
body tissue of the subject P where the acoustic impedance is
discontinuous, and received as a reflection wave signal by
multiple piezoelectric vibrators included in the ultrasound
probe 10. The amplitude of the received reflection wave sig-
nal depends on the difference in the acoustic impedances that
appear on the discontinuous surface where the ultrasound
wave is reflected. The reflection wave signal obtained when a
transmitted ultrasonic pulse is reflected from the flowing
bloodstream or a surface such as the cardiac wall depends on
the velocity component of the moving target with respect to
the transmission direction of the ultrasound wave because of
the Doppler effect, and its frequency is thereby shifted.
[0028] The input device 20 is connected to the apparatus
main body 100, and includes a trackball 21, various switches
22, various buttons 23, a mouse 24, a keyboard 25, and the
like. Such an input device 20 captures various instructions
from the operator, aninstruction on the setting of the region of
interest (ROI), an instruction on the setting of image quality
conditions of an ultrasonic image, and the like into the appa-
ratus main body 100.

[0029] The monitor 30 displays a graphical user interface
(GUI) for the operator of the ultrasound apparatus 1 to per-
form various settings by use of the input device 20, and also
displays ultrasonic images generated by the apparatus main
body 100. More specifically, the monitor 30 displays mor-
phological information or bloodstream information of the
living body as an image, in accordance with video signals
input from a later-described image generating unit 140.
[0030] The apparatus main body 100 generates an ultra-
sonic image in accordance with the reflection wave signals
received by the ultrasound probe 10. As illustrated in FIG. 1,
the apparatus main body 100 includes a transmitting/receiv-
ing unit 110, a B-mode processing unit 120, a Doppler pro-
cessing unit 130, an image generating unit 140, an image
memory 150, a software storage unit 160, an interfacing unit
170, a storage unit 180, and a controlling unit 190. The
transmitting/receiving unit 110, the B-mode processing unit
120, the Doppler processing unit 130, the image generating
unit 140, and the like that are arranged inside the apparatus
main body 100 may be realized by hardware such as an
integrated circuit or by a software program that is modular-
ized in the form of software.

[0031] The transmitting/receiving unit 110 includes adelay
circuit, a pulsar circuit, a trigger generating circuit and the
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like that are not shown, and supplies a drive signal to the
ultrasound probe 10. The pulse generating circuit repeatedly
generates rate pulses at a certain pulse repetition frequency
(PRF) for forming a transmission ultrasound wave. The pulse
repetition frequency is also referred to as a rate frequency, or
the like. In addition, the delay circuit gathers the ultrasound
wave emitted from the ultrasound probe 10 into a beam, and
also gives each rate pulse a delay time for each piezoelectric
vibrator that is necessary to determine the transmission direc-
tionality. Moreover, the trigger generating circuit applies a
drive signal (drive pulse) to the ultrasound probe 10 at a
timing based on each rate pulse to which a delay time is given
by the delay circuit. The transmission direction or the delay
time that determines the transmission direction is stored in the
storage unit 180, and the delay circuit gives the delay time by
referring to the storage unit 180.

[0032] In addition, the transmitting/receiving unit 110 has
an amplifying circuit, an analog/digital (A/D) converter, an
adder, and the like that are not shown, and it performs various
kinds of processing onto the reflection wave signals received
by the ultrasound probe 10 to generate reflection wave data.
The amplifying circuit amplifies the reflection wave signals
for different channels. The A/D converter performs A/D con-
version onto the amplified reflection wave signals, and gives
them a delay time that is necessary to determine the reception
directionality. The adder performs an adding process onto the
reflection wave signals to which the delay time is given and
generates reflection wave data. Through the adding process
performed by the adder, the reflection component of the
reflection wave signal from a direction corresponding to the
reception directionality is enhanced, and thereby an ultra-
sonic transmission/reception total beam is formed in accor-
dance with the reception directionality and the transmission
directionality. In a similar manner as the transmission, the
reception direction or the delay time for determining the
reception direction is stored in the storage unit 180.

[0033] The transmitting/receiving unit 110 has a function
of instantly changing the delay information, the transmission
frequency, the transmission driving voltage, the number of
aperture elements, and the like according to an instruction
from the controlling unit 190. Especially when the transmis-
sion driving voltage is to be changed, it is realized by a
linear-amplifier transmitting circuit that can instantly switch
its value, or a mechanism that can electrically switch multiple
power supply units. In this manner, the transmitting/receiving
unit 110 controls the transmission directionality and the
reception directionality in the ultrasonic transmission and
reception.

[0034] TheB-mode processing unit 120 receives the reflec-
tion wave data from the transmitting/receiving unit 110, per-
forms logarithmic amplification and envelope detection pro-
cessing and the like thereon, and thereby generates data that
expresses the signal intensity in brightness level (B-mode
data).

[0035] Here, the B-mode processing unit 120 can change
the frequency band for imaging by changing the detection
frequency. Moreover, the B-mode processing unit 120 can
perform detection processing onto one piece of reflection
wave data by use of two detection frequencies in parallel. By
using the function of the B-mode processing unit 120, the
reflection wave data of the subject P with microbubbles
injected can be separated into the reflection wave data that is
reflected from the microbubbles and generated from a band
signal of a sub-harmonic or a higher harmonic wave of the
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transmission frequency, and the reflection wave data that is
reflected from the tissue of the subject P and generated from
a band signal of a fundamental wave corresponding to the
transmission frequerncy. In other words, the B-mode process-
ing unit 120 can generate B-mode data for generating a con-
trast enhanced image, as well as B-mode data for generating
a tissue image. As a result, the later-described image gener-
ating unit 140 can generate a contrast enhanced image that
visualizes the contrast agent flowing inside the subject P with
ahigh sensitivity and a tissue image that visualizes the tissue.
[0036] The above transmitting/receiving unit 110 can also
transmit different waveforms for different ultrasonic scan-
ning lines. For example, if pulse inversion, which is an imag-
ing method of generating a contrast enhanced image with the
second-order harmonic component enthanced, is to be imple-
mented, the transmitting/receiving unit 110 transmits a wave-
form that is 180 degrees out of phase with the waveform of the
first transmission (i.e., a waveform the amplification of which
is inverted) for the second time, and thereby generates reflec-
tion wave data for each. Then, the B-mode processing unit
120 adds up the two pieces of reflection wave data received
from the transmitting/receiving unit 110 so that a signal in
which the fundamental component is suppressed while the
second harmonic component is doubled can be acquired.
[0037] The Doppler processing unit 130 performs a fre-
quency analysis onto the velocity information from the reflec-
tion wave data received from the transmitting/receiving unit
110, extracts echo components of the bloodstream, the tissue,
and the contrast agent by using the Doppler effect, and cal-
culates the bloodstream information such as average velocity,
distribution, and power at multiple points.

[0038] The image generating unit 140 generates a B-mode
image in which the signal intensity is expressed in brightness
level, from the B-mode data generated by the B-mode pro-
cessing unit 120, and generates a color Doppler image that
displays power components and the like indicating the blood
flow rate, distribution, and blood flow volume in colors in a
distinguishable manner, from the bloodstream information
generated by the Doppler processing unit 130. The data
before being input to the image generating unit 140 may be
referred to as “raw data”.

[0039] More specifically, the image generating unit 140
includes a signal processing unit, a scan converter, and an
image processing unit that are not shown. The signal process-
ing unit executes a filtering process onto the B-mode data and
the Doppler data to remove noise components from an ultra-
sonic scanning line signal string, and stores the data that is
subjected to the filtering process into the image memory 150.
The scan converter converts the ultrasonic scanning line sig-
nal string of the data subjected to the filtering process by the
signal processing unit to a scanning line signal string in com-
mon video format such as for TV. The image processing unit
executes, onto the scanning line signal string that is output
from the scan converter, the brightness and contrast adjusting
process, the imaging process such as space filtering, or the
process of combining character information of various setting
parameters and memories, and outputs it as a video signal
onto the monitor 30. In this manner, an ultrasonic image such
as a tomographic image that is generated by the image gen-
erating unit 140 to show the shape of the tissue of the subject
is displayed onto the monitor 30.

