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(57) ABSTRACT

An ultrasonic imaging method using an ultrasonic probe for
applying a first ultrasonic beam to a first region of three-
dimensional region of a subject with a contrast agent admin-
istered thereto and acquiring three-dimensional tomographic
image information for the first region, including the steps of:
setting a second region for applying a second ultrasonic beam
whose sound pressure is higher than that of the first ultrasonic
beam for not destroying the contrast agent, in the three-
dimensional region; and applying the second ultrasonic beam
to exceed sound pressure for destroying the contrast agent
only in the second region and performing the irradiation of the
second ultrasonic beam by the ultrasonic probe in the course
of acquisition of the three-dimensional tomographic image
information in the first region by the first ultrasonic beam.
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FIG. 2
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ULTRASONIC IMAGING APPARATUS AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2008-115243 filed Apr. 25, 2008,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasonic imag-
ing apparatus for imaging a contrast agent administered to a
subject using a three-dimensional ultrasonic probe.

[0003] With the recent advancement of image diagnosis
equipment, morphologic tomographic image informationina
subject can be acquired at a high resolution. An operator
performs various measurements of targeted portions or
regions of the subject, using these morphologic tomographic
image information and acquires useful diagnostic informa-
tion (see, for example, “Revised Medical Ultrasonic Equip-
ment Handbook™ edited by Electronic Industries Association
of Japan, issued by Corona Publishing Co., Ltd., Jan. 201997,
p. 134-139).

[0004] Further, the operator is also able to estimate the state
of morphologically indistinguishable regions or regions by
simulation on the basis of these measured information. When,
for example, the liver is removed due to a disease such as a
tumor, it is necessary to determine a range to be removed.
Here, the range to be removed is decided based on informa-
tion on dominant regions or regions of vascular channels
determined by simulation from the morphologic positions of
the vascular channels that branch off from an arterial vessel
run within the liver.

[0005] FIG. 18 is an explanatory diagram typically show-
ing vascular channels 2 through 4 run inside a liver 1. The
vascular channels 2 through 4 are branched ones of an arterial
vessel that enters from a portal vein to the liver. Blood flows
that entered into the vascular channels 2 through 4 are
absorbed from the peripheral blood vessels of the vascular
channels 2 through 4 to liver’s tissues. Thereafter, the blood
flows are eliminated from venous vessels having structures
similar to the vascular channels 2 through 4 to the outside of
the liver.

[0006] Here, the blood flows absorbed from the peripheral
blood vessels of the vascular channels 2 through 4 to the
liver’s tissues are mainly used in dominant regions or regions
that exist in the neighborhood of the peripheral blood vessels
of the vascular channels 2 through 4. When the liver 1 is partly
removed, disease-free dominant regions preferably remain
without injury for the post-removal liver. It is thus important
to recognize the respective dominant regions set every vas-
cular channel constituting the liver when the liver 1 is partly
removed.

[0007] Upon the above simulation, the dominant regions
are determined by calculation from such a tomographic
image of liver 1 as shown in FIG. 18, which is photographed
or imaged using an X-ray CT apparatus or the like. In this
calculation, for example, the positions of the vascular chan-
nels 2 and 3 in the direction orthogonal to the flow of blood are
determined, and the midpoint therebetween is defined as a
boundary between the dominant regions that the vascular
channels 2 and 3 have. In FIG. 18, the dominant regions 5
through 7 of the vascular channels 2 through 4, which have
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been determined by calculation in this way, are illustrated as
regions or regions surrounded by broken lines.

[0008] According to the background art, however, thereis a
case in which the dominant regions of the vascular channels
differ from actual ones. That is, the dominant regions are
equivalent to ones determined by calculation and are of
merely estimated ones strictly. In the neighborhood of the
boundary between the dominant regions in particular, errors
were contained in the dominant regions.

[0009] Information about each dominant region becomes a
turning point whether a healthy dominant region remains
without injury where the liver is partly removed. The infor-
mation exerts an influence on whether the prognosis of the
subject becomes satisfactory.

BRIEF DESCRIPTION OF THE INVENTION

[0010] Anultrasonic imaging apparatus according to a first
aspect includes an ultrasonic probe for applying a first ultra-
sonic beam to a first region of three-dimensional region of a
subject with a contrast agent administered thereto and acquir-
ing three-dimensional tomographic image information for the
first region, including: a region setting device for setting a
second region for applying a second ultrasonic beam whose
sound pressure is higher than that of the first ultrasonic beam
for not destroying the contrast agent, in the three-dimensional
region; and a controller for allowing the second ultrasonic
beam to exceed sound pressure for destroying the contrast
agent only in the second region and performing theirradiation
of the second ultrasonic beam by the ultrasonic probe in the
course of acquisition of the three-dimensional tomographic
image information in the first region by the first ultrasonic
beam.

[0011] In the first aspect, a second region for applying a
second ultrasonic beam of high sound pressure is set to three-
dimensional tomographic image information. The irradiation
of the second ultrasonic beam set so as to exceed sound
pressure for destroying a contrast agent only in the second
region is performed in the course of acquisition of three-
dimensional tomographic image information using a first
ultrasonic beam.

[0012] A second aspect is provided wherein in the ultra-
sonic imaging apparatus described in the first aspect, the
second region is part of blood vessels that branch off within
the liver of the subject.

[0013] 1Inthe second aspect, a contrast agent that flows into
vascular channels is destroyed by a second ultrasonic beam.
[0014] A third aspect is provided wherein in the ultrasonic
imaging apparatus described in the first or second aspect, the
region setting device sets the second region to two-dimen-
sional tomographic image information constituting the three-
dimensional tomographic image information, and the ultra-
sonic imaging apparatus also includes a display unit for
displaying an image based on the two-dimensional tomo-
graphic image information, and an irradiation section setting
device for setting an irradiation sectional region for the sec-
ond region to the image.

[0015] In the third aspect, an irradiation sectional region
shown in two-dimensional tomographic image information
for a second region is set.

