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(57)  After executing a second transmission (S2)
constituting an ultrasonic wave of an amount of one
frame from an ultrasonic wave having a high sound
pressure of destructing bubbles of a contrast medium
present in a predetermined section for making a blood
stream image or a tissue image in a circulation image
of a blood stream disappear by making the bubbles of
the contrast medium present in the predetermined sec-
tion disappear, there is carried out a third transmission
(S6) by an ultrasonic wave having a low sound pressure
of not substantially destructing the bubbles of the con-
trast medium for acquiring the circulation image of the
blood stream with regard to the predetermined section.
The first transmission (S4) is executed by the ultrasonic
wave for making a portion of the blood stream image in
the circulation image disappear by making the bubbles
of the contrast medium at the predetermined region
present in the predetermined section disappear as nec-
essary while executing the third transmission.
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Description

[0001] The present invention relates to an ultrasonic
diagnosis apparatus, an image processing apparatus
and an ultrasonic image taking method capable of pre-
senting fine structures of a fine circulating blood stream
at a capillary level and a blood vessel stream which is
comparatively faster than that of a capillary in an imag-
ing echo method executed by using an ultrasonic con-
trast medium as diagnosis information.

[0002] According to an ultrasonic diagnosis, beat of
the heart or a moving behavior of the embryo is provided
by a real time display by a simple operation of only
touching an ultrasonic probe from the body surface, in-
spection can be carried out repeatedly since the safety
is high and a scale of a system is smaller than that of
other diagnosis apparatus of X-ray, CT, MRI or the like
and inspection can also be executed easily by moving
to a bed side, which is convenient.

[0003] Further, although an ultrasonic diagnosis ap-
paratus differs variously depending on kinds of functions
provided thereto, a small-sized apparatus being able to
carried by one hand has been developed and can be
used at a maternity clinic or in a medical treatment at
home without being influenced by exposure as in X-ray
or the like in the ultrasonic diagnosis.

[0004] Inrecent years, an intravenous administration
type ultrasonic contrast medium has been produced and
an imaging echo method has been carried out. It is an
object of the method to evaluate a dynamic flow behav-
ior by intensifying a blood stream signal by injecting an
ultrasonic contrast medium from the vein in inspecting,
for example, the heart or the lever. In a number of ultra-
sonic contrast media, micro bubbles function as a re-
flection source. In view of a property of a delicate mem-
ber of bubble, even by ultrasonic irradiation at a normal
diagnosis level, bubbles are suppressed by mechanical
operation thereof, as a result, a signal intensity from a
scanning face is reduced. Therefore, in order to observe
a dynamic behavior of a circulating flow in real time, it
is necessary to comparatively reduce collapse of bub-
bles by scanning such that imaging is carried out by ul-
trasonic transmission at a low sound pressure. Such an
imaging by ultrasonic transmission at the low sound
pressure also reduces a signal/noise ratio (S/N ratio)
and therefore, there have been devised various signal
processing methods to supplement therefor.

[0005] Further, the following method has been de-
vised in, for example, JP-A-11-155858 by making full
use of the above-described collapsing characteristic of
bubbles of contrast media. That is, this is a method of
A observing a dynamic behavior of bubbles filling a
scanning section under irradiation at a low sound pres-
sure, B suppressing bubbles in the section (strictly, in
an irradiated volume) by switching the irradiated sound
pressure to a high sound pressure, and C observing a
behavior of bubbles flowing again into the section. The
method is referred to as a replenishment method.
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[0006] Meanwhile, generally, although when the
blood vessel constructed in the organ of the living body
is comparatively bold, a structure thereof is easy to
grasp, in the case of illustrating even the finer branch
by imaging echo, an image of complicatedly entwining
the blood vessels is illustrated. Since the current ultra-
sonic contrast media are of a low invasive intravenous
administration type, the media circulate the whole body.
Therefore, it has been conceived in the ultrasonic diag-
nosis that an image as in selective image of the blood
vessel in X-ray using a catheter cannot be provided.
[0007] However, it seems that bubbles can selectively
be made to disappear by utilizing the above-described
property of bubbles. Further, it is clinically much signif-
icant to be able to provide a diagnosis image as in im-
aging by X-ray in an ultrasonic image diagnosis by es-
tablishing such a method.

[0008] The invention has been carried out in view of
the above-described situation and it is an object thereof
to provide an ultrasonic diagnosis apparatus and an ul-
trasonic diagnosis apparatus control method capable of
selectively illustrating diagnosis information at a fine
blood vessel branch level.

[0009] According to an aspect of the present inven-
tion, there is provided an ultrasonic diagnosis apparatus
for acquiring an ultrasonic image by scanning a prede-
termined portion of a subject administered with bubbles
of a contrast medium by an ultrasonic wave, the ultra-
sonic diagnosis apparatus comprising: an ultrasonic
probe for transmitting the ultrasonic wave to the subject
and receiving an echo signal from the subject; a signal
generating unit for generating a drive signal for driving
the ultrasonic probe; and a controller for controlling the
drive signal generating unit to execute a scan of a sec-
tion by repeating a first ultrasonic wave transmission in-
cluding an ultrasonic wave having a sound pressure to
a degree of not substantially destructing the bubbles of
the contrast medium for acquiring a circulation image of
a blood stream with regard to a predetermined section
and an ultrasonic wave having a sound pressure to a
degree of destructing the bubbles of the contrast medi-
um for destructing the bubbles of the contrast medium
at part of a desired blood vessel and restraining the con-
trast medium from flowing into the desired blood vessel.
[0010] According to another aspect of the present in-
vention, there is provided an ultrasonic diagnosis appa-
ratus for acquiring an ultrasonic wave image by scan-
ning a predetermined portion of a subject administered
with bubbles of a contrast medium by an ultrasonic
wave, the ultrasonic diagnosis apparatus comprising:
an ultrasonic probe for transmitting the ultrasonic wave
to a transmitted region of the subject and receiving an
echo signal from the subject; a signal generating unit for
generating a drive signal for driving the ultrasonic probe;
and a controller for controlling the signal generating unit
to repeatedly execute an ultrasonic wave transmission
having a sound pressure to a degree of not substantially
destructing the bubbles of the contrast medium for ac-
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quiring a circulation image of a blood stream with regard
to the transmitted region and an ultrasonic wave trans-
mission for making the bubbles of the contrast medium
present at least a portion of the transmitted region dis-
appear by a sound pressure to a degree of destructing
the bubbles of the contrast medium to restrain the con-
trast medium from flowing into a desired blood vessel.
[0011] According to another aspect of the present in-
vention, there is provided a method of controlling an ul-
trasonic diagnosis apparatus for acquiring an ultrasonic
wave image by scanning a predetermined portion of a
subject administered with bubbles of a contrast medium
by an ultrasonic wave, the method comprising the steps
of: generating a drive signal for driving an ultrasonic
probe for transmitting the ultrasonic wave to the subject
and receiving an echo signal from the subject; and con-
trolling the drive signal generating unit to execute by a
plurality of times a first ultrasonic wave transmission
constituting an ultrasonic wave of an amount of one
frame from an ultrasonic wave having a sound pressure
to a degree of not substantially destructing the bubbles
of the contrast medium for acquiring a circulation image
of a blood stream with regard to a predetermined section
and an ultrasonic wave having a sound pressure to a
degree of destructing the bubbles of the contrast medi-
um for making at least a portion of the bubbles of the
contrast medium present at the predetermined section
disappear and restraining the contrast medium from
flowing into a desired blood vessel.