[0040] The image memory 150 is a memory that stores
therein ultrasonic images generated by the image generating
unit 140 and images generated by performing image process-
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ing onto an ultrasonic image. For example, after a diagnosis,
the operator is allowed to retrieve an image stored during a
test from the image memory 150 and to reproduce it as a still
image or reproduce multiple images as a moving video. Fur-
thermore, the image memory 150 stores image brightness
signals that have passed through the transmitting/receiving
unit 110, other raw data, images acquired through the net-
work, and the like, as need arises.

[0041] The software storage unit 160 is a storage area in
which various apparatus controlling programs are expanded
by the later-described controlling unit 190.

[0042] The interfacing unit 170 is an interface for the input
device 20, a new external storage device (not shown in the
drawings), and the network. The data obtained by the ultra-
sound apparatus 1 such as an ultrasonic image can be trans-
ferred to another apparatus by the interfacing unit 170 by way
of a network.

[0043] The storage unit 180 stores therein various appara-
tus controlling programs for executing scan sequences, image
processing, display processing and the like, and various data
groups such as diagnosis information (e.g., subject IDs and
doctor’s remarks), diagnosis protocols and various setting
information. The apparatus controlling programs may
include a program that describes the procedure of a process
similar to the one performed by the controlling unit 190.
Moreover, the storage unit 180 is also used to maintain ultra-
sonic images stored in the image memory 150 if necessary.
The data stored in the storage unit 180 may be transmitted to
an external peripheral device by way of the interfacing umt
170.

[0044] The controlling unit 190 is a controlling processor
(central processing unit or CPU) that realizes a function of an
information processing apparatus (computer), and it controls
the entire processing of the ultrasound apparatus 1. More
specifically, the controlling unit 190 expands various instruc-
tions input by the operator through the input device 20 and
setting instructions and various apparatus controlling pro-
grams read from the storage unit 180 onto the software stor-
age unit 160, controls the processing of the transmitting/
receiving unit 110, the B-mode processing unit 120, the
Doppler processing unit 130, and the image generating unit
140 in accordance with various kinds of setting information,
and also performs control in such a manner that an ultrasonic
image stored in the image memory 150 or the like can be
displayed on the monitor 30.

[0045] The overall structure of the ultrasound apparatus 1
according to the first embodiment has been explained above.
With such a structure, the ultrasound apparatus 1 according to
the first embodiment makes the operator set ultrasonic trans-
mission conditions for each scanning line of the ultrasound
wave emitted by the ultrasound probe 10. Then, when ultra-
sonic transmission conditions are set for each scanning line,
the ultrasound apparatus 1 controls the ultrasound probe 10 in
such a manner as to emit an ultrasound wave in accordance
with the transmission conditions of the scanning line. In other
words, the ultrasound apparatus 1 can apply ultrasound waves
to the subject P in accordance with transmission conditions
that differ depending on a spatial position.

[0046] The “ultrasonic transmission conditions” here mean
various conditions of ultrasound waves transmitted by the
ultrasound probe 10. For example, they indicate the sound
pressure, the frequency, the pulse repetition frequency, the
transmission rate that is the number of signals used for gen-
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erating one ultrasonic beam, the waveform, and the like
regarding each ultrasound wave.

[0047] The ultrasound apparatus 1 can change the ultra-
sonic transmission conditions for individual scanning lines,
for example, when an ultrasound wave is applied to the sub-
ject P to whom microbubbles are injected, and thus it can
break or fractionate microbubbles at a specific site that the
operator desires or can create cavitation by resonating the
microbubbles with the ultrasound wave. In this manner, the
ultrasound apparatus 1 can inject microbubbles into even a
small blood vessel such as a capillary at a specific site. Fur-
thermore, if microbubbles that contain medicinal substances
are injected to the subject P, the ultrasound apparatus 1 can
accelerate the permeation of the medicine through a specific
treatment site such as a blood vessel or a tumor. The ultra-
sound apparatus 1 according to the first embodiment is
explained in detail below with reference 1o FIGS. 2to 7. In the
explanation below, it is assumed that the microbubbles con-
tain a medicinal substance.

[0048] FIG. 2 is a block diagram for showing an example
structure of the controlling unit 190 according to the first
embodiment. As illustrated in FIG. 2, the controlling unit 190
includes a receiving unit 191 and a probe controlling unit 192.
[0049] The receiving unit 191 receives the settings for the
ultrasonic transmission conditions for each scanning line of
the ultrasound wave emitted by the ultrasound probe 10. For
example, when the operator performs an operation of setting
the ultrasonic transmission condition by use of the input
device 20, the receiving unit 191 receives the settings of the
ultrasonic transmission conditions for each scanning line
from the input device 20. Then, when receiving the ultrasonic
transmission conditions, the receiving unit 191 stores the
received transmission conditions into the storage unit 180, a
not-shown internal memory, or the like.

[0050] The operator may input the ultrasonic transmission
conditions for each scanning line, for example, by use of the
keyboard 25. Furthermore, if the ultrasound apparatus 1 dis-
plays transmission condition options onto the monitor 30, the
operator may select an ultrasonic transmission condition, for
example, from among the transmission condition options dis-
plaved on the monitor 30, by use of the trackball 21, the
mouse 24, or the like.

[0051] The probe controlling unit 192 controls the ultra-
sound probe 10 in such a manner as to transmit an ultrasound
wave in accordance with the transmission conditions received
for individual scanning lines by the receiving unit 191. For
example, when the receiving unit 191 stores the transmission
conditions for the individual scanning lines in the storage unit
180, the probe controlling unit 192 controls the ultrasonic
transmission process performed by the ultrasound probe 10
for the individual scanning lines by use of the transmission
conditions stored for the individual scanning lines in the
storage unit 180.

[0052] Next, an example of the ultrasound transmitting pro-
cess performed by the ultrasound apparatus 1 according to the
first embodiment is explained with reference to FIGS. 3 to 5.
FIGS. 3 to 5 are diagrams for showing examples of the ultra-
sound transmitting process performed by the ultrasound
apparatus 1 according to the first embodiment. In FIGS. 3 to
5, examples in which an ultrasound wave is transmitted to a
region of interest R10 are illustrated.

[0053] Inthe examples of FIGS. 3 to 5, a treatment site T11
is located in the vicinity of a blood vessel B11 having a blood
flow direction D1, and microbubbles containing a medicinal
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substance is injected to the blood vessel B11. Furthermore,
for the ultrasound apparatus 1 according to the first embodi-
ment, it is preferable that the sound pressure of the ultrasound
wave is “P5”, the frequency of the ultrasound wave is “F107,
and the pulse repetition frequency of the ultrasound wave is
“RF5”.

[0054] First, an example of FIG. 3 is explained. In the
example of FIG. 3, the purpose is to permeate the medicinal
substance throughout the treatment site T11. More specifi-
cally, in the example of F1G. 3, a sound pressure “P10”, which
is higher than the sound pressure “P5” for generating an
ultrasonic image, is set for the ultrasound wave in the scan-
ning lines [.11 to L15. In this manner, an ultrasound wave
having the high sound pressure “P10” is emitted to the entire
region of interest R10, which makes the microbubbles in the
blood vessel B11 easy to break. In other words, in the example
of FIG. 3, the ultrasound apparatus 1 can break microbubbles
in the vicinity of the treatment site T11, and as a result, the
permeation of the medicinal substance into the treatment site
T11 can be accelerated.

[0055] In addition, as illustrated in FIG. 3, a frequency
“F5”, which is lower than the frequency “F10” adopted for
generating an ultrasonic image, is set for the ultrasound wave
in the scanning lines [11 to L15. To explain this point,
microbubbles are easier to break with an ultrasound wave of
alower frequency, as can be seen from the fact that a mechani-
cal index (MI) that is an index of ultrasonic action to the living
body with cavitation is represented by a value obtained by
dividing the negative sound pressure by the square root of the
frequency. In the example of FIG. 3, the purpose is to perme-
ate the medicinal substance throughout the treatment site
T11. Thus, if the frequency of the ultrasound wave is set low,
the microbubbles become easy to break. As a result, the
ultrasound apparatus 1 can accelerate the permeation of the
medicinal substance into the treatment site T11.