[0016] A fourth aspect is provided wherein in the ultrasonic
imaging apparatus described in the third aspect, the irradia-
tion section setting device sets marker regions for detecting
the motion of the irradiation sectional region to the image.



US 2009/0270733 Al

[0017] Inthe fourth aspect, marker regions are respectively
set to locations where it is easy to detect the motion of an
irradiation sectional region.

[0018] A fifth aspect is provided wherein in the ultrasonic
imaging apparatus described in the fourth aspect, the region
setting device has a marker region position detection device
for detecting a location where each of the marker regions is
positioned.

[0019] In the fifth aspect, the detection of motion of an
irradiation sectional region is ensured.

[0020] A sixth aspect is provided wherein in the ultrasonic
imaging apparatus described in the fifth aspect, the region
setting device has an irradiation section resetting device for
resetting the position of the irradiation sectional region, based
on information about the positions of the marker regions
detected by the marker region position detection device.
[0021] Inthe sixth aspect, an irradiation sectional region is
moved according to the motion of a subject.

[0022] A seventh aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the third
through sixth aspects, the region setting device has an irra-
diation region generation device for expanding theirradiation
sectional region in a thickness direction orthogonal to the
image and thereby generating the second region.

[0023] Inthe seventh aspect, an irradiation sectional region
is expanded in a thickness direction and thereby a second
region is generated.

[0024] An eighth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the seventh aspect, the
irradiation region generation device has a region limit device
for limiting the length of the second region in the thickness
direction to within a predetermined restricted distance.

[0025] Inthe eighth aspect, the length of a second region in
a thickness direction is fit within a predetermined range.

[0026] A ninth aspect is provided wherein the ultrasonic
imaging apparatus described in the eighth aspect also
includes a restricted distance input key for inputting the
restricted distance.

[0027] Inthe ninth aspect, the length of a second region in
a thickness direction can be inputted.

[0028] A tenth aspect is provided wherein in the ultrasonic
imaging apparatus described in any one of the third through
ninth aspects, the controller has an irradiation sectional
region measuring device for measuring the size of the irra-
diation sectional region in an electronic scan direction
orthogonal to the direction of a depth that the image based on
the two-dimensional tomographic image information has.

[0029] Inthetenthaspect, the size ofa region forirradiating
a second ultrasonic beam is determined.

[0030] An eleventh aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the third
through tenth aspects, the controller has a sound pressure
distribution calculation device for calculating a sound pres-
sure distribution of a second ultrasonic beam generated by a
sound ray closest to a center position of the irradiation sec-
tional region.

[0031] A twelfth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the eleventh aspect, the
sound pressure distribution calculation device sets a depth
that the center position of the irradiation sectional region has,
to a focal depth on which the second ultrasonic beam is
focused.
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[0032] 1Inthetwelfth aspect, the sound pressure distribution
calculation device sets sound pressure to the maximum in an
irradiation sectional region.

[0033] A thirteenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the third
through twelfth aspects, the controller has a sound pressure
decision parameter determination device for changing sound
pressure decision parameters used upon the calculation of the
sound pressure distribution.

[0034] In the thirteenth aspect, sound pressure decision
parameters are changed to determine an optimum sound pres-
sure distribution of a second ultrasonic beam.

[0035] A fourteenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the thirteenth aspect,
the sound pressure decision parameters include an aperture
width and a drive voltage used when the second ultrasonic
beam is transmitted.

[0036] In the fourteenth aspect, a sound pressure distribu-
tion is controlled by adjustments to an aperture width and a
drive voltage.

[0037] A fifteenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in the fourteenth aspect,
the aperture width is set to an aperture width wider than the
aperture width at the time that the first transmission is done.
[0038] Inthe fifteenth aspect, a sound pressure distribution
is enhanced steeply in an irradiation sectional region located
in a focal depth.

[0039] A sixteenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the third
through fifteenth aspects, the controller has a beam change
device for stopping the first ultrasonic beam which acquires
the two-dimensional tomographic image information at a
position of the sound ray closest to the center position of the
irradiation sectional region and generating the second ultra-
sonic beam in place of the first ultrasonic beam, upon acqui-
sition of the three-dimensional tomographic image informa-
tion.

[0040] Inthe sixteenth aspect, a contrast agent for a second
region is destroyed while the acquisition of three-dimen-
sional tomographic image information is being performed.
[0041] A seventeenth aspect is provided wherein in the
ultrasonic imaging apparatus described in any one of the first
through sixteenth aspects, the ultrasonic probe has a piezo-
electric transducer array in which piezoelectric transducers
are arranged on a one-dimensional basis, and a mechanical
scan unit for mechanically moving the piezoelectric trans-
ducer array in the direction approximately orthogonal to the
direction of the arrangement thereof.

[0042] Inthe seventeenth aspect, a one-dimensional piezo-
electric transducer array is mechanically driven to acquire
three-dimensional tomographic image information.

[0043] An eighteenth aspect is provided wherein in the
ultrasonic imaging apparatus described in the seventeenth
aspect, the controller stops the mechanical scan and repeat-
edly performs only an electronic scan done in the direction of
the arrangement of the piezoelectric transducer array upon
acquisition of the two-dimensional tomographic image infor-
mation by the electronic scan.

[0044] In the eighteenth aspect, two-dimensional tomo-
graphic image information is acquired at a high frame rate
while the destruction of a contrast agent is being performed.
[0045] A nineteenth aspect is provided wherein in the ultra-
sonic imaging apparatus described in any one of the first
through eighteenth aspects, the ultrasonic probe has a two-
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dimensional piezoelectric transducer array in which piezo-
electric transducers are two-dimensionally arranged at a sut-
face brought into contact with the subject.

[0046] In the nineteenth aspect, three-dimensional tomo-
graphic image information is acquired by an electronic scan
alone.