[0012] According to another aspect of the present in-
vention, there is provided a method of controlling an ul-
trasonic diagnosis apparatus for acquiring an ultrasonic
wave image by scanning a predetermined portion of a
subject administered with bubbles of a contrast medium
by an ultrasonic wave, the method comprising the steps
of: generating a drive signal for driving an ultrasonic
probe for transmitting the ultrasonic wave to a transmit-
ted region of the subject and receiving an echo signal
from the subject; and controlling the signal generating
unit to repeatedly execute an ultrasonic wave transmis-
sion having a sound pressure to a degree of not sub-
stantially destructing the bubbles of the contrast medi-
um for acquiring a circulation image of a blood stream
with regard to the transmitted region and an ultrasonic
wave transmission for making the bubbles of the con-
trast medium present at least a portion of the transmitted
region disappear by a sound pressure to a degree of
destructing the bubbles of the contrast medium to re-
strain the contrast medium from flowing into a desired
blood vessel.

[0013] This summary of the invention does not nec-
essarily describe all necessary features so that the in-
vention may also be a sub-combination of these de-
scribed features.

[0014] The invention can be more fully understood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
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FIG. 1 is a diagram showing a block constitution of
an ultrasonic diagnosis apparatus 10 according to
an embodiment;

FIG. 2 is a diagram showing a constitution of an im-
age generating circuit 24;

FIG. 3A through FIG. 3C are views showing a region
constituting an object of a third transmission and
display examples of the region;

FIG. 4 is a flowchart showing a flow of respective
processings executed by the ultrasonic diagnosis
apparatus 10 in accordance with a scan sequence
according to a first embodiment;

FIG. 5A through FIG. 5D are views schematically
showing images provided by ultrasonic transmis-
sion and reception in accordance with the scan se-
quence according to the first embodiment;

FIG. 6 is a flowchart showing a flow of respective
processings executed by the ultrasonic diagnosis
apparatus 10 in accordance with a scan sequence
according to a second embodiment;

FIG. 7A through FIG. 7C are views schematically
showing images provided by ultrasonic transmis-
sion and reception in accordance with the scan se-
quence according to the second embodiment;
FIG. 8A is a diagram conceptually showing an im-
age time-sequentially recorded in an image memo-
ry and

FIG. 8B illustrates views showing ultrasonic images
displayed by being divided in two based on the im-
age time-sequentially recorded in the image mem-
ory;

FIGS. 9A, 9B and 9C are photographs of ultrasonic
images acquired by the ultrasonic diagnosis appa-
ratus in accordance with the scan sequence ac-
cording to the second embodiment;

FIG. 10 shows a schematic view of an image rep-
resenting the blood vessel to which an abundant
contrast medium flows;

FIG. 11 illustrates schematic views of a plurality of
images illustrating the capillaries having small
amounts of a contrast medium using a conventional
method,;

FIG. 12 shows a schematic view of a blood flow im-
age illustrating also a very small blood stream using
a conventional method; and

FIG. 13 shows a schematic view of a blood stream
image provided by a method according to a third
embodiment.

[0015] An explanation will be given of a first through
a third embodiment of the invention in reference to the
drawings as follows. Further, in the following explana-
tion, constituent elements having substantially the same
functions and constitutions are attached with the same
notations and a duplicated explanation thereof will be
given only when needed.
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(First Embodiment)

[0016] FIG. 1 is a diagram showing a block constitu-
tion of an ultrasonic diagnosis apparatus 10 according
to the embodiment. As shown by the drawing, the ultra-
sonic diagnosis apparatus 10 is provided with an ultra-
sonic probe 12, an input apparatus 13, a monitor 14, a
transmitting/receiving unit 21, a B mode processing unit
22, a Doppler processing unit 23, an image generating
circuit 24, a control processor 25, an inner storing ap-
paratus 26, an image memory 27, an interface portion
29, and a storing portion 30 including an image memory
30a and a software storing portion 30b. Although there
is a case in which the ultrasonic transmitting/receiving
unit 21 and the like included in an apparatus main body
11 is constituted by a hardware of an integrated circuit
or the like, there is also a case in which the ultrasonic
transmitting/receiving unit and the like are constituted
by a software program moduled in the form of softwares.
An explanation will be given of functions of individual
constituent elements as follows.