[0056] Furthermore, as illustrated in FIG. 3, a “RF10”,
which is higher than the pulse repetition frequency “RF5”
adopted for generating an ultrasonic image, is set for the pulse
repetition frequency of the ultrasound wave in the scanning
lines L11 to L15. By setting the pulse repetition frequency
high, the number of ultrasonic pulses emitted from the ultra-
sound probe 10 per unit time increases. This breaks or frac-
tionates the microbubbles inside the blood vessel B11 more
effectively, and as a result, the permeation of the medicinal
substance into the treatment site T11 can be accelerated. A
value that is set high for the pulse repetition frequency
reduces a period of time for receiving reflection wave signals
from the subject P. However, in the example of FIG. 3, the
purpose is to permeate the medicinal substance into the treat-
ment site T11, and not in generation of ultrasonic images, and
therefore this should not raise any problem. Thus, in the
example of FIG. 3, the pulse repetition frequency “RF10”
may be 30 [kHz] or greater.

[0057] As described above, in the example of FIG. 3, the
sound pressure is set high, the frequency is set low, and the
pulse repetition frequency is set high for the ultrasound wave
that is to be applied in the vicinity of the treatment site T11.
Hence, the ultrasound apparatus 1 can break or fragment the
microbubbles in the vicinity of the treatment site T11, and can
accelerate the permeation of the medicinal substance into the
treatment site T11.

[0058] An example of FIG. 4 is now explained. In the
exampleof FIG. 4, the purpose is to accelerate the injection of
microbubbles into the treatment site T11 and generate an
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ultrasonic image in which the blood flowing state of small
blood vessels such as capillaries is clearly shown. More spe-
cifically, in the example of FIG. 4, a sound pressure “P10”,
which is higher than the sound pressure “P5” adopted for
generating an ultrasonic image, is set for the ultrasound wave
of the scanning line L.11, while the sound pressure “P5” is set
for the ultrasound wave of the scanning lines .12 to [.15. As
shown above, by setting the sound pressure of the scanning
line L11 that is applied to the site immediately before the
blood reaches the treatment site T11 to “P10”, microbubbles
can be fragmented immediately before the treatment site T11.
In this manner, the diameters of microbubbles can be reduced,
and thereby the microbubbles can be injected to the capillar-
ies and the like inside the treatment site T11.

[0059] Moreover, as shown in FIG. 4, the frequencies of the
ultrasound waves in the scanning lines .11 to 15 increase
from the scanning lines 111 to L12, .13, L14, and L15. In
other words, the frequency gradually becomes higher as the
bloodstream flows down. To explain this point, in the example
of FIG. 4, because the sound pressure of the ultrasound wave
in the scanning line L11 is set to “P10”, microbubbles are
fragmented at the position of the scanning line .11, reducing
the diameters of the microbubbles. Then, because the ultra-
sound waves are also applied in the downstream of the blood
flow, it is assumed that the diameters of the microbubbles
become smaller as the bloodstream flows down. With the
smaller diameter, the resonant frequency of the microbubbles
resonating with the ultrasound wave increases. Thus, as
shown in the example of FIG. 4, the frequency is set in such a
manner as to increase gradually from the scanning line L11 to
the scanning line 115 so that the microbubbles can resonate
with the ultrasound waves.

[0060] Inaddition, as illustrated in FIG. 4, the pulse repeti-
tion frequency of the ultrasound wave in the scanning lines
L11to L15is set to the pulse repetition frequency “RF5” that
is adopted for generating an ultrasonic image. This is because
the purpose is to generate an ultrasonic image in the example
of FIG. 4.

[0061] As described above, in the example of FIG. 4, the
sound pressure of the scanning line T.11 is set high, the fre-
quency of the ultrasound wave gradually increases in the
bloodstream direction, and the pulse repetition frequency is
set low. In this manner, the ultrasound apparatus 1 can frag-
ment the microbubbles immediately before the treatment site
T11. Thus, it can inject microbubbles into the capillaties or
the like in the treatment site T11 and can generate an ultra-
sonic image that clearly shows the blood flowing state of
small blood vessels.

[0062] Next, an example illustrated in FIG. 5 is explained.
In the example of FIG. 5, the purpose is to inject genes or
medical substances into the treatment site T11 by using cavi-
tation of the microbubbles. More specifically, in the example
of FIG. 5, the sound pressure and frequency of the ultrasound
wave is set in a similar manner to the example of FIG. 4.
Furthermore, as shown in FIG. 5, the pulse repetition fre-
quency of the ultrasound wave in the scanning lines L11 to
L151s set to “RF10”, which is higher than the pulse repetition
frequency “RF5” that is adopted for generating an ultrasonic
image.

[0063] As described above, in the example of FIG. 5, the
sound pressure of the scanning line [.11 that is applied to the
blood vessel before the blood reaches the treatment site T11 is
set high, the frequency of the ultrasound wave is set to gradu-
ally increase in the direction of the bloodstream, and the pulse
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repetition frequency is set high. In this manner, the ultrasound
apparatus 1 can fragment microbubbles immediately before
the treatment site T11 and maintain the formation of cavita-
tion, which can accelerate the permeation of genes and medi-
cal substances into the treatment site T11. Moreover, because
the pulse repetition frequency is set high, the microbubbles
can be effectively fragmented and the cavitation can be main-
tained in the scanning line L11. For example, the ultrasound
apparatus 1 can conduct treatment on the treatment site T11,
by visualizing the blood flowing state in the treatment site
T11 in accordance with the transmission conditions illus-
trated in FIG. 4, and then applying ultrasound waves in accor-
dance with the transmission conditions illustrated in FIGS. 3
and 5.

[0064] Next, the procedure of the process performed by the
controlling unit 190 according to the first embodiment is
explained, with reference to FIG. 6. FIG. 6 is a flowchart of an
example of the procedure of the process performed by the
controlling unit 190 according to the first embodiment.
[0065] As indicated in FIG. 6, the receiving unit 191 of the
ultrasound apparatus 1 determines whether the result of the
operation of setting a transmission condition of the ultra-
sound wave for each scanning line is received (step S101).
Here, if no transmission condition for a scanning line is
received (no at step S101), the receiving unit 191 goes into
standby mode.

[0066] On the other hand, when a transmission condition
for ascanning lineis received (yes at step S101), the receiving
unit 191 holds the received transmission condition for each
scanning line (step S102). Thereafter, the probe controlling
unit 192 controls the ultrasound probe 10 in such a manner as
to emit an ultrasound wave in accordance with the transmis-
sion condition received by the receiving unit 191 for each
scanning line (step S103).

[0067] Next,ausage example of the ultrasound apparatus 1
according to the first embodiment is explained with reference
to F1G. 7. FIG. 7 is a flowchart of an example procedure of the
process performed by the ultrasound apparatus 1 according to
the first embodiment.

[0068] In the example of FIG. 7, first, when the operator
operates the input device 20, the ultrasound apparatus 1
receives an ultrasonic transmission condition that is suitable
for displaying an ultrasonic image (step S201). Then, the
ultrasound apparatus 1 generates an ultrasonic image of the
subject P, and displays the generated ultrasonic image onto
the monitor 30 (step S202).

[0069] Thereafter, when the operator operates the input
device 20, the ultrasound apparatus 1 receives a ROI setting
request (step S203). Then, the ultrasound apparatus 1 sets a
ROI up in accordance with the ROI setting request (step
S204).

[0070] Next, the ultrasound apparatus 1 executes a treat-
ment process (step S205). This treatment process is the one
illustrated in FIG. 6. That is, the ultrasound apparatus 1 makes
the operator set a transmission condition for each scanning
line, and transmits an ultrasound wave to the subject P in
accordance with the set-up transmission condition for each
scanning line. For example, the ultrasound apparatus 1 trans-
mits the ultrasound wave to the subject P in accordance with
the ultrasonic transmission conditions illustrated in FIG. 3,
and thereby conducts treatment onto the subject P.

[0071] Then, the ultrasound apparatus 1 receives an ultra-
sonic transmission condition suitable for displaying an ultra-
sonic image (step S206). For example, the ultrasound appa-
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ratus 1 receives ultrasonic transmission conditions illustrated
in FIG. 4, transmits an ultrasound wave to the subject P in
accordance with the transmission conditions, and thereby
generates an ultrasonic image of the subject P. Then, the
ultrasound apparatus 1 displays the generated ultrasonic
image onto the monitor 30 (step S207). In this manner, the
ultrasound apparatus 1 can display an ultrasonic image that
clearly presents the blood flowing state of small blood ves-
sels. In such a manner, the operator of the ultrasound appa-
ratus 1 observes the ultrasonic image and thereby sees
whether the medical substance is effectively administered to
the subject P.