[0047] According to the invention, dominant regions or
regions of vascular channels that constitute a liver are pro-
jected or drawn as low-brightness regions free of existence of
a contrast agent. The dominant regions can be visually con-
firmed. By extension, when the subject’s liver is partly
removed, for example, it can be performed without injury of
healthy dominant regions and the prognosis of the subject can
be made satisfactory.

[0048] Further objects and advantages of the present inven-
tion will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 is a block diagram showing an overall con-
struction of an ultrasonic imaging apparatus.

[0050] FIG.?2isanexternal diagram illustrating a construc-
tion of an ultrasonic probe.

[0051] FIG. 3 is an explanatory diagram showing an elec-
tronic scan and a mechanical scan of the ultrasonic probe.
[0052] FIG.4isanexplanatory diagram illustrating a three-
dimensional imaging region acquired by the ultrasonic probe
and its display sections.

[0053] FIG.5isablock diagram depicting a construction of
a controller according to an embodiment.

[0054] FIG. 6 is a flowchart showing the operation of the
controller according to the embodiment.

[0055] FIG. 7 is an explanatory diagram illustrating a
branch portion of a hepatic artery displayed in an A section.
[0056] FIG. 8 is a flowchart depicting the operation of a
high acoustic pressure irradiation region setting process
according to the embodiment.

[0057] FIG. 9 is an explanatory diagram showing an irra-
diation sectional region set by an operator and a three-dimen-
sional high sound or acoustic pressure irradiation region gen-
erated from the irradiation sectional region.

[0058] FIG. 10 is an explanatory diagram illustrating the
setting of marker regions and digitalization of a relative posi-
tion of the irradiation sectional region, both of which are
carried out by the high sound pressure irradiation region
setting process.

[0059] FIG. 11 is a flowchart showing the operation of an
ultrasonic beam control process according to the embodi-
ment.

[0060] FIG. 12 is an explanatory diagram illustrating a
sound pressure distribution on sound rays of an ultrasonic
beam.

[0061] FIG. 13 is an explanatory diagram depicting a beam
profile at a focus depth position of the ultrasonic beam.
[0062] FIG. 14 is an explanatory diagram showing domi-
nant regions drawn or projected on the section A.

[0063] FIG. 15 is a flowchart illustrating the operation of a
high sound pressure irradiation region resetting process
according to the embodiment.

[0064] FIG. 16 is an explanatory diagram showing detec-
tion of marker region positions and the calculation ofa center
position of the irradiation sectional region.
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[0065] FIG. 17 is an explanatory diagram illustrating a
method for generating an irradiation sectional region from the
detected marker region positions.

[0066] FIG. 18 is an explanatory diagram showing vascular
channels and dominant regions.

DETAILED DESCRIPTION OF THE INVENTION

[0067] Embodiments of an ultrasonic imaging apparatus
will be explained below with reference to the accompanying
drawings. Incidentally, the invention is not limited thereby.

[0068] An overall construction of an ultrasonic imaging
apparatus 100 according to the present embodiment will first
be described. F1G. 1 is a block diagram showing the overall
construction of the ultrasonic imaging apparatus 100 accord-
ing to the present embodiment. The ultrasonic imaging appa-
ratus 100 has an ultrasonic probe 10, an image acquisition
unit 109, an image memory 104, an image display controller
105, adisplay unit 106, an input unit 107 and a controller 108.

[0069] The ultrasonic probe 10 applies ultrasound in a spe-
cific direction of an imaging section of a portion, i.e., a subject
8 for transmitting and receiving the ultrasound and receives
ultrasonic echoes reflected on a case-by-case basis from
inside the subject 8 as time-series sound rays. On the other
hand, the ultrasonic probe 10 performs an electronic scan and
a mechanical scan while the direction of irradiation of the
ultrasound is being switched sequentially. As will be
described in detail later, the ultrasonic probe 10 includes a
piezoelectric transducer array in which piezoelectric trans-
ducers are arranged in an electronic scan direction in array
form, and a mechanical scan unit for mechanically scanning
the piezoelectric transducer array in the direction orthogonal
to this arrangement and acquires three-dimensional tomo-
graphic image information from a three-dimensional imaging
region corresponding to a first region located inside the sub-
ject 8.

[0070] The image acquisition unit 109 includes a transmis-
sion-reception part, a B mode processor, a doppler processor,
etc. The transmission-reception part is connected to the ultra-
sonic probe 10 via a coaxial cable. The transmission-recep-
tion part generates an electric signal for driving each piezo-
electric transducer of the ultrasonic probe 10 and also
performs first-stage amplification of each reflected ultrasonic
echo received thereat. The transmission-reception part has a
drive voltage varying device and adjusts a drive voltage at the
transmission of each ultrasonic echo, by extension, changes
the magnitude of sound pressure held by the ultrasound lying
in the subject 8.

[0071] The B mode processor performs a process for gen-
erating, in real time, a B mode image from the reflected
ultrasonic echo signal amplified by the transmission-recep-
tion part. The doppler processor extracts phase change infor-
mation from the reflected ultrasonic echo signal amplified by
the transmission-reception part and calculates blood flow
information such as an average velocity corresponding to an
average frequency value of frequency shift, a power value and
dispersion in real time.

[0072] The image memory 104 is of a mass storage
memory which stores B mode image information, doppler
image information and three-dimensional image information
or the like acquired by the image acquisition unit 109 therein.
The three-dimensional image information is of image infor-
mation obtained by combining B mode image information
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different in imaging position and doppler image information.
The image memory 104 is configured using, for example, a
hard disk or the like.

[0073] The image display controller 105 performs conver-
sion of display frame rates of the B mode image information
generated by the B mode processor and the blood flow image
information or the like generated by the doppler processor,
and control on the shape and position of each image display.
[0074] The display unit 106 includes a CRT (Cathode Ray
Tube) or an LCD (Liquid Crystal Display) or the like and
displays a B mode image or a doppler image or the like.
[0075] The input unit 107 consists of a keyboard, a mouse
and the like and is inputted with operation information from
an operator. The input unit 107 performs, for example, an
operation input for selecting a display based on a B mode or
a display based on a doppler process, the setting of the posi-
tion of a region or region for performing processing on dis-
played image information by a cursor or the like, designation
of a region of interest, an operation input for inputting the
setting of a B mode process and a doppler process, etc.
[0076] Theinputunit 107 inputs information such as a scan
mode, a mechanical scan speed or rate, the maximum swing
angle and a scan start or the like at the time that the piezo-
electric transducer array of the ultrasonic probe 10 is
mechanically scanned, to the controller 108.