[0017] The ultrasonic probe 12 includes a plurality of
piezoelectric oscillators for generating an ultrasonic
wave based on a drive signal from the ultrasonic trans-
mitting/receiving unit 21 and converting a reflected wave
from a subject into an electric signal, an acoustic match-
ing layer provided to the piezoelectric oscillator, and a
backing member for preventing an ultrasonic wave from
being propagated rearward from the piezoelectric oscil-
lator. When an ultrasonic wave is transmitted from the
ultrasonic probe 12 to the subject P, the transmitted ul-
trasonic wave is reflected successively by a discontinu-
ous face of an acoustic impedance of the internal tissue
and is received by the ultrasonic probe 12 as an echo
signal. An amplitude of the echo signal depends on a
difference in the acoustic impedance at the discontinu-
ous face at which the ultrasonic wave is reflected. Fur-
ther, when the transmitted ultrasonic pulse is reflected
by a moving blood stream or a surface of the heart wall
or the like, an echo depends on a velocity component
in a direction of transmitting the ultrasonic wave to the
moving body by Doppler's effect to receive a deviation
in a frequency.

[0018] The input apparatus 13 includes a track ball
13a, various switches 13b, a button 13c, a mouse 13d,
a keyboard 13e and the like connected to the apparatus
main body 11 for inputting various instructions from an
operator, settings and instructions of conditions, regions
of interest (ROI), settings and instructions of various im-
age quality conditions and the like.

[0019] The monitor 14 displays morphological infor-
mation in the living body, or blood stream information
based on a video signal from the image generating cir-
cuit 24.

[0020] The transmitting/receiving unit 21 includes a
trigger generating circuit, a delay circuit and a pulser cir-
cuit, not illustrated. At the pulser circuit, a rate pulse for
forming a transmitting ultrasonic wave is repeatedly
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generated at a predetermined rate frequency fr Hz (pe-
riod; 1/fr second). Further, at the delay circuit, each rate
pulse is provided with a delay time period necessary for
focusing the ultrasonic wave in a beam-like shape and
determining transmission directivity for each channel.
The trigger generating circuit applies a drive pulse to the
probe 12 at a timing based on the rate pulse.

[0021] Further, the transmitting/receiving unit 21 is
provided with a function of capable of instantaneously
changing a transmitting frequency or a transmitting drive
voltage for executing a scan sequence, mentioned later,
in accordance with an instruction from the control proc-
essor 25. Particularly, a change in the transmitting drive
voltage is realized by a transmitting circuit of a linear
amplifier type capable of instantaneously switching a
value of the transmitting drive voltage, or a mechanism
of electrically switching a plurality of power source units.
[0022] Further, the transmitting/receiving unit 21 in-
cludes an amplifier circuit, an A/D converter and an
adder, not illustrated. The amplifier circuit amplifies the
echo signal inputted via the probe 12 for each channel.
The A/D converter provides a delay time period neces-
sary for determining reception directivity for the ampli-
fied echo signal, thereafter, an addition processing is ex-
ecuted at the adder. By the addition, a reflection com-
ponent from the direction in accordance with the recep-
tion directivity of the echo signal is emphasized and a
general beam of transmitting and receiving the ultrason-
ic wave is formed by the reception directivity and the
transmission directivity.

[0023] The B mode processing unit 22 receives the
echo signal from the transmitting/receiving unit 21 to
subject to logarithmic amplification or envelope detec-
tion processing and generates data representing a sig-
nal intensity by brightness. The data is transmitted to
the image generating circuit 24 and is displayed on the
monitor 14 as a B mode image representing the intensity
of the reflected wave by the brightness.

[0024] The Doppler processing unit 23 subjects the
echo signal received from the transmitting/receiving unit
21 to frequency analysis to derive velocity information,
extracts echo components of the blood stream, the tis-
sue or the contrast medium by the Doppler's effect and
calculates blood stream information of mean velocity,
dispersion or power at a number of points. The provided
blood stream information is transmitted to the image
generating circuit 24 and is displayed on the monitor 14
in color as an image of the mean velocity, an image of
the dispersion, an image of the power, or an image com-
bined with these.

[0025] The image generating circuit 24 converts a
scanning line signal row of ultrasonic scan into a scan-
ning line signal row of a general video format represent-
ed by television or the like and generates an ultrasonic
diagnosis image as a display image. The image gener-
ating circuit 24 is mounted with a storage memory for
storing image data, and is made to be able to call an
image recorded in inspection by the operator after, for
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example, the diagnosis. Further, data before being
brought into the image generating circuit 24 may be re-
ferred to as "live data".

[0026] FIG. 2 shows details of the image generating
circuit 24. First, a signal processing circuit 24a executes
filtering for determining an image quality at a level of the
scanning line signal row of the ultrasonic scan. An out-
put of the signal processing circuit 24a is transmitted to
a scan converter 24b and is preserved in the image
memory 30a simultaneously therewith. The scan con-
verter 24b converts the scanning line signal row of the
ultrasonic scan into the scanning line signal row of the
general video format represented by television. An out-
put thereof is transmitted to an image processing circuit
24c, where the output is subjected to adjustment of a
brightness or a contrast, an image processing of space
filter or the like, or synthesized with character informa-
tion or graduation of various set parameters and is out-
putted to the monitor 14 as a video signal. In this way,
a tomographic image representing a shape of the tissue
of the subject is displayed.

[0027] The control processor (CPU) 25 is provided
with a function as an information processing apparatus
(computer) and is control means for controlling opera-
tion of the ultrasonic diagnosis apparatus main body.
The control processor 25 reads a control program for
executing to transmit and receive an ultrasonic wave,
generate and display an image, mentioned later, from
the inner storing apparatus 26 to develop on the soft-
ware storing portion 30b and executes operation and
control with regard to various processings.

[0028] The inner storing apparatus 26 is stored with
control programs for executing a scan sequence, anim-
age forming and a display processing, and data groups
of diagnosis information (patient ID, finding of doctor),
diagnosis protocol, transmitting/receiving conditions
and the like. Particularly, the inner storing apparatus 26
is stored with control programs for executing a scan se-
quence for transmitting and receiving an ultrasonic
wave, mentioned later, a processing of generating a dif-
ference image, and operational processing of holding a
brightness, a superposed display, or a display of a third
transmission object region. Further, the inner storing ap-
paratus 26 is used also for storing an image in the image
memory 30a as necessary. Data of the inner storing ap-
paratus 26 can also be transmitted to an external pe-
ripheral apparatus via the interface circuit 30.