[0072] Then, the ultrasound apparatus 1 determines
whether a termination operation is received (step S208).
Here, when a termination operation is not yet received (no at
step S208), the ultrasound apparatus 1 returns to step S205.
On the other hand, when a termination operation is received
(ves at step S208), the ultrasound apparatus 1 terminates the
process.

[0073] As discussed above, according to the first embodi-
ment, the ultrasound apparatus 1 includes the receiving unit
191 that receives an ultrasonic transmission condition for
each scanning line and the probe controlling unit 192 that
controls the ultrasound probe 10 in such a manner as to
transmit an ultrasound wave in accordance with the transmis-
sion condition received by the receiving unit 191 for each
scanning line, and therefore it can accelerate the permeation
of genes and medicinal substances into a specific site by use
of microbubbles.

[0074] For example, when a medicinal substance is con-
tained in the microbubbles, the ultrasound apparatus 1 can
accelerate the permeation of the medicinal substance into a
specific treatment site. In addition, for example, the ultra-
sound apparatus 1 can accelerate the permeation of
microbubbles into a site such as capillaries, and as a result, it
can generate an ultrasonic image that clearly depicts the
blood flowing state of small blood vessels. As discussed
above, with the ultrasound apparatus 1 according to the first
embodiment, the operator can set ultrasonic transmission
conditions for individual scanning lines. Thus, ultrasonic
transmission conditions can be flexibly set up in accordance
with the shape of the treatment site or the like so as to be
suitable for the treatment site. Furthermore, because theultra-
sound apparatus 1 according to the first embodiment can set
ultrasonic transmission conditions for individual scanning
lines, an ultrasound wave of a high sound pressure can be
applied, for example, to the treatment site only, while apply-
ing an ultrasound wave of a low sound pressure to a site other
than the treatment site.

[0075] In the above, examples in which ultrasound waves
are two-dimensionally transmitted by the ultrasound probe 10
have been explained, as illustrated in FIGS. 3 to 5. The ultra-
sound apparatus 1 according to the first embodiment, how-
ever, is also applicable to three-dimensional transmission of
ultrasound waves by the ultrasound probe 10. This is now
explained in detail with reference to FIG. 8. FIG. 8 is a
diagram for explaining a process performed by the ultrasound
apparatus 1 when ultrasound waves are three-dimensionally
transmitted.

[0076] The ultrasound apparatus 1 explained below
includes, as the ultrasound probe 10, for example, a mechani-
cal scan probe that mechanically vibrates an ultrasound probe
having multiple piezoelectric vibrators that are linearly
arranged, an ultrasound probe having multiple piezoelectric
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vibrators that are arranged in a matrix form, or the like. The
ultrasound apparatus 1 having such an ultrasound probe 10
generates a volume image that is a three-dimensional ultra-
sonic image in time series, and displays the generated volume
image.

[0077] In the example of FIG. 8, the ultrasound probe 10
includes piezoelectric vibrators on a transmission surface
M11 from which the ultrasound waves are emitted. In the
example of FIG. 8, the ultrasound apparatus 1 causes the
piezoelectric vibrators arranged in a two-dimensional region
11a among the piezoelectric vibrators of the ultrasound probe
10 to transmit an ultrasound wave in accordance with specific
transmission conditions, and thereby accelerates the perme-
ation of genes and medical substances into a blood vessel B12
that is three-dimensionally curved. A tomographic image of a
surface M12 is presented in the upper right of FIG. 8, and a
tomographic image of a surface M13 is presented in the lower
right of FIG. 8.

[0078] Here, the ultrasound apparatus 1 can set transmis-
sion conditions for individual scanning lines of an ultrasound
wave that is three-dimensionally transmitted by the ultra-
sound probe 10. Then, when an ultrasonic transmission con-
ditions are set up for each scanning line, the ultrasound appa-
ratus 1 controls the ultrasound probe 10 in such a manner as
to transmit ultrasound waves in accordance with the trans-
mission conditions for each scanning line. For example,
regarding the blood vessel B12 of FIG. 8, the ultrasound
apparatus 1 can apply ultrasound waves of different transmis-
sion conditions to a site T12 and to a site other than the site
T12. In this manner, the ultrasound apparatus 1 can apply an
ultrasound wave required for treatment or the like to a specific
site only of a treatment target that spreads three-dimension-
ally in any shape.

[0079] Moreover, the controlling unit 190 of the ultrasound
apparatus 1 according to the first embodiment may perform
control so that a volume image and a tomographic image of
the subject P are displayed on the same screen. This is
explained in detail with reference to FIG. 9. FIG. 9 is a
diagram for showing an example screen on which a volume
image and tomographic images are displayed in parallel. On
the screen G10 illustrated in FIG. 9, a volume image is dis-
played in an area with a header <Three-dimensional Image>,
a tomographic image of the A section of the volume image is
displayed in an area with a header <A Section>, and a tomo-
graphic image of the B section of the volume image is dis-
played in an area with a header <B Section>.

[0080] The ultrasound apparatus 1 makes the operator set
the position of a section of the volume image, and displays a
tomographic image of the set-up section position onto the
screen G10. Then, with the screen G10 displayed, the ultra-
sound apparatus 1 receives transmission conditions of a three-
dimensionally transmitted ultrasound wave for each scanning
line from the operator. In the example of FIG. 9, the operator
is to apply a treatment ultrasound wave to the site T13 that is
displayed on the B-section tomographic image, for example.
In this situation, because the controlling unit 190 performs
control to display the screen G10, the operator can set the
ultrasonic transmission conditions for each scanning line
while checking the entire treatment site on the volume image
and also checking the site to which the treatment ultrasound
wave is applied on the tomographic image.
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Second Embodiment

[0081] According to the first embodiment, an example in
which ultrasonic transmission conditions can be set up for
individual scanning lines has been explained. According to
the second embodiment, an example in which the aperture or
deflection or deflection of the ultrasound probe 10 can be set
up is explained.

[0082] First, a controlling unit 290 according to the second
embodiment is explained with reference to FIG. 10. FIG. 10
is a block diagram for showing an example structure of the
controlling unit 290 according to the second embodiment.
The entire structure of an ultrasound apparatus 2 according to
the second embodiment is the same as the example structure
indicated in FIG. 1, and therefore the explanation is omitted
here. The ultrasound probe 10 connected to the ultrasound
apparatus 2 according to the second embodiment has multiple
piezoelectric vibrators arranged in a matrix form, and trans-
mits ultrasound waves into three-dimensional space.

[0083] As illustrated in FIG. 10, the controlling unit 290
includes a receiving unit 291 and a probe controlling unit 292.
The receiving unit 291 receives, as ultrasonic transmission
conditions, the setting of an aperture that determines a piezo-
electric vibrator of the piezoelectric vibrators included in the
ultrasound probe 10 that is to send an ultrasound wave, the
setting of the deflection of the ultrasound wave transmitted
from the ultrasound probe 10 to the subject P, and the setting
of a ROl in the subject P.

[0084] For example, when the operator performs an opera-
tion of selecting an aperture of the ultrasound probe 10 by
way of the input device 20, the receiving unit 291 receives the
setting of the aperture from the input device 20. Furthermore,
for example, when the operator performs an operation of
setting the deflection of the ultrasound wave by way of the
input device 20, the receiving unit 291 receives the setting of
the deflection of the ultrasound wave from the input device
20. Moreover, for example, when the operator performs an
operation of setting a ROI by way of the input device 20, the
receiving unit 291 receives the setting of the ROI from the
input device 20.

[0085] The probe controlling unit 292 includes a vibrator
controlling unit 293 and a deflection controlling unit 294.
[0086] When the receiving unit 291 receives the setting of
the aperture of the ultrasound probe 10, the vibrator control-
ling unit 293 controls the ultrasound probe 10 in such a
manner as to transmit an ultrasound wave through the aper-
ture specified by the setting.

[0087] When the receiving unit 291 receives the setting of
the deflection of the ultrasound wave, the deflection control-
ling unit 294 controls the ultrasound probe 10 in such a
manner as to transmit the ultrasound wave with the deflection
specified by the setting.