[0077] The controller 108 controls the operations of the
respective parts of the ultrasonic imaging apparatus 100
including the ultrasonic probe 10, based on operation infor-
mation inputted from the input unit 107, and programs and
data stored in advance. For example, the controller 108 con-
trols the position of the piezoelectric transducer array lying
inside the ultrasonic probe 10, based on the scan mode, the
mechanical scan rate, the maximum swing angle and the scan
start or the like of the ultrasonic probe 10, which have been
inputted from the input unit 107.

[0078] The controller 108 controls a destruction ultrasonic
beam corresponding to a second ultrasonic beam for destruct-
ing a contrast agent administered to the subject, using the
three-dimensional tomographic image information stored in
the image memory 104 updated in real time. Incidentally, this
control will be described in detail later.

[0079] FIG.2isa sectional view showing an internal struc-
ture of the ultrasonic probe 10. The ultrasonic probe 10
includes a cover 51, a grasping or holding portion 52, a
piezoelectric transducer array 17 and combined fluid 47, and
adrive gear 21, a drive shaft 24, a stepping motor 28, abelt 33
and a rotation controller 25 which configure the mechanical
scan unit. Here, the cover 51 and the holding portion 52 form
a container which internally includes the piezoelectric trans-
ducer array 17 and the combined fluid 47, and the drive gear
21, the stepping motor 28, the belt 33 and the rotation con-
troller 25 that form the mechanical scan unit. Incidentally, xyz
coordinate axes shown in the figures are coordinate axes
common to all drawings in which the corresponding coordi-
nate axes exist, and indicate a position relationship between
the drawings. Here, the x axis faces in an electronic scan
direction, the y axis faces in a mechanical scan direction, and
the z axis faces in the longitudinal direction of the holding
portion 52.

[0080] The cover 51 is made up of a semitransparent film
and has an arc-like shape that extends along the track of the
piezoelectric transducer array 17 mechanically scanned in an
arc-shaped manner. The cover 51 is formed as a material
having acoustic impedance for allowing an ultrasound gen-
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erated at the piezoelectric transducer array 17 and each
reflected ultrasonic echo from the subject 8 to pass there-
through with a low loss.

[0081] Theholding portion 52 includes moldable or shape-
able plastic or the like. The holding portion 52 is brought into
such a shape that the operator is capable of holding the ultra-
sonic probe 10 easily and reliably.

[0082] The piezoelectric transducer array 17 is of a convex
linear scan type probe. This linear scan type probe has a
piezoelectric transducer array in which a plurality of piezo-
electric transducers are one-dimensionally arranged in the
electronic scan direction approximately orthogonal to the
mechanical scan direction. The linear scan type probe per-
forms an electronic scan along this arrangement.

[0083] The mechanical scan unit scans the piezoelectric
transducer array 17 in the mechanical scan direction. The
mechanical scan unit has the drive shaft 24 corresponding to
aswing device that faces in the electronic scan direction. With
the rotation of the drive shaft 24, the surface of the probe
brought into contact with the cover 51 of the piezoelectric
transducer array 17 performs, in the mechanical scan direc-
tion, a swing operation for plotting or drawing an arc-shaped
trajectory. Incidentally, the combined fluid 47 is charged
inside the cover 51 in which the piezoelectric transducer array
17 exists, and brings acoustic coupling between the piezo-
electric transducer array 17 and the cover 51 to a loss-reduced
state.

[0084] The drive shaft 24 is mechanically connected to the
stepping motor 28 via the drive gear 21 and the belt 33. With
the input of a control pulse from the rotation controller 25, the
stepping motor 28 performs a rotation at an aimed predeter-
mined angle with high accuracy. With its rotation, the
mechanically-connected drive shaft 24 and the piezoelectric
transducer array 17 coupled to the drive shaft 24 are rotated in
the mechanical scan direction.

[0085] The rotation controller 25 has a pulse generation
unit for generating a pulse for driving the stepping motor 28,
and a pulse control unit for controlling the pulse. The rotation
controller 25 controls the rotational angle of the stepping
motor 28, by extension, the piezoelectric transducer array 17,
based on the control information sent from the image acqui-
sition unit 109 to cause the piezoelectric transducer array 17
to perform a swing operation with the drive shaft 24 as the
center of rotation.

[0086] The rotation controller 25 sets, for example, the
location of the piezoelectric transducer array 17 in the z-axis
direction in which the piezoelectric transducer array 17 faces
the front face of the subject, as a home position and sets it as
a location where it always stays when no scan is done. The
rotation controller 25 starts a scan in a predetermined
mechanical scan direction from the home position, based on
information about the maximum swing angle of the piezo-
electric transducer array 17, which has been measured from
the imaging front face and information about a scan rate of the
piezoelectric transducer array 17 in the mechanical scan
direction, both of which are inputted by the operator. There-
after, the rotation controller 25 brings back the piezoelectric
transducer array 17 to the home position in accordance with
the instructions of a scan stop from the input unit 107 by the
operator and stops the scan.