[0029] The interface portion 29 is an interface with re-
gard to the input apparatus 13, a network, or a new ex-
ternal storing apparatus (not illustrated). Data of an ul-
trasonic image or a result of analysis provided by the
apparatus can be transmitted to other apparatus via the
network by the interface portion 29. Further, the inter-
face portion 29 is provided with a button exclusive for
making a first transmission, mentioned later, ON/OFF.
By operating the exclusive button, the first transmission
can be made to ON/OFF at an arbitrary timing. By mak-
ing the exclusive button ON/OFF, an image of restrain-
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ing the contrast medium from flowing in and an image
of making the contrast medium flowing in can be
switched to display.

[0030] The image memory 30a comprises a storage
memory for storing image data received from the signal
processing circuit 24a. The image data is made to be
able to call by the operator after, for example, diagnosis
and can reproduce a static image or a dynamic image
using a plurality of sheets thereof. Further, the image
memory 30a is stored with an output signal (referred to
as radio frequency (RF) signal) immediately after the ul-
trasonic transmitting/receiving unit 21, an image bright-
ness signal after passing the transmitting/receiving unit
21, other live data, or the image data acquired via a net-
work as necessary.

(Characteristics of various ultrasonic transmissions)

[0031] The ultrasonic diagnosis apparatus 10 exe-
cutes three kinds of ultrasonic transmissions of a first
transmission, a second transmission and a third trans-
mission under control of the control processor 25. Each
property of ultrasonic transmissions will be described
hereinbelow.

[0032] The second transmission is a transmission of
an ultrasonic wave having a high sound pressure to a
degree of collapsing bubbles of a contrast medium in a
scanning face in contrast echo using the contrast medi-
um. The third transmission is a transmission of an ultra-
sonic wave having a low sound pressure to a degree of
capable of acquiring a diagnosis image by collapsing
bubbles in the scanning face as less as possible. The
first transmission is a transmission executed by consti-
tuting an object of collapsing bubbles (or restraining the
contrast medium from flowing in) at least a portion in the
scanning face and a transmission constituting an ultra-
sonic wave of an amount of one frame from, for exam-
ple, an ultrasonic wave having a low sound pressure to
a degree of capable of acquiring the diagnosis image by
collapsing bubbles in the scanning face as less as pos-
sible and an ultrasonic wave having a high sound pres-
sure to a degree of collapsing bubbles of the contrast
medium in the scanning face. In the first transmission,
aregion constituting an object of irradiating an ultrasonic
wave having a high sound pressure to a degree of col-
lapsing bubbles of the contrast medium may be a region
in a circular arc shape or the like or a region of a scan-
ning line.

[0033] The above-described region of executing the
first transmission is displayed on the monitor 14 by a
predetermined mode. FIG. 3A through FIG. 3C are
views showing a region constituting an object of irradi-
ating an ultrasonic wave having a high sound pressure
by the first transmission (region of irradiating the ultra-
sonic wave having the high sound pressure by the first
transmission) and display examples of the region. FIG.
3A shows an irradiating direction by a line and shows a
region of the highest sound pressure of a sound field of
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a focused ultrasonic wave by a circle. FIG. 3B shows
the irradiating direction and the region of the highest
sound pressure both by lines. The region constituting
the object of irradiating the ultrasonic wave having the
high sound pressure can be set to an arbitrary position
by the operator by operating the input apparatus 13.
[0034] Meanwhile, the ultrasonic pulse is irradiated
from a face of a prove oscillator having a limited size
and therefore, strictly speaking, it is difficult to provide
the high sound pressure only at a very small region.
Hence, actually, simply, there is also a method of show-
ing a scanning line of irradiating the high sound pressure
only by a line.

(Scan sequence)

[0035] Next, an explanation will be given of a basic
scan sequence executed by the ultrasonic diagnosis ap-
paratus 10. Further, a contrast medium preferable for
being used in imaging in accordance with the sequence
is referred to as so-to-speak "next generation contrast
medium" capable of executing imaging for a long period
of time by emitting a harmonic signal without being de-
structed even when an ultrasonic wave having a low
sound pressure is transmitted thereto. Further, when a
small amount and a constant amount of the contrast me-
dium is administered, a concentration of the contrast
medium in the body can be maintained constant for a
comparatively long period of time, which is preferable
for a method according to the embodiment.

[0036] FIG. 4 is a flowchart showing a flow of respec-
tive processings executed by the ultrasonic wave diag-
nosis apparatus 10 in accordance with the scan se-
quence.

[0037] First, parameters necessary for executing the
diagnosis sequence are set and the sequence is started
by the operator (step S1). The parameters necessary
for the diagnosis sequence are, for example, a region
of irradiating the ultrasonic wave having the high pres-
sure by the first transmission, a time period of transmit-
ting the first transmission (first transmission time peri-
od), a time period of transmitting the second transmis-
sion (second transmission time period), and a time pe-
riod of transmitting the third transmission (third trans-
mission time period). Here, the first transmission time
period is set to 5 seconds, the second transmission time
period is set to 0.5 seconds, the third transmission time
period is set to 5 seconds and the region of irradiating
the ultrasonic wave high sound pressure by the first
transmission is set to the trunk portion of the predeter-
mined blood vessel.

[0038] Further, in setting the region of irradiating the
ultrasonic wave having the high pressure by the first
transmission, illustration of the blood vessel by the con-
trast medium has already been executed. Therefore, as
shown by FIG. 5A, it is possible to pay attention to the
single blood vessel on the illustrated image of the blood
vessel and set an irradiating region at the trunk portion
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of the blood vessel on the image by the predetermine
input apparatus.

[0039] Next, the first transmission is switched to the
second transmission by the ultrasonic wave having the
high sound pressure to the degree of collapsing bubbles
of the contrast medium (step S2), and the second trans-
mission is executed for 0.5 seconds in accordance with
the transmission time period set at step S1 (step S3).
[0040] Next, after executing the second transmission
for 0.5 seconds, the second transmission is switched to
the first transmission (step S4). Further, by the second
transmission, almost all the bubbles of the contrast me-
dium in the scanning face are destructed. Therefore, im-
mediately after switching the transmission, as shown by
FIG. 5B, bubbles of the contrast medium are hardly ob-
served to flow in and an image in which bubbles of the
contrast medium are wiped out and the blood vessel or
the like which is not imaged is displayed on the monitor
14.