[0088] An example of the process performed by the con-
trolling unit 290 according to the second embodiment is
explained with reference to FIG. 11. FIG. 11 is a diagram for
explaining an example of the process performed by the con-
trolling unit 290 according to the second embodiment. In the
exampleof FIG. 11, it is assumed that the ultrasound probe 10
first applies an ultrasound wave to a treatment site T21 from
a piezoelectric vibrator that is arranged in an aperture area
21a. Here, if there is abone between the aperture area 21a and
the treatment site T21, the ultrasound wave transmitted from
the piezoelectric vibrator that is arranged in the aperture area
21a is almost totally reflected. For this reason, the ultrasound
wave transmitted from the piezoelectric vibrator that is
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arranged in the aperture area 2la is barely applied to the
treatment site T21. In the following description, the site of a
bone or the like that obstructs the passage of the ultrasound
wave may be referred to as an “obstruction site”.

[0089] Here, the ultrasound apparatus 2 according to the
second embodiment makes the operator set up an aperture of
the ultrasound probe 10. For example, the operator performs
an operation of changing the aperture of the ultrasound probe
10 from the aperture area 21a to an aperture area 215. In such
a situation, the vibrator controlling unit 293 of the probe
controlling unit 292 controls the ultrasound probe 10 to trans-
mit an ultrasound wave from a piezoelectric vibrator arranged
in the aperture area 21b.

[0090] Inaddition, the ultrasound apparatus 2 according to
the second embodiment makes the operator set the deflection
of the ultrasound wave transmitted by the ultrasound probe
10. For example, when the ultrasound wave is being trans-
mitted from the piezoelectric vibrator that is arranged in the
aperture area 215, the operator sets the deflection of the
ultrasound wave to apply the ultrasound wave to the treatment
site T21. In such a situation, the deflection controlling unit
294 of the probe controlling unit 292 controls the ultrasound
probe 10 so that the scanning line [.21 of the ultrasound wave
is changed to the scanning line [.22, as illustrated in the
bottom of FIG. 11.

[0091] As discussed above, according to the second
embodiment, the ultrasound apparatus 2 includes the receiv-
ing unit 291 that receives the setting of the aperture or deflec-
tion of the ultrasound probe or the setting of the ROI, the
vibrator controlling unit 293 that controls the ultrasound
probe 10 in such a manner as to transmit an ultrasound wave
through the aperture received by the receiving unit 291, and
the deflection controlling unit 294 that controls the ultrasound
probe 10 in such a manner as to transmit the ultrasound wave
with the deflection received by the receiving unit 291. Thus,
even if there is an obstruction site between the ultrasonic
transmission surface and the treatment site, the ultrasound
waves can be applied to the treatment site.

Third Embodiment

[0092] According to the second embodiment, an example
in which the operator sets the aperture or deflection of the
ultrasound probe 10 has been explained. According to the
third embodiment, an example in which the ultrasound appa-
ratus determines whether there is an obstruction site and, if
there 1s an obstruction site or the like, adjusts the aperture or
deflection of an ultrasound wave is explained.

[0093] First, a controlling unit 390 according to the third
embodiment is explained with reference to FIG. 12. FIG. 12
is a block diagram for showing an example structure of the
controlling unit 390 according to the third embodiment. The
entire structure of an ultrasound apparatus 3 according to the
third embodiment is the same as the example structure of FIG.
1, and thus the explanation is omitted here. In the following
description, a component that has a function similar to that of
astructural component that has been explained above is given
the same reference numeral, and the detailed explanation is
omitted.

[0094] As illustrated in FIG. 12, the controlling unit 390
includes the receiving unit 291 and a probe controlling umt
392. The probe controlling unit 392 controls the ultrasound
probe 10 based on the settings prepared by the operator for the
aperture of the ultrasound probe 10 and the ROI in such a
manner as to transmit the ultrasound wave from the piezo-
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electric vibrator of the set-up aperture onto the ROI. This
probe controlling unit 392 includes an obstruction site detect-
ing unit 395, a vibrator controlling unit 393, and a deflection
controlling unit 394.

[0095] The obstruction site detecting unit 395 determines
whether there is an obstruction site between the transmission
surface of the ultrasound probe 10 from which the ultrasound
wave is transmitted and the ROI. For example, the obstruction
site detecting unit 395 compares reception signals of the
transmission OFF time and the transmission ON time and
thereby detects a region that the ultrasound wave does not
reach due to an obstacle such as a rib bone. The obstruction
site detecting unit 395 may also compare the ultrasound wave
transmitted by the ultrasound probe 10 and the received
reflection wave signal to determine whether the ultrasound
wave transmitted by the ultrasound probe 10 is almost totally
reflected. Then, if the ultrasound wave is almost totally
reflected, the obstruction site detecting unit 395 determines
that there is an obstruction site between the transmission
surface of the ultrasound probe 10 and the ROL

[0096] Moreover, if there is an obstruction site between the
transmission surface of the ultrasound probe 10 from which
the ultrasound wave is transmitted and the ROI, the ultra-
sound wave is substantially totally reflected from the obstruc-
tion site, and therefore an image of the ROI does not appear in
the ultrasonic image. Thus, the obstruction site detecting unit
395 may calculate, for example, the brightness of the ultra-
sonic image generated by the image generating unit 140,
determine that an image of the ROI located in the depth
direction from the obstruction site does not appear if the
brightness of the ROl is lower than a predetermined threshold
value, and detect the obstruction site.

[0097] The vibrator controlling unit 393 changes the aper-
ture of the ultrasound probe 10 when the obstruction site
detecting unit 395 detects an obstruction site. The vibrator
controlling unit 393 may change piezoelectric vibrators for
ultrasonic transmission at random, or change them in order in
accordance with certain areas.

[0098] When the obstruction site detecting unit 395 detects
an obstruction site, the deflection controlling unit 394
changes the deflection of the ultrasound wave in such a man-
ner as to apply the ultrasound wave transmitted by the ultra-
sound probe 10 to the ROI. For example, in the example of
FIG. 11, the vibrator controlling unit 393 changes the piezo-
electric vibrators for ultrasonic transmission, from the piezo-
electric vibrator arranged in the aperture area 21a to the
piezoelectric vibrators arranged in the aperture area 215. In
such a situation, the deflection controlling unit 394 changes
the deflection of the ultrasound wave so that the scanning line
L21 of the ultrasound wave is changed to the scanning line
L22.

[0099] The obstruction site detecting unit 395 performs the
process of determining whether there is an obstruction site
between the transmission surface of the ultrasound probe 10
and the ROI, after the vibrator controlling unit 393 and the
deflection controlling unit 394 change the aperture and the
deflection of the ultrasound probe 10. Then, when the
obstruction site detecting unit 395 detects an obstruction site,
the vibrator controlling unit 393 and the deflection control-
ling unit 394 changes the aperture and the deflection of the
ultrasound probe 10 again. In other words, the obstruction site
detecting unit 395, the vibrator controlling unit 393, and the
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deflection controlling unit 394 repeat the process until the
ultrasound wave is applied to the ROI without being reflected
from the obstruction site.

[0100] As described above, according to the third embodi-
ment, the ultrasound apparatus 3 includes the obstruction site
detecting unit 395 that determines whether there is an
obstruction site between the ultrasonic transmission surface
and the ROI, the vibrator controlling unit 393 that changes the
aperture of the ultrasound probe 10 when the obstruction site
detecting unit 395 detects an obstruction site, and the deflec-
tion controlling unit 394 that changes the deflection of the
ultrasound wave when the obstruction site detecting unit 395
detects an obstruction site. Hence, even when there is an
obstruction site between the ultrasonic transmission surface
and the treatment site, ultrasound waves can be applied to the
treatment site without requiring any operation from the
operator.

[0101] According to the second and third embodiments, the
ultrasound probe 10 having multiple piezoelectric vibrators
arranged in a matrix has been dealt with as an example, but the
ultrasound apparatuses 2 and 3 may be connected to a
mechanical scan probe. In such a situation, the ultrasound
apparatuses 2 and 3 may change the aperture of the mechani-
cal scan probe.