[0087] FIG. 3 is an explanatory diagram typically showing
scans in an electronic scan direction and a mechanical scan
direction approximately orthogonal to the electron scan
direction, both of which are performed using the ultrasonic
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probe 10, and a three-dimensional imaging region 9 located
inside the subject 8, which is acquired upon the scans. The
ultrasonic probe 10 performs an electronic scan while apply-
ing a first ultrasonic beam set from the input unit 107 in the
electronic scan direction of the piezoelectric transducer array
17 with the piezoelectric transducers arranged therein,
thereby to acquire two-dimensional tomographic image
information. Thereafter, the ultrasonic probe 10 moves the
piezoelectric transducer array 17 in the mechanical scan
direction orthogonal to the electronic scan direction and pet-
forms the electronic scan again thereat thereby to repeat the
acquisition of tomographic image information. Thus, the
three-dimensional tomographic image information in the
three-dimensional imaging region 9 lying inside the subject 8
is repeatedly acquired. Incidentally, the first ultrasonic beam
is defined as sound pressure that does not destroy the contrast
agent lying inside the subject 8.

[0088] FIG. 4 is an explanatory diagram showing three-
dimensional imaging region 9 corresponding to an acquired
first region and a two-dimensional imaging region of the
three-dimensional imaging region 9 displayed on the display
unit 106. Image information about a specific two-dimen-
sional imaging section contained in the acquired three-di-
mensional tomographic image information is displayed on a
two-dimensional display screen of the display unit 106 in real
time. For example, the display unit 106 is capable of display-
ing three orthogonal sections set to the three-dimensional
imaging region 9 in real time.

[0089] The three orthogonal sections include an A section
81, a B section 82 and a C section 83. The A section 81 is of
a section parallel to an xz-axis surface and indicates a section
at the home position as viewed in the electronic scan direc-
tion. The B section 82 is of a section parallel to a yz-axis
surface and indicates a section as viewed in the mechanical
scan direction. The C section 83 is of a section parallel to an
xy-axis surface and indicates an opposite section opposite to
a contact surface at which the ultrasonic probe 10 is brought
into contact with the subject 8. Incidentally, the position of the
A section 81 as viewed in the mechanical scan direction, the
position of the B section 82 as viewed in the electronic scan
direction and the depth position of the C section 83 as viewed
from the contact surface at which the ultrasonic probe 10
contacts the subject 8, can be changed by the designation
given from the input unit 107. Incidentally, an arterial vessel
entered or led from a portal vein and three vascular channels
that branch off from the arterial vessel are illustrated in the
three-dimensional imaging region 9 corresponding to the first
region shown in F1G. 4. The arterial vessel and these vascular
channels have three-dimensionally spread spatial configura-
tions and do not fit into the two-dimensional imaging sec-
tions.

[0090] FIG. 5 is a block diagram showing a functional
construction of the controller 108. The controller 108
includes a three-dimensional region setting device 41 corre-
sponding to a region setting device, an ultrasonic beam con-
trol device 42 and a transmission-reception control device 43.
The three-dimensional region setting device 41 sets a high
sound pressure irradiation region corresponding to a second
region to the three-dimensional imaging region 9. A destruc-
tion ultrasonic beam corresponding to a second ultrasonic
beam is applied to the high sound pressure irradiation region.
The destruction ultrasonic beam has destruction sound pres-
sure for destroying the contrast agent in the high sound pres-
sure irradiation region and has sound pressure less than the
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destruction sound pressure in a region other than the high
sound pressure irradiation region.

[0091] The ultrasonic beam control device 42 controls a
sound pressure distribution of the destruction ultrasonic heam
corresponding to the second ultrasonic beam in such a man-
ner that the sound pressure distribution has the sound pressure
for destroying the contrast agent only in the high sound pres-
sure irradiation region corresponding to the second region.
[0092] The transmission-reception control device 43 trans-
mits a destruction ultrasonic beam to the corresponding high
sound pressure irradiation region of the subject 8 in such a
manner that the acquisition of three-dimensional tomo-
graphic image information having areal-time characteristic is
not impaired.

[0093] Here, the three-dimensional region setting device 41
corresponding to the region setting device includes an irra-
diation section setting device 61, an irradiation region gen-
eration device 62, a region restricting or limit device 63, a
marker position detection device 64 and an irradiation section
resetting device 65. The ultrasonic beam control device 42
includes an irradiation sectional region measuring device 67,
an acoustic or sound pressure distribution calculation device
68 and a sound pressure decision parameter determination
device 69. The transmission-reception control device 43
includes a beam replacing or change device 70 and an imag-
ing section fixing device 71. The detailed constructions and
functions of these three-dimensional region setting device 41,
an ultrasonic beam control device 42 and a transmission-
reception control device 43 will be explained in detail as to the
following operation of the controller 108.

[0094] The operation of the controller 108 will next be
explained using FIG. 6. FIG. 6 is a flowchart showing the
operation of the controller 108. The operator first brings the
ultrasonic probe 10 into intimate contact with an imaged
region of the subject 8 and starts the acquisition of three-
dimensional tomographic image information (Step S601).
Two-dimensional tomographic image information about the
A section 81, B section and C section shown in FIG. 4 are
displayed on the display unit 106.

[0095] Thereafter, the operator operates or controls the
ultrasonic probe 10 to draw or project, for example, a branch
portion or region at which the liver of the subject 8, particu-
larly, the arterial vessel extending from the portal vein to the
liver branch into the vascular channels, on the A section 81 on
which the electronic scan is done (Step S602). FIG. 7 is an
explanatory diagram showing one example of the A section
81 displayed on the display unit 106. A branch portion 71 at
which an arterial vessel 75 lying in the liver is branched into
vascular channels 72 through 74, is illustrated in FIG. 7. The
arterial vessel 75 and the vascular channels 72 through 74
respectively have structures three-dimensionally expanded
even in the thickness direction orthogonal to the sheet of
two-dimensional tomographic image information shown in
FIG. 7. Incidentally, each of arrows shown in the arterial
vessel 75 indicates the direction in which the blood flows.
[0096] Thereafter, the operator performs a high sound pres-
sure irradiation region setting process through the three-di-
mensional region setting device 41 corresponding to the
region setting device (Step S603). FIG. 8 is a flowchart show-
ing the operation of the high sound pressure region setting
process, which is performed by the three-dimensional region
setting device 41. The operator performs the designation of a
position of such a branch portion 71 shown in FIG. 7 on its
image by using a cursor or the like (Step S801). The irradia-
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tion section setting device 61 sets an irradiation sectional
region to the A section 81, based on information about the
designated position. The irradiation section setting device 61
sets this irradiation sectional region as an A section of a high
sound pressure irradiation region corresponding to a three-
dimensional second region.