[0041] Next, the first transmission is executed for 5
seconds (set value at step S1 by operator) and a diag-
nosis image provided thereby is displayed in real time
(step S5). At this stage, bubbles of the contrast medium
are stopped to supply at a region of focusing the ultra-
sonic wave having the high pressure in the first trans-
mission (the region of irradiating the ultrasonic wave
having the high pressure in the first transmission).
Therefore, according to the displayed diagnosis image,
as shown by FIG. 5C, blood stream information present
outside of the region of irradiating the ultrasonic wave
having the high pressure by the first transmission is il-
lustrated.

[0042] Next, the first transmission is switched only to
the third transmission by the ultrasonic wave having the
low sound pressure to a degree of capable of acquiring
the diagnosis image by collapsing bubbles as less as
possible (step S6), the third transmission is executed for
5 seconds (set value at step S1 by operator), and the
diagnosis image provided thereby is displayed in real
time (step S7). According to the diagnosis image at the
stage, as shown by FIG. 5D, the blood stream informa-
tion is illustrated over an entire region of the tomograph-
ic face.

[0043] Further, the time intervals at step S5, S7 can
also be switched at an arbitrary timing by inputting to
switch the button by the operator without setting the time
intervals beforehand.

[0044] Next, the operator finishes a series of the se-
quence by repeating processings from step S2 (branch
B1) or step S4 (branch B2) by executing a predeter-
mined processing as necessary.

[0045] According to the above-described sequence,
at step S7, a signal from the blood vessel to which bub-
bles have been stopped to supply therebefore is in-
creased. Therefore, by the dynamic image reaching
FIG. 5D from FIG. 5C, illustration of the blood vessel by
increasing the signal can selectively be observed and it
can easily be known how the blood stream from the
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blood vessel to which attention is paid presents a dy-
namic blood behavior.

[0046] Further, by repeating the first transmission as
necessary, only the blood vessel to which attention is
paid in the image can selectively be eliminated and by
switching to the third transmission thereafter, the dy-
namic blood behavior with regard to the blood vessel to
which attention is paid can be confirmed again at an ar-
bitrary timing.

[0047] Further, by executing the second transmission
as necessary, the image of the blood vessel present in
the image can be eliminated at an arbitrary timing and
by switching to the first transmission or the third trans-
mission thereafter, the desired dynamic blood behavior
with regard to the blood vessel can be confirmed at an
arbitrary timing.

(Second Embodiment)

[0048] Next, an explanation will be given of a second
embodiment of the invention. According to the second
embodiment, only an image with regard to the blood
vessel to which attention is paid is taken out by execut-
ing a predetermined image processing.

[0049] FIG. 6 is a flowchart showing a flow of respec-
tive processings executed by the ultrasonic diagnosis
apparatus 10 in accordance with a scan sequence ac-
cording to the embodiment.

[0050] First, as shown by FIG. 6, parameters neces-
sary for executing the diagnosis sequence are set and
the sequence is started by the operator (step S11). The
parameters necessary for the diagnosis sequence are,
for example, the first transmission time period, the re-
gion of irradiating the ultrasonic wave having the high
pressure by the first transmission, and the third trans-
mission time period. Here, the third transmission time
period is set to 5 seconds, the first transmission time
period is set to 5 seconds, and the region of irradiating
the ultrasonic wave having the high pressure by the first
transmission is set to the trunk portion of the predeter-
mined blood vessel as shown by FIG. 6A.

[0051] Next, the third transmission is executed for 5
seconds (set value at step S11 by the operator) and the
diagnosis image provided thereby is displayed in real
time (step S12).

[0052] Next, the third transmission is switched to the
first transmission (step S13) and irradiation of the ultra-
sonic wave for 5 seconds (set value at step S1) by the
operator is executed, and the diagnosis image provided
thereby is displayed in real time (step S14). According
to the diagnosis image at this stage, bubbles of the con-
trast medium are stopped to supply to the region of ir-
radiating the ultrasonic wave having the high pressure
by the first transmission. Therefore, according to the dis-
played diagnosis image, as shown by FIG. 7B, the blood
flow information present outside of the irradiating region
is illustrated.

[0053] Further, at the stage of finishing the processing
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at step S14, the operator can return to step S11 as
shown by branch B11 and acquire the image of the third
transmission again as necessary.

[0054] When the diagnosis image by the third trans-
mission and the diagnosis image by the first transmis-
sion are acquired as described above, the operator
stops scanning by operating a "scan freeze button" or
the like (step S15).

[0055] Further, at this occasion, an identifying code of
whether the image recorded in the image memory 30a
is the image by the third transmission or the image by
the first transmission is recorded in header information
of the image. Thereby, with regard to a group of images
normally recorded time-sequentially as in a schematic
view shown in, for example, FIG. 8A, at the display por-
tion, as shown by FIG. 8B, a two-divided display mode
can be adopted, it can selectively be displayed such
that, for example, an image group G1 by the third trans-
mission is displayed on the left side of the screen and
an image group G2 by the first transmission is displayed
on the right side of the screen.

[0056] Next, when pertinent images are selected re-
spectively from the image groups of G1, G2 by utilizing
the above-described display mode, from a pixel bright-
ness value of the image G1, a pixel brightness value of
the image G2 spatially in correspondence therewith is
subtracted and a difference image is generated (step
S16).

[0057] Thatis, from the brightness value of each pixel
constituting the image shown in FIG. 7A, the brightness
value of each pixel constituting the image shown in FIG.
7B is subtracted and a difference image illustrated with
the dynamic blood state with regard to the blood vessel
to which the attention is paid shown in FIG. 7C is gen-
erated. The provided difference image is displayed on
the monitor 14 (step S17).

[0058] Further, FIGS. 9A, 9B, 9C (respectively in cor-
respondence with FIGS. 7A, 7B, 7C) show photographs
of the ultrasonic images acquired by the ultrasonic di-
agnosis apparatus 10 in accordance with the scan se-
quence according to the embodiment.