[0102] In addition, according to the third embodiment, the
obstruction site detecting unit 395, the vibrator controlling
unit 393, and the deflection controlling unit 394 may repeat
the above process to find acombination of the aperture and the
deflection with which the passage can avoid an obstruction
site. Then, if there is more than one combination of the aper-
ture and the deflection for avoiding an obstruction site, the
vibrator controlling unit 393 and the deflection controlling
unit 394 may select a passage with the smallest deflection
angle from among the multiple combinations, and change the
aperture and the deflection of the ultrasound probe 10. In this
manner, by selecting a passage with a small deflection angle,
the vibrator controlling unit 393 and the deflection control-
ling unit 394 can improve the application efficiency with
respect to the ROI and can also reduce artifacts. Moreover,
when there is more than one combination of the aperture and
the deflection for avoiding an obstruction site, the controlling
unit 390 presents these combinations to the operator so that
the operator can select which combination of the aperture and
deflection to be adopted to transmit the ultrasound wave.

Fourth Embodiment

[0103] According to the first embodiment, an example in
which the operator sets up ultrasonic transmission conditions
has been discussed. According to the fourth embodiment, an
example in which the ultrasound apparatus holds multiple
patterns of ultrasonic transmission conditions so that the
operator can select a transmission condition pattern there-
from is explained.

[0104] First, a storage unit 480 and a controlling unit 490
according to the fourth embodiment are explained with ref-
erence to FIG. 13. FIG. 13 is a block diagram for showing an
example structure of the storage unit 480 and the controlling
unit 490 according to the fourth embodiment. The entire
structure of an ultrasound apparatus 4 according to the fourth
embodiment is the same as the example structure of FIG. 1,
and thus the explanation is omitted here.

[0105] As illustrated in FIG. 13, the storage unit 480
includes a transmission condition storage unit 481. The trans-
mission condition storage unit 481 stores therein multiple
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groups of transmission conditions for individual scanning
lines included in a predetermined scanning area. An example
of the transmission condition storage unit 481 is indicated in
FIG. 14. As shown in FIG. 14, the transmission condition
storage unit 481 stores therein ultrasonic transmission condi-
tions for individual scanning lines in accordance with differ-
ent patterns. Here, a pattern means a type of a group of
transmission conditions for different scanning lines. Further-
more, a scanning line means a scanning line of an ultrasound
wave transmitted by the ultrasound probe 10. In addition, a
transmission condition indicates a condition for transmitting
an ultrasound wave from the ultrasound probe 10. In the
example of FIG. 14, the transmission condition storage unit
481 stores therein sound pressures, frequencies, and pulse
repetition frequencies (PRFs) of ultrasound waves as trans-
mission conditions.

[0106] The transmission condition storage unit 481 illus-
trated in FIG. 14 stores therein, as a pattern “PT11”, a sound
pressure “P10”, a frequency “F5”, and a PRF “RF10” for the
ultrasound wave in scanning lines .11 to L15. The ultrasonic
transmission conditions corresponding to the pattern “PT11”
are the same as the ultrasonic transmission conditions of FIG.
3. In addition, the ultrasonic transmission conditions
described as a pattern “PT12” are the same as the ultrasonic
transmission conditions of FIG. 4. Moreover, the ultrasonic
transmission conditions described as a pattern “PT13” are the
same as the ultrasonic transmission conditions of FIG. 5.
[0107] To return to the explanation of FIG. 13, the control-
ling unit 490 includes a receiving unit 491 and a probe con-
trolling unit 492. The receiving unit 491 receives a pattern
selected from the patterns of transmission condition groups
stored in the transmission condition storage unit 481. More
specifically, when the operator conducts an operation of
selecting transmission conditions, the controlling unit 490
displays the patterns and transmission conditions illustrated
in FIG. 14 onto the monitor 30 so that the operator can select
a pattern. Then, the receiving unit 491 receives the transmis-
sion condition pattern selected by the operator from the input
device 20 or the like.

[0108] The receiving unit 491 may receive a transmission
condition pattern and also receive the position of the ROI to
place the scanning lines included in the selected transmission
condition pattern. It is assumed, for example, that the operator
selects the pattern PT11 in FIG. 14. In such a situation, the
receiving unit 491 may receive a position in the ROI where to
place the scanning lines 111 to 15 included in the pattern
PT11. Here, the receiving unit 491 may receive the position in
the ROI where to place some of the scanning lines .11 to T1.
For example, the receiving unit 491 may receive the position
of the scanning line 111 being on the left end of the ROT and
the position of the scanning line .15 being on the right end of
the ROL

[0109] When the receiving unit491 receives a pattern of the
transmission condition groups, the probe controlling unit 492
controls the ultrasound probe 10, based on the transmission
conditions corresponding to this pattern.

[0110] Itisassumed, for example, that the operator selects
a pattern PT12 of FIG. 14, and performs an operation of
positioning the scanning line L.11 on the right end of the ROI
and the scanning line .15 on the left end of the ROI. In such
a situation, the probe controlling unit 492 controls the ultra-
sound probe 10 in such a manner as to transmit an ultrasound
wave of the sound pressure “P10”, the frequency “F5”, and
the pulse repetition frequency “RF5” to the right end of the
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ROI, as illustrated in FIG. 4. In addition, the probe controlling
unit 492 controls the ultrasound probe 10 in such a manner as
to transmit an ultrasound wave ofthe sound pressure “P5” and
the pulse repetition frequency “RF5” to the second one from
the right end of the ROI and the rest. Here, the probe control-
ling unit 492 controls the ultrasound probe 10 so that the
ultrasound wave transmitted to the left end of the ROI has the
frequency of “F9” and that the frequency of the ultrasound
wave increases linearly from the right end of the ROI to the
left end of the ROL

[0111] Next, the procedure of the process performed by the
controlling unit 490 according to the fourth embodiment is
explained, with reference to FIG. 15. FIG. 15 is a flowchart
for showing an example of the procedure of the process pet-
formed by the controlling unit 490 according to the fourth
embodiment.

[0112] As indicated in FIG. 15, the controlling unit 490 of
the ultrasound apparatus 4 determines whether the operator
performs an operation of selecting a transmission condition
(step S301). Here, if the operator does not perform an opera-
tion of selecting a transmission condition (no at step S301),
the controlling unit 490 goes into standby mode.

[0113] On the other hand, when the operator performs an
operation of selecting a transmission condition (yes at step
S301), the controlling unit 490 controls and displays the
patterns and the transmission conditions stored in the trans-
mission condition storage unit 481 onto the monitor 30 (step
S302). In this manner, the controlling unit 490 makes the
operator select a transmission condition pattern.

[0114] Then, the receiving unit 491 of the controlling unit
490 determines whether a pattern selected by the operator is
received (step S303). Here, if no transmission condition pat-
tern is received (no at step S303), the receiving unit 491 goes
into standby mode.

[0115] On the other hand, when the receiving unit 491
receives an operation of selecting a transmission condition
pattern (yes at step S303), the probe controlling unit 492
controls the ultrasound probe 10, based on the selected trans-
mission condition pattern (step S304).

[0116] Asdescribed above, according to the fourth embodi-
ment, the ultrasound apparatus 4 includes the transmission
condition storage unit 481 that stores therein multiple pat-
terns of transmission condition groups for different scanning
lines, and the probe controlling unit 492 that controls the
ultrasound probe 10, based on transmission condition groups
for different scanning lines that correspond to the pattern
selected by the operator. Thus, without requiring the setting
up of transmission conditions for different scanning lines by
the operator, an ultrasound wave can be transmitted for each
scanning line in accordance with specific transmission con-
ditions.

[0117] For example, if the transmission conditions indi-
cated in FIGS. 3 to 5 are stored as patterns, as in the trans-
mission condition storage unit 481 illustrated in FIG. 14, the
operator can select one of the transmission condition patterns
corresponding to FIGS. 3 to 5. In this manner, the ultrasound
apparatus 4 can transmit an ultrasound wave in accordance
with the transmission conditions of FIGS. 3 to 5 only by
making the operator select a transmission condition pattern,
and thus can accelerate the permeation of genes or medicinal
substances into a specific site.
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Fifth Embodiment

[0118] According to the fourth embodiment, an example in
which the operator selects an ultrasonic transmission condi-
tion pattern has been explained. According to the fifth
embodiment, an example in which the operator selects a
transmission condition pattern and also sets up ultrasonic
transmission conditions for some of the scanning lines is
explained.