[0097] FIG. 9(A) shows one example of a case in which an
irradiation sectional region 91 1s setto the A section 81 shown
in FIG. 7. In FIG. 9(A), the arterial vessel 75 branches off at
the branch portion or region 71, and the irradiation sectional
region 91 is set to an entrance portion that extends to the
vascular channel 73. The irradiation sectional region 91 is set
along the vessel wall so as to cover a blood flow flowing into
the vascular channel 73 all.

[0098] Thereafter, the operator inputs a restricted distance
corresponding to the length of a thickness-direction high
sound pressure irradiation region to the region limit device 63
through a restricted distance input key of the input unit 107
(Step S802). The region limit device 63 places the thickness-
direction length of the high sound pressure irradiation region
within the restricted distance using the restricted distance.
Incidentally, the restricted distance is set approximately to a
size of such a degree that it slightly exceeds the diameter of a
blood vessel contained in the vascular vessel 73 of the irra-
diation sectional region 91.

[0099] Thereafter, the irradiation region generation device
62 generates a high sound pressure irradiation region corre-
sponding to a three-dimensional second region, based on
information about the irradiation sectional region 91 and the
restricted distance (Step S803). FIG. 9(B) is an explanatory
diagram showing a high sound pressure irradiation region 92
generated in a three-dimensional imaging region 9 by the
irradiation region generation device 62. The high sound pres-
sure irradiation region 92 becomes a region or region of
rectangular parallelepiped, which has a restricted distance 93
in its thickness direction with the irradiation sectional region
91 as a center position. Incidentally, since the restricted dis-
tance 93 slightly exceeds the size of the diameter of the blood
vessel, the region of rectangular parallelepiped includes the
vascular channel 73.

[0100] Afterwards, the operator sets marker regions 101
through 103 to the two-dimensional tomographic image
information of the A section 81 (Step S804). FIG. 10(A)
shows the circular marker regions 101 through 103 set onto an
image of the arterial vessel when the irradiation sectional
region 91 is set to the vascular channel 73 of the A section 81.
Incidentally, information about the positions of the marker
regions 101 through 103 are inputted to the marker position
detection device 64.

[0101] As will be described later, each of the marker
regions 101 through 103 designates a region for detecting a
change in the position of the irradiation sectional region 91,
which occurs due to body motion. Thus, the marker regions
101 through 103 are set to regions or regions suitable for
detecting the movement of the vascular channel 73. In FIG.
10(A), the marker regions are set in such a manner that the
center positions of the circular marker regions 101 through
103 respectively coincide with a branch point (marker region
102) between the vascular channels 72 and 73, a branch point
(marker region 103 ) between the vascular channels 73 and 74,
and a leading end or tip portion (marker region 101) of the
vascular channel 73 at the A section 81. These points move in
cooperation with the change in the position of the irradiation
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sectional region 91 and include tip-sharpened points at an
image. It is easy to detect the change in position.

[0102] Thereafter, the marker position detection device 64
digitalizes the relative positions relative to the marker regions
101 through 103 of the irradiation sectional region 91 (Step
S805). The marker position detection device 64 determines
the center positions of the respective marker regions, based on
information of the irradiation sectional region 91 and infor-
mation on the positions of the marker regions 101 through
103 from the irradiation section setting device 61. FIG. 10(B)
shows only the arterial vessel 75 and the marker regions 101
through 103 extracted from the image of the A section 81
shown in FIG. 10(A). The set irradiation sectional region 91
is illustrated in the image.

[0103] FIG. 10(C) shows only the marker regions 101
through 103 and the center position P of the irradiation sec-
tional region 91 extracted from the drawing illustrative of the
arterial vessel 75, marker regions 101 through 103 and irra-
diation sectional region 91 shown in FIG. 10(B). The center
positions of the marker regions 101 through 103 are
expressed in A, B and C respectively. At this time, let’s
assume that a point where a linear curve that passes through
points C and P and a line segment AB intersect, is defined as
D, and a point where a linear curve that passes through points
B and P and a line segment AC intersect is defined as E. Here,
the marker position detection device 64 determines a ratio
between AD:DB and AE:EC. This ratio is defined as the
center position P of the irradiation sectional region 91 relative
to the marker regions 101 through 103 typified by the ABC
points. The present high sound pressure irradiation region
setting process is terminated.

[0104] Referring back to FIG. 6 subsequently, the ultra-
sonic beam control device 42 performs an ultrasonic beam
control process (Step S604). FIG. 11 is a flowchart showing
the operation of the ultrasonic beam control process. The
irradiation sectional region measuring device 67 performs the
measurement of the irradiation sectional region 91 (Step
S111). Upon this measurement, the depth position in the
depth direction, of the center position P that the irradiation
sectional region 91 has, and the region orregion width L in the
electronic scan direction, of the irradiation sectional region
91 are determined. The irradiation sectional region measuring
device 67 determines a sound ray number of each sound ray,
close to the center position P (Step S112). The sound ray
indicates a line indicative of a path for the intrusion of an
ultrasonic beam transmitted in the depth direction of the
subject 8 from the surface of the piezoelectric transducer
array 17. The sound ray number indicates the position of
transmission of the ultrasonic beam in the direction of
arrangement of the piezoelectric transducer array 17.