[0059] According to the above-described sequence,
by setting the region of irradiating the ultrasonic wave
having the high pressure by the first transmission to a
desired position, only the dynamic blood state with re-
gard to the blood vessel present at the region can be
extracted. Further, also the blood vessel present outside
of the region of irradiating the ultrasonic wave having
the high pressure by the first transmission can be ex-
tracted as necessary. Therefore, an observer can ob-
serve the blood vessel constituting the object of the di-
agnosis by eliminating information other than the blood
vessel and can easily know how the blood stream from
the blood vessel to which the attention is paid shows the
dynamic blood state.

[0060] Further, although according to the above-de-
scribed operation, the difference operation of the bright-
ness has been adopted as an example, a method which
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is not limited to the difference can be adopted so far as
the method clearly shows the difference between the im-
ages G1 and G2. For example, when gray scale bright-
ness values of the image G1 are represented by RGB
values, the gray scale brightness values can be repre-
sented as (RGB) = (g1, g1, g1) (where notation g1 des-
ignates an arbitrary value). Here, when the color of the
image G1 is changed as (RGB) = (g1, g1, 0), the gray
scale is displayed by the brightness constituting a base
tone of yellow color. Similarly, when color tone is
changed as (RGB) = (0, 0, g2) in comparison with initial
brightness values (RGB) = (g2, g2, g2) of G2, the bright-
ness constituting the base tone by red is displayed.
Thereafter, when the images G1 and G2 are subjected
to addition processing, an addition image comprising
(RGB) = (g1, g1, g2) is provided. According to the addi-
tion image, the blood vessel present at the region of ir-
radiating the ultrasonic wave having the high pressure
(that is, blood vessel in which the contrast medium is
restrained from being supplied by the first transmission)
can be identified by the color tone different from that of
other portion.

(Third Embodiment)

[0061] As described above, one of the objects of the
invention is selective imaging of a region dominated by
the certain comparatively large blood vessel. Therefore,
with regard to the presented ultrasonic diagnosis image,
as shown by, for example, FIG. 7C, it is preferable that
the blood flow path is illustrated to be continuously con-
nected from an upstream side to a downstream side of
the blood vessel.

[0062] In order to realize the illustration, according to
the embodiment, brightness holding operation is exe-
cuting by using image data provided by the method ac-
cording to the first or the second embodiment. Before
explaining the method, a technical background will be
explained.

[0063] When a next generation type contrast medium
is used, according to an investigation by the inventors,
a time period of capable of acquiring information in
which bubbles of the contrast medium flow into the fine
blood vessel branch is about 1 second through 2 sec-
onds from starting recirculation. Thereafter, a signal of
an unresolvable capillary level becomes dominant.
However, the excellent fine blood vessel branch cannot
be illustrated only by displaying an ultrasonic image of
a background art during a time period from 1 second
through 2 seconds from starting the recirculation. The
reason will be explained in reference to FIG. 10 through
FIG. 13.

[0064] FIG. 10 shows a schematic view of an image
representing the blood vessel in which an abundant con-
trast medium flows. The abundant contrast medium
flows into the comparatively bold blood vessel in this
way, and in the case of such a structure of the blood
vessel, the continuous blood stream path can be
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grasped only by the image as shown by FIG. 10. That
is, with regard to the comparatively bold blood vessel,
the continuous blood stream path can be grasped by the
method of the background art. However, with regard to
the capillary in which a small amount of the contrast me-
dium flows, the following drawing back is brought about.
[0065] FIG. 11 illustrates schematic views of a plural-
ity of images illustrating the fine blood vessel in which a
small amount of the contrast medium flows. As shown
by FIG. 11, in the case of the fine blood vessel in which
a small amount of the contrast medium flows, bubbles
are present only sporadically at an instance in only one
sheet of the image and the blood vessel structure cannot
be grasped. Further, even by looking at diagnosis imag-
es continuously over time, a continuous stream cannot
frequently be observed.

[0066] Further, FIG. 12 shows a schematic view of a
blood flow image illustrating even the small blood flow
using a conventional method. According to the image
shown by FIG. 12, as described above, the blood vessel
branch cannot be illustrated due to a limit in a spatial
resolution but only an increase in a brightness as a "re-
gion" is confirmed and the fine blood vessel branch can-
not be identified.

[0067] Brightness holding operation executed by the
apparatus resolves the problems and enables to provide
an image preferably presenting information of a struc-
ture (here, blood vessel running network) as one piece
of diagnosis information as symbolically shown by FIG.
13.

(Brightness holding operation processing)

[0068] An explanation will be given of a brightness
holding operation processing provided to the ultrasonic
diagnosis apparatus 10. Diagnosis information extract-
ed by the processing includes a blood stream image (in-
cluding a capillary level) provided by the scan sequence
and is useful particularly in illustrating a recirculation im-
age.

[0069] The brightness holding operation can be
grossly classified by brightness holding operation by a
maximum value holding processing and a brightness
holding operation by a weighted updating operation.
First, an explanation will be given of a maximum value
holding processing executed for n sheets of recircula-
tionimages of frame F to frame F,, included in the same
time period T|.

[0070] The maximum value holding processing with
regard to the images from frame F, to frame F, is an
operation of generating a new image by selecting a max-
imum value Pmax (x, y) among spatially correspondent
brightness values in respective frames from F, to F,.
[0071] Thatis, arecirculationimage of a certain frame
F; (i is an integer satisfying 1 <i < n) comprises a set of
spatially arranged brightness values P; (x, y), or simply
a set of a one-dimensional arrangement data P; (x) of
brightness values. A value of P; (x, y) or P; (x) may be
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"signal intensity", "signal amplitude", or "live data value
of RF data" in place of "brightness", however, the bright-
ness value is adopted here. The respective data values
signify that generally, the higher the numerical value, the
higher the echo signal level. There is executed opera-
tion of generating a new image by selecting a maximum
value of the brightness values of respective pixels in
spatially corresponding respective frames over frames
F4 through F,, by utilizing the respective data values.
The operation can be represented by Equation (1) as
follows.

Prax X y)=max [Py (x,y), ..., Py (X, ¥)] 1

[0072] When the maximum value holding processing
is utilized in the recirculation image, at each time of col-
lecting a new frame belonging to the same low sound
pressure time period T, the processing of Equation (1)
may be executed and the provided image may be dis-
played as the recirculation image. The image provided
in this way looks to be imaged as a behavior of succes-
sively imaging the capillary with elapse of time on the
side of the operator (observer).