[0119] First, a storage unit 580 and a controlling unit 590
according to the fifth embodiment are explained, with refer-
ence to FIG. 16. FIG. 16 is a block diagram for explaining an
example structure of the storage unit 580 and the controlling
unit 590 according to the fifth embodiment. The entire struc-
ture of an ultrasound apparatus 5 according to the fifth
embodiment is the same as the example structure of FIG. 1,
and therefore the explanation is omitted here.

[0120] As illustrated in FIG. 16, the storage unit 580
includes a decision condition storage unit 581. When trans-
mission conditions are determined for part of the scanning
lines included in a specific scanning area, the decision con-
dition storage unit 581 stores therein determination condi-
tions for determining transmission conditions for scanning
lines other than the part of the scanning lines.

[0121] In FIG. 17, an example of the decision condition
storage unit 581 is illustrated. As illustrated in FIG. 17, the
decision condition storage unit 581 stores therein determina-
tion conditions for different scanning lines in accordance
with patterns. Here, items such as “arbitrary”, “others”, “right
end”, and “light end” are stored as the scanning lines in the
decision condition storage unit 581. The “arbitrary” stored as
ascanning line indicates any arbitrary scanning line transmit-
ted to the ROI, while the “other” indicates any scanning line
other than the scanning lines stored for the same pattern. The
“right end” indicates any scanning line that is transmitted to
the right end of the ROI, while the “light end” indicates any
scanning line that is transmitted to the left end of the ROL

[0122] With the pattern “PT21” in the decision condition
storage unit 581 of FIG. 17, the operator sets the sound
pressure, the frequency, and the pulse repetition frequency,
and the set-up sound pressure, frequency, and pulse repetition
frequency are adopted as the transmission conditions for an
ultrasound wave that is to be transmitted to the ROI. In other
words, in the pattern “PT21”, all the sound pressures, fre-
quencies, and pulse repetition frequencies of the ultrasound
waves that are to be transmitted to the ROI have the same
values for different scanning lines, and the operator is to set
up the sound pressure, the frequency, and the pulse repetition
frequency.

[0123] In addition, a pattern “PT22” in the decision condi-
tion storage unit 581 of FIG. 17 indicates that the sound
pressures of the scanning lines at the right end and left end of
the ROI are set up by the operator while the sound pressure of
any scanning lines other than the right end and left end of the
ROI is determined as “P5”. Furthermore, the pattern “PT22”
indicates that the frequencies of the scanning lines at the right
end and left end of the ROI are set up by the operator and that
the frequencies exhibit a linear relationship from the right end
of the ROI to the left end of the ROI. In addition, the pattern
“PT22” indicates that the pulse repetition frequency of the
scanning line at the right end of the ROI is set up by the
operator, and that the set-up pulse repetition frequency is
adopted as the pulse repetition frequency for all the other
scanning lines in the ROI.
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[0124] To return to the explanation of FIG. 16, the control-
ling unit 590 includes a receiving unit 591 and a probe con-
trolling unit 592. The receiving unit 591 receives an operation
of selecting a pattern stored in the decision condition storage
unit 581 and also receives an operation of setting a specific
transmission condition. A “specific transmission condition”
corresponds to any of the items in which “user setting” is
entered as a determination condition in the decision condition
storage unit 581 illustrated in FI1G. 17.

[0125] More specifically, when the operator performs an
operation of selecting transmission conditions, the control-
ling unit 590 makes the operator select a pattern by displaying
the patterns and transmission conditions as shown in FIG. 17,
and also makes the operator set up certain transmission con-
ditions. Then, the receiving unit 591 receives the transmission
condition pattern selected by the operator and the transmis-
sion conditions set up by the operator.

[0126] For example, the operator may select the pattern
PT21 in the decision condition storage unit 581 of F1G. 17. In
such a situation, the receiving unit 591 receives the pattern
PT21 that has been selected, and also receives the sound
pressure, frequency, and pulse repetition frequency that have
been set up by the operator. Further, the operator may select
the pattern PT22 in the decision condition storage unit 581 of
FIG.17. Insuch asituation, the receiving unit 591 receives the
pattern PT22 that has been selected, and also receives the
sound pressure, frequency, and pulse repetition frequency of
the scanning line at the right end of the ROI and the sound
pressure and frequency of the scanning line at the left end of
the ROL

[0127] When the receiving unit 591 receives a transmission
condition pattern and specific transmission conditions, the
probe controlling unit 592 determines the transmission con-
ditions of the ultrasound wave that is to be transmitted to the
ROI, and controls the ultrasound probe 10 in accordance with
the determined transmission conditions.

[0128] For example, it is assumed that the receiving unit
591 receives the pattern PT21 of FIG. 17, and also receives
the sound pressure “P10”, the frequency “F10”, and the pulse
repetition frequency “RF10”. In such a situation, the probe
controlling unit 592 determines the sound pressure of the
ultrasonic wave in all the scanning lines that are to be sent to
the ROI as “P10”, the frequency as “F10”, and the pulse
repetition frequency as “RF10”, and controls the ultrasound
probe 10 in such a manner as to transmit the ultrasound wave
in accordance with these transmission conditions. In other
words, the probe controlling unit 592 controls the ultrasound
probe 10 to transmit the ultrasound wave in accordance with
the transmission conditions of FIG. 3.

[0129] Furthermore, the receiving unit 591 receives the
operation of selecting the pattern PT22 of FIG. 17, and also
receives the operation of setting the sound pressure to “P10”,
the frequency to “F5”, and the pulse repetition frequency to
“RF10” for the scanning line of the “right end”, and the sound
pressure to “P5” and the frequency to “F9” for the scanning
line of the “left end”. In such a situation, the probe controlling
unit 592 controls the ultrasound probe 10 to transmit the
ultrasound wave in accordance with the transmission condi-
tions of FIG. 4.

[0130] Next, the procedure of the process performed by the
controlling unit 590 according to the fifth embodiment is
explained with reference to FIG. 18. FIG. 18 is a flowchart for
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showing an example of the procedure of the process per-
formed by the controlling unit 590 according to the fifth
embodiment.

[0131] As indicated in FIG. 18, the controlling unit 590 of
the ultrasound apparatus 5 determines whether the operator
performs the operation of selecting the transmission condi-
tions (step S401). Here, if the operator does not perform the
operation of selecting the transmission conditions (no at step
S401), the controlling unit 590 goes into standby mode.
[0132] On the other hand, if the operator performs the
operation of selecting the transmission conditions (yes at step
S401), the controlling unit 590 controls and displays trans-
mission condition groups for each pattern stored in the deci-
sion condition storage unit 581, onto the monitor 30 (step
S402). In this manner, the controlling unit 590 makes the
operator select a transmission condition pattern and also set
up certain transmission conditions.

[0133] Then, the receiving unit 591 of the controlling unit
590 determines whether the operation of selecting a transmis-
sion condition pattern and the operation of setting certain
transmission conditions are received (step S403). Here, if the
operation of selecting a transmission condition pattern or the
like is not received (no at step S403), the receiving unit 591
goes into standby mode.

[0134] On the other hand, when the receiving unit 591
receives the operation of selecting a transmission condition
pattern and the operation of setting certain transmission con-
ditions (yes at step S403), the probe controlling unit 592
determines the transmission conditions of an ultrasound wave
that is to be transmitted to the ROI, based on the transmission
conditions set up by the operator and various kinds of infor-
mation stored in the decision condition storage unit 581 (step
S404). Then, the probe controlling unit 592 controls the ultra-
sound probe 10, based on the determined transmission con-
ditions (step S405).

[0135] As described above, the ultrasound apparatus 5
according to the fifth embodiment includes the decision con-
dition storage unit 581 that stores therein determination con-
ditions for determining, based on the transmission conditions
for some of scanning lines, transmission conditions for the
other scanning lines, and the probe controlling unit 592 that
determines transmission conditions based on the pattern
selected by the operator and the transmission conditions of
some of'the scanning lines set up by the operator and controls
the ultrasound probe 10 based on the determined transmission
conditions. Hence, with simple setting up of transmission
conditions by the operator, an ultrasound wave can be trans-
mitted in accordance with specific transmission conditions
for individual scanning lines.