[0105] Thereafter, the ultrasonic beam control device 42
sets initial values of an opening or aperture width and a drive
voltage corresponding to sound pressure decision parameters
where the destruction ultrasonic beam is applied to the sub-
ject8, to the sound pressure distribution calculation device 68
(Step S113). The initial value of the aperture width is defined
as the maximum aperture width set every sound ray number.
The maximum aperture width is set to an aperture or opening
width equal to about twice the aperture width taken when
imaging is performed, at the center in the direction of an
arrangement of the piezoelectric transducer array 17. The
initial value of the drive voltage is set to a voltage equal to
about half the voltage at the time that imaging is performed.
Here, the ultrasonic beam control device 42 calculates an
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irradiation sectional region 91 and a sound pressure distribu-
tion in the neighborhood thereof through the sound pressure
distribution calculation device 68 where it has the values of
the set sound pressure decision parameters. The sound pres-
sure distribution calculation device 68 will be explained
below.

[0106] The sound pressure distribution calculation device
68 determines sound pressure in proximity to the boundary of
the irradiation sectional region 91 using information about
the aperture width and drive voltage corresponding to the set
sound pressure decision parameters. The sound pressure dis-
tribution calculation device 68 determines each sound pres-
sure amplitude Pm in water or moisture from scan parameter
values and an experimentally measured sound pressure dis-
tribution in water. A distribution of a sound pressure ampli-
tude Pm in water on the basis of predetermined scan param-
eter values is experimentally determined in advance by the
movement or the like of a hydrophone installed in water, for
example. This is set in advance to the sound pressure distri-
bution calculation device 68 as non-volatile information
inputted by hand from the input unit 107 or written inan ROM
or the like.

[0107] FIG. 12 is an explanatory diagram showing one
example of an acquired sound pressure distribution function.
In FIG. 12, the direction of a depth extending inside the
subject 8 as viewed from the contact surface between the
ultrasonic probe 10 and the subject 8 is defined as the hori-
zontal axis (z axis), and the sound pressure amplitude Pm
indicated by an irradiated ultrasound is defined as the vertical
axis. Here, the z axis indicative of the horizontal axis is
defined with the surface of the ultrasonic probe 10 brought
into contact with the subject 8 being assumed to be the origin
point. A sound pressure distribution in the depth direction
shows the maximum sound pressure PMax at a position close
to a focal depth FD and thereafter decreases in sound pres-
sure.

[0108] Such a sound pressure distribution function Pm(Z)
shown in FIG. 12 changes according to a change in each scan
parameter value. As the scan parameter values that change the
sound pressure distribution, may be mentioned, for example,
probe information Ty including the resonant frequency of the
ultrasonic probe 10 and the like, a focal depth FD of an
electronic focus done in a scan direction, an opening or apet-
ture width AW indicative of the number of piezoelectric trans-
ducers simultaneously driven in the scan direction, apodiza-
tion information AP and a drive voltage MV for driving each
piezoelectric transducer. The value of the experimentally
determined sound pressure distribution function Pm(7) is
corrected to a suitable value by these scan parameter values.
Assuming that this correction function is f, the value PM of
the sound pressure distribution function Pm(7) is corrected as
follows:

PM={(Pm,MV,Ty,FD,AWAP, . ..)

Incidentally, the correction function f has a complex func-
tional form. A corrected PM on the left side is determined
from an operation or computational part on the right side.

[0109] A beam profile indicative of a sound pressure dis-
tribution spread in an x-axis direction orthogonal to the depth
direction at the position of the focal depth FD is determined
by calculation with respect to the depth-direction sound pres-
sure distribution function Pm(Z). Relative sound pressure PR
in the x-axis direction with respect to the sound pressure PM
at the center position becomes a function of the x-axis direc-
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tion position X, aperture width AW, focal depth FD and
apodization information AP. Assuming that this function is g,
the relative sound pressure can be expressed as follows:

PR=g(X,FD,AW,4P)

PR is inversely proportional approximately to the aperture
width AW.

[0110] FIG. 13 is an explanatory diagram showing one
example of the beam profile. The horizontal axis indicates the
position from each sound ray in an x-axis direction indicating
a scan direction. The vertical axis indicates relative sound
pressure expressed in decibel. When the center position of the
ultrasonic beam x=0, the sound pressure distribution indi-
cates a peak and the sound pressure is reduced with the
movement of the ultrasonic beam to both sides in the x-axis
direction. Accordingly, the sound pressure P(X) at the posi-
tion X in the x-axis direction at the focal depth FD is
expressed as follows:

P(X)=PMxPR

[0111] Here, the sound pressure in proximity to the bound-
ary of the irradiation sectional region 91 is made approximate
to sound pressure at a position separated by a half 1./2 of the
region or region width L from the center position. Thus, the
sound pressure in proximity to the boundary of the irradiation
sectional region 91 set to the focal depth FD can be deter-
mined by P (L/2) with respect to the set aperture width AW
and drive voltage MV.

[0112] Referring back to FIG. 11 subsequently, the sound
pressure decision parameter determination device 69 deter-
mines whether the sound pressure P (1/2) in proximity to the
boundary of the irradiation sectional region 91 takes or
assumes destruction sound pressure PD of a contrast agent
(Step S114). When P (L/2)=PD is denied (NO at Step S114),
the sound pressure decision parameter determination device
69 changes atleast one of the aperture width AW and the drive
voltage MV (Step S115). If P (I/2)<PD, for example, then the
drive voltage MV is raised or the aperture width AW is
increased. If P (I/2)>PD, then the drive voltage MV is low-
ered or the aperture width AW is decreased. Ther, the ultra-
sonic beam control process proceeds to Step S114, where the
sound pressure in proximity to the boundary of the irradiation
sectional region 91 and the destruction sound pressure are
compared again.

[0113] When P (I/2) PD (YES at Step S114), the aperture
width AW and the drive voltage MV set the sound pressure to
the destruction sound pressure or more inside the irradiation
sectional region 91 and set the sound pressure to the destruc-
tion sound pressure or less outside the irradiation sectional
region 91. Therefore, the sound pressure decision parameter
determination device 69 sets the values as parameter values at
the transmission of the destruction ultrasonic beam corre-
sponding to the second ultrasonic beam, and the present pro-
cess is terminated.