[0073] Further, an algorithm for realizing the maxi-
mum value holding processing is not limited to the
above-described content. For example, a similar result
can be provided by an algorithm, mentioned below.
[0074] Thatis, by designating a pixel brightness of re-
spective coordinates of a current tomographic image
frame F; by notation P; (x, y) and designating a pixel
brightness of a preceding image frame by notation P,
(%, y), and with regard to two frames relative to each
other, an image operation processing represented by
the following equations is successively executed until i
= 2 through n.

IfP; (X, y) > Py (X, Y)

then P, (x, y) =P, (x,y)

Else P; (x,y) = Py (X, Y)

[0075] According to the algorithm, only a value of a
pixel having a brightness value larger than that of an
image with regard to a frame at a preceding stage is
updated. The operator can observe a behavior of suc-
cessively imaging the capillary with elapse of time also
by the recirculation image provided in this way.

[0076] Next, the weighted updating processing will be
explained. The weighted updating processing with re-
gard to images from frame F, through frame F,, gener-
ates a new image also by subjecting n sheets of recir-
culation images from frame F through frame F, includ-
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ed in the same time period of T, to the weighted updat-
ing processing and is an operation represented by the
following equations.

P (X, y) > Py (X, Y)

then P, (x,y) = A*P; (x,y) + (1-A) * P;4 (X, ¥)

Else P; (x,y) = (A-1) * P, (X, y) +A*P_; (X, y)

[0077] When the above-described value A is setto a
value equal to or smaller than 1 and proximate to 1 (for
example, 0.99), there can be expected operation of
holding a maximum value of the brightness in a short
period of time (in the current case, a time interval from
a preceding stage frame) and attenuating the held
brightness in a long period of time. The operator can
observe a behavior of successively imaging the capillary
with elapse of time also by the recirculation image also
by such a method.

[0078] According to the above-described constitution,
by subjecting an image data selectively displaying the
blood vessel acquired by the first embodiment and a dif-
ference image data acquired by the second embodi-
ment to the brightness holding operation, the fine blood
vessel of each image can be illustrated with high reso-
lution and a detailed blood vessel structure can easily
and swiftly be grasped.

[0079] Further, the invention is not limited to the
above-described embodiment as they are, but can be
specified by modifying constituent elements thereof
within a range not deviated from the gist in an embody-
ing stage.

[0080] For example, according to the above-de-
scribed respective embodiments, the first transmission
is defined as "a transmission executed by constituting
an object of collapsing bubbles at least a portion of the
scanning face, and a transmission constituting an ultra-
sonic wave of an amount of one frame from, for exam-
ple, an ultrasonic wave having a low sound pressure to
a degree of capable of acquiring a diagnosis image by
collapsing bubbles in the scanning face as less as pos-
sible and an ultrasonic wave having a high sound pres-
sure to a degree of collapsing bubbles of the contrast
medium in the scanning face". In contrast thereto, there
may be constructed a constitution of defining the first
transmission as "a transmission constituting an ultra-
sonic wave having a high sound pressure to a degree
of collapsing bubbles of the contrast medium only for a
region of restraining the contrast medium from flowing
in". In this case, in order to realize an effect similar to
that in, for example, step S4 shown in FIG. 4 (that is, an
effect for acquiring a similar image), the first transmis-
sion and the third transmission may alternatingly be re-
peated.
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[0081] Further, various aspects of the invention can
be formed by pertinently combining a plurality of constit-
uent elements disclosed in the above-described embod-
iments. For example, a number of constituent elements
may be deleted from a total of the constituent elements
shown in the embodiments. Further, the constituent el-
ements may pertinently be combined across the differ-
ent embodiments.

Claims

1. An ultrasonic diagnosis apparatus for acquiring an
ultrasonic image by scanning a predetermined por-
tion of a subject administered with bubbles of a con-
trast medium by an ultrasonic wave, said ultrasonic
diagnosis apparatus characterized by comprising:

an ultrasonic probe (12) for transmitting the ul-
trasonic wave to the subject and receiving an
echo signal from the subject;

a signal generating unit (21) for generating a
drive signal for driving the ultrasonic probe; and
a controller (25) for controlling the drive signal
generating unit to execute a scan of a section
by repeating a first ultrasonic wave transmis-
sion including an ultrasonic wave having a
sound pressure to a degree of not substantially
destructing the bubbles of the contrast medium
for acquiring a circulation image of a blood
stream with regard to a predetermined section
and an ultrasonic wave having a sound pres-
sure to a degree of destructing the bubbles of
the contrast medium for destructing the bub-
bles of the contrast medium at part of a desired
blood vessel and restraining the contrast medi-
um from flowing into the desired blood vessel.

2. The ultrasonic diagnosis apparatus according to
claim 1, characterized in that the control unit con-
trols the drive signal generating unit to switch to ex-
ecute a second ultrasonic wave transmission con-
stituting an ultrasonic wave having a sound pres-
sure to a degree of destructing the bubbles of the
contrast medium for destructing the bubbles of the
contrast medium in almost whole area of the sec-
tion.

3. The ultrasonic wave diagnosis apparatus according
to claim 1, characterized in that the control unit
controls the drive signal generating unit to execute
by a plurality of times a third ultrasonic wave trans-
mission constituting an ultrasonic wave having a
sound pressure to a degree of not substantially de-
structing the bubbles of the contrast medium for ac-
quiring a circulation image of a blood stream with
regard to a predetermined section, further compris-
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10

a display unit for displaying a difference image
or a superposed image (14) of a first ultrasonic
wave image provided by the first ultrasonic
wave transmission and a third ultrasonic wave
image provided by the third ultrasonic wave
transmission.

The ultrasonic diagnosis apparatus according to
claim 3, characterized in that the display unit fur-
ther comprises;

a display unit for generating a plurality of
frames of ultrasonic wave images by successively
executing a brightness value holding operation by
using an amount of a plurality of frames of the dif-
ference images by using the first ultrasonic wave
images and the third ultrasonic wave images.