[0136] The ultrasound apparatus according to the first to
fifth embodiments may detect the movement of living tissue
in a region of interest and transmit an ultrasound wave to
follow the movement of the living tissue. More specifically,
the ultrasound apparatus calculates a motion vector by use of
multiple ultrasonic images of different time phases generated
by the image generating unit 140, and thereby detects the
movement of the living tissue based on the calculated motion
vector. Then, the ultrasound apparatus changes the transmis-
sion conditions of the ultrasound waves transmitted to the
region of interest in such a manner as to follow the movement
of the living tissue. For example, in the example of FIG. 4,
when detecting the movement ofthe treatment site T11 to the
left by “o”, the ultrasound apparatus may shift ultrasonic
transmission conditions for the scanning lines L11 to 115 to
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the left by “o”. For example, the sound pressure of the ultra-
sound wave in the scanning line 12 may be determined as
“P10”, and the frequency may be determined as “F5”. In this
manner, the ultrasound apparatus can apply the ultrasound
wave to the site that the operator desires, in accordance with
the transmission conditions set by the operator, even when the
treatment site T11 moves in accordance with the movement of
the body.

[0137] Moreover, the ultrasound apparatus according to the
first to fifth embodiments may estimate, before transmission
of the ultrasound wave in accordance with the transmission
conditions set by the operator, the distribution of the ultra-
sound wave that is to be transmitted to the ROI in accordance
with these transmission conditions. Then, the ultrasound
apparatus may place the estimated distribution of the ultra-
sound wave onto the ultrasonic images generated by the
image generating unit 140 and control and display it onto the
monitor 30. For example, the ultrasound apparatus may con-
trol and display an ultrasonic image in which the ultrasound
wave 1s expressed by arrows onto the monitor 30, as shown in
the upper half of FIG. 5. Furthermore, for example, the ultra-
sound apparatus may control and display an ultrasonic image
in which the distribution of the ultrasound wave is depicted
onto the monitor 30, as shown in FIG. 11. In addition, the
ultrasound apparatus according to the first to the fifth embodi-
ments may control and display ultrasonic transmission con-
ditions for individual scanning lines onto the monitor 30.
[0138] Moreover, in the examples according to the first to
fifth embodiments, microbubbles containing a medicinal sub-
stance have been explained, but genes may be contained inthe
microbubbles. In other words, the ultrasound apparatus
according to the first to fifth embodiments can accelerate the
permeation of medicinal substances and genes into cells.
Examples of substances contained in the microbubbles
include genes, protein substances, substances in the body,
medicinal substances, and nano-droplets.

[0139] Furthermore, the receiving unit and the probe con-
trolling unit that are included in the controlling unit indicated
in FIGS. 2, 10, 12, 13, and 16 may be realized by hardware
such as an integrated circuit, or by a software program that is
formed into modularized software.

[0140] According to atleast one of the above embodiments,
by incorporating a receiving unit that receives ultrasonic
transmission conditions for individual scanning lines and a
probe controlling unit that controls the ultrasound probe in
such a manner as to transmit an ultrasound wave in accor-
dance with the transmission conditions for the scanning lines,
the permeation of genes and medical substances into a spe-
cific site can be accelerated by use of microbubbles.

[0141] 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.

1. An ultrasound apparatus, comprising:

an ultrasound probe configured to have vibrators that are
two-dimensionally arranged to transmit and receive an
ultrasound wave;
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areceiving unit configured to receive settings in relation to
an aperture of the ultrasound probe and a region of
interest in a body of a subject to whom a contrast agent
is injected: and

a probe controlling unit configured to control the ultra-
sound probe based on the settings received by the receiv-
ing unit in such a manner as to transmit the ultrasound
wave from a vibrator arranged in the aperture to the
region of interest.

2. The ultrasound apparatus according to claim 1, further
comprising:

an obstruction site detecting unit configured to determine
whether there is an obstruction site that obstructs pas-
sage of the ultrasound wave between a transmission
surface of the ultrasound probe through which the ultra-
sound wave is transmitted and the region of interest,

wherein when the obstruction site detecting unit detects the
obstruction site, the probe controlling unit changes the
aperture of the ultrasound probe or deflection of the
ultrasound waves transmitted by the ultrasound probe in
such a manner that the region of interest is irradiated
with the ultrasound wave.

3. The ultrasound apparatus according to claim 1, wherein:

the receiving unit receives settings in relation to deflection
of the ultrasound probe; and

the probe controlling unit changes the deflection of the
ultrasound probe based on the settings received by the
receiving unit in such a manner as to transmit the ultra-
sound wave to the region of interest.

4. The ultrasound apparatus according to claim 1, wherein:

the probe controlling unit controls the ultrasound wave
transmitted by the ultrasound probe for each scanning
line in such a manner that a frequency of the ultrasound
wave gradually increases as a bloodstream flows down
in the region of interest.

5. The ultrasound apparatus according to claim 1, further
comprising:
an image generating unit configured to generate a three-
dimensional ultrasonic image of the subject by use of a
reflection wave signal of the ultrasound wave transmit-
ted by the ultrasound probe to the subject; and

a display controlling unit configured to control display of
the three-dimensional ultrasonic image generated by the
image generating unit and one tomographic image or
more of the three-dimensional ultrasonic image at a
time.

6. The ultrasound apparatus according to claim 1, further
comprising:
an image generating unit configured to generate an ultra-
sonic image of the subject by use of a reflection wave
signal of the ultrasound wave transmitted by the ultra-
sound probe to the subject,

wherein the probe controlling unit detects movement of the
region of interest of the subject by use of a plurality of
ultrasonic images generated by the image generating
unit, and controls the ultrasound probe in such a manner
as to follow the movement of the region of interest.

7. The ultrasound apparatus according to claim 1, further
comprising:
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an image generating unit configured to generate an ultra-
sonic image of the subject by use of a reflection wave
signal of the ultrasound wave transmitted by the ultra-
sound probe to the subject; and

a display controlling unit configured to control display of
the ultrasonic image generated by the image generating
unit,

wherein the receiving unit receives settings in relation to a
transmission condition of the ultrasound wave for each
scanning line of the ultrasound wave transmitted by the
ultrasound probe; and

when the receiving unit receives the settings in relation to
the transmission condition for each scanning line, the
probe controlling unit estimates distribution of the ultra-
sound wave transmitted to the subject in accordance
with the transmission condition for each scanning line,
and displays the estimated distribution of the ultrasound
wave that is laid over the ultrasonic image generated by
theimage generating unit on the display controlling unit.

8. The ultrasound apparatus according to claim 1, further

comprising:

a transmission condition storage unit configured to store
therein a plurality of types of transmission condition
groups for different scanning lines included in a prede-
termined scanning area,

wherein the receiving unit receives a type that is selected
from the types of the transmission condition groups
stored in the transmission condition storage unit; and

the probe controlling unit controls the ultrasound probe in
accordance with a transmission condition group corre-
sponding to the type received by the receiving unit.

9. The ultrasound apparatus according to claim 1, further

comprising:

a decision condition storage unit configured to, when a
transmission condition is determined for part of scan-
ning lines included a predetermined scanning area, store
therein a determination condition for determining a
transmission condition for scanning lines other than the
part of the scanning lines,

wherein the receiving unit receives settings in relation to
the transmission condition for the part of the scanning
lines; and

the probe controlling unit determines the transmission con-
dition for the other scanning lines by use of the trans-
mission condition for the part of the scanning lines
received by the receiving unit and the determination
condition stored in the decision condition storage unit,
and controls the ultrasound probe based on the transmis-
sion condition that is determined for the other scanning
lines and the transmission condition for the part of the
scanning lines.

10. An ultrasound apparatus controlling method, compris-

ing:

receiving settings in relation to an aperture of an ultrasound
probe having vibrators that are two-dimensionally
arranged to transmit and receive an ultrasound wave and
a region of interest in a body of a subject into whom a
contrast agent is injected; and

controlling the ultrasound probe based on the settings in
such a manner as to transmit the ultrasound wave from a
vibrator arranged in the aperture 1o the region of interest.

11. A non-transitory computer readable medium storing

therein a controlling program for calculating a computer to
execute a process comprising:
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13
receiving settings in relation to an aperture of an ultrasound controlling the ultrasound probe based on the settings in
probe having vibrators that are two-dimensionally such a manner as to transmit the ultrasound wave from a
arranged to transmit and receive an ultrasound wave and vibrator arranged in the aperture to the region of interest.

a region of interest in a body of a subject into whom a
contrast agent is injected; and X ok ok k¥
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