[0114] Referring back to FIG. 6 subsequently, the operator
administers the contrast agent to the subject 8 (Step S605),
and the beam change device 70 of the transmission-reception
control device 43 is selected to start the imaging of the three-
dimensional imaging region 9 corresponding to the first
region (Step S606). When the acquisition of three-dimen-
sional tomographic image information using the ultrasonic
probe 10 is performed, the beam change device 70 transmits
the destruction ultrasonic beam corresponding to the second
ultrasonic beam at a sound ray number position where the
irradiation sectional region 91 exists, and does not perform
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transmission/reception for acquiring tomographic image
information. Thus, the beam change device 70 performs the
destruction of the contrast agent while performing the acqui-
sition of the three-dimensional tomographic image informa-
tion. Therefore, the display frame rate of the A section 81
displayed is not affected by the destruction of the contrast
agent. Incidentally, as the contrast agent to be administered,
one (Sonazoid®, which is a registered trademark of Amer-
sham Health AS Corporation, Oslo, Norway ) is used in which
if a contrast effect repeatedly appears with the repetitive
irradiation of the ultrasonic beam if the sound pressure is less
than the destruction sound pressure of the contrast agent.
[0115] Thereafter, the controller 108 displays the A section
81 on the display unit 106 (Step S607) and observes a change
in the second-dimensional tomographic image information
shown in FIG. 9(A). Here, the destruction ultrasonic beam is
sequentially applied to the irradiation sectional region 91
corresponding to the entrance of a blood flow to the vascular
channel 73. Thus, the contrast agent is prevented from flow-
ing into the tip of the vascular channel 73 at which the marker
region 101 exists. On the other hand, since the contrast agent
that flows into the vascular channels 72 and 74 is not
destroyed, the contrast agent is absorbed from the peripheral
blood vessels of the vascular channels 72 and 74 to tissues that
form the dominant regions or regions of the respective vas-
cular channels.

[0116] FIG. 14 is an explanatory diagram typically show-
ing this state of the A section 81. Dominant regions or regions
86 through 88 of the vascular channels 72 through 74 with
respect to the respective vascular channels are illustrated in
FIG. 14. Since the contract agent flows into the dominant
regions 86 and 88 and is absorbed into cells, the dominant
regions 86 and 88 form high brightness regions or regions
respectively. On the other hand, since the contrast agent does
not flow into the dominant region 87, the dominant region
forms a low brightness region or region. It is thus possible to
confirm the dominant region 87 of the vascular channel 73
experimentally.

[0117] Thereafter, the operator determines whether the
imaging should be continued while the dominant region 87 of
the vascular channel 73 is being observed (Step S608). When
it is desired to further store the contrast agent in the dominant
regions 86 and 88 of the vascular channels 72 and 74 and
recognize the dominant region 87 clearer, the operator con-
tinues imaging and continues the display of the A section 81
(YES at Step S608). When the observation of the dominant
region 87 is ended, the operator terminates the imaging (NO
at Step S608) and stops the acquisition of three-dimensional
tomographic image information (Step S609). Then, the
operator terminates the present process.

[0118] In the preset embodiment as described above, the
irradiation sectional region 91 is provided at the entrance
portion of the vascular channel 73, which branches off from
the arterial vessel 75, and the destruction ultrasonic beam of
high sound pressure for destroying the contrast agent is
applied to the contrast agent that passes through the irradia-
tion sectional region 91. Therefore, the contrast agent is
absorbed into the dominant regions 86 and 88 of the vascular
channels 72 and 74, whereas the contrast agent is prevented
from being absorbed into the dominant region 87 of the vas-
cular channel 73. Further, only the dominant region 87 is
projected onto the A section 81 as the low brightness region,
and the actual dominant region 87 of vascular channel 73 can
be visually recognized.
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[0119] Inthe present embodiment, the transmission-recep-
tion control device 43 has performed the transmission of the
destruction ultrasonic beam corresponding to the second
ultrasonic beam through the beam change device 70 in the
course of the acquisition of the three-dimensional tomo-
graphic image information. It is however also possible to
provide the imaging section fixing device 71 additionally,
stop the scan in the mechanical scan direction by the imaging
section fixing device 71 and repeat an electronic scan of the
same imaging section thereby to acquire an image of the A
section 81 at a high frame rate. Incidentally, since the repeti-
tion cycle or period in which the destruction ultrasonic beam
is applied to the high sound pressure irradiation region cor-
responding to the second region becomes earlier in this
method, the high sound pressure irradiation region can be
used when the blood flows at a high rate.

[0120] In the present embodiment, the irradiation region
generation device 62 has used, as the high sound pressure
irradiation region, the region of rectangular parallelepiped in
which the irradiation sectional region is expanded in the
thickness direction corresponding to the mechanical scan
direction. However, it is also possible to make coincidence
with the average pixel value of the irradiation sectional region
91 within the threshold value and to calculate an adjacent
thickness-direction three-dimensional same pixel value
region and set a region in which the width of the three-
dimensional same pixel value region in the thickness direc-
tion with the A section 81 as the center is within the restricted
distance, as a high sound pressure irradiation region.

[0121] In the present embodiment, the thickness direction
corresponding to the mechanical scan direction of the high
sound pressure irradiation region is set as the restricted dis-
tance at Step S803 of the high sound pressure irradiation
region setting process by the operator. When the restricted
distance is longer than the thickness of the destruction sound
pressure beam in the thickness direction, each sound ray
number in the electronic scan direction remains identical. In
this state, the destruction ultrasonic beam corresponding to
the second ultrasonic beam is applied to the subject 8 through
aplurality of frames different in thickness-direction position,
and the contrast agent is destroyed over the full range of the
high sound pressure irradiation region.

[0122] In the present embodiment, the three-dimensional
region setting device 41 corresponding to the region setting
device starts imaging at Step S606 of the main routine, and
thereafter the irradiation section region 91 remains fixed. It is
however also possible to take into consideration the change in
the position of the vascular channel 73 due to the body motion