The ultrasonic diagnosis apparatus according to
claim 3, characterized by further comprising:

a storing unit (30a) for storing the first ultrasonic
wave image provided by the first ultrasonic
wave transmission and the third ultrasonic
wave image provided by the third ultrasonic
transmission by attaching identifiers respec-
tively capable of identifying the first ultrasonic
wave and the third ultrasonic image thereto.

6. The ultrasonic diagnosis apparatus according to

claim 1, characterized by further comprising:

an image generating unit (24) for generating a
plurality of frames of ultrasonic wave images by
successively executing a brightness value hol-
ing operation based on the echo signals of an
amount of a plurality of frames provided by the
first ultrasonic wave transmission by the plural-
ity of times.

7. The ultrasonic diagnosis apparatus according to

claim 2, characterized by further comprising:

an image generating unit (24) for generating a
plurality of frames of ultrasonic wave images by
successively executing a brightness value hol-
ing operation based on the echo signals of an
amount of a plurality of frames provided by the
first ultrasonic wave transmission by the plural-
ity of times;

wherein the image generating unit initializes
the brightness value holding operation when the
second ultrasonic wave transmission is executed.

The ultrasonic diagnosis apparatus according to
claim 6, characterized in that the brightness value
holding operation is a maximum value holding op-
eration for generating the image by selecting a max-
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imum value of the echo signals at a spatially corre-
sponding position in the plurality of frames.

The ultrasonic diagnosis apparatus according to
claim 7, characterized in that the brightness value
holding operation is a maximum value holding op-
eration for generating the image by selecting a max-
imum value of the echo signals at a spatially corre-
sponding position in the plurality of frames.

The ultrasonic diagnosis according to claim 1, char-
acterized by further comprising:

a display unit (14) for displaying a region of ir-
radiating an ultrasonic wave having a sound
pressure to a degree of destructing the bubbles
of the contrast medium when the first ultrasonic
wave transmission is executed, in the first ul-
trasonic wave image provided by the first ultra-
sonic wave transmission.

The ultrasonic diagnosis apparatus according to
claim 1, characterized by further comprising:

an image generating unit (24) for generating a
first image of restraining the contrast medium
from flowing into a desired blood vessel based
on the echo signal provided by the first ultra-
sonic transmission and a third image of not re-
straining the contrast medium from flowing into
the desired blood vessel based on the echo sig-
nal provided by the third ultrasonic wave trans-
mission; and

a display unit (14) for displaying an ultrasonic
wave image in which a color tone of the desired
one of the blood vessel is changed by convert-
ing the firstimage and the third image RGB val-
ues of at least one of which is changed.

The ultrasonic diagnosis apparatus according to
claim 1, characterized by further comprising:

an instructing unit (13) for instructing ON/OFF
of the first ultrasonic wave transmission;

wherein the controller controls ON/OFF of the
first ultrasonic wave transmission in response to an
instruction from the instructing unit.

The ultrasonic diagnosis apparatus according to
claim 1, characterized by further comprising:

a designating unit (13) for designating at least
a portion of a transmitted region for restraining
the contrast medium from flowing thereinto in
the first transmission.

An ultrasonic diagnosis apparatus for acquiring an
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ultrasonic wave image by scanning a predeter-
mined portion of a subject administered with bub-
bles of a contrast medium by an ultrasonic wave,
said ultrasonic diagnosis apparatus characterized
by comprising:

an ultrasonic probe (12) for transmitting the ul-
trasonic wave to a transmitted region of the
subject and receiving an echo signal from the
subject;

a signal generating unit (21) for generating a
drive signal for driving the ultrasonic probe; and
a controller (25) for controlling the signal gen-
erating unit to repeatedly execute an ultrasonic
wave transmission having a sound pressure to
a degree of not substantially destructing the
bubbles of the contrast medium for acquiring a
circulation image of a blood stream with regard
to the transmitted region and an ultrasonic
wave transmission for making the bubbles of
the contrast medium present at least a portion
of the transmitted region disappear by a sound
pressure to a degree of destructing the bubbles
of the contrast medium to restrain the contrast
medium from flowing into a desired blood ves-
sel.

15. A method of controlling an ultrasonic diagnosis ap-

paratus for acquiring an ultrasonic wave image by
scanning a predetermined portion of a subject ad-
ministered with bubbles of a contrast medium by an
ultrasonic wave, said method characterized by
comprising the steps of:

generating a drive signal for driving an ultrason-
ic probe for transmitting the ultrasonic wave to
the subject and receiving an echo signal from
the subject; and

controlling the drive signal generating unit to
execute by a plurality of times a first ultrasonic
wave transmission constituting an ultrasonic
wave of an amount of one frame from an ultra-
sonic wave having a sound pressure to a de-
gree of not substantially destructing the bub-
bles of the contrast medium for acquiring a cir-
culation image of a blood stream with regard to
a predetermined section and an ultrasonic
wave having a sound pressure to a degree of
destructing the bubbles of the contrast medium
for making at least a portion of the bubbles of
the contrast medium present at the predeter-
mined section disappear and restraining the
contrast medium from flowing into a desired
blood vessel.

16. A method of controlling an ultrasonic diagnosis ap-

paratus for acquiring an ultrasonic wave image by
scanning a predetermined portion of a subject ad-
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ministered with bubbles of a contrast medium by an
ultrasonic wave, said method characterized by
comprising the steps of:

generating a drive signal for driving an ultrason- 6
ic probe for transmitting the ultrasonic wave to

a transmitted region of the subject and receiv-

ing an echo signal from the subject; and
controlling the signal generating unit to repeat-
edly execute an ultrasonic wave transmission 10
having a sound pressure to a degree of not sub-
stantially destructing the bubbles of the con-
trast medium for acquiring a circulation image

of a blood stream with regard to the transmitted
region and an ultrasonic wave transmission for 75
making the bubbles of the contrast medium
present at least a portion of the transmitted re-
gion disappear by a sound pressure to a degree

of destructing the bubbles of the contrast me-
dium to restrain the contrast medium from flow- 20
ing into a desired blood vessel.
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FIG. 5A ~ FIG. 5B
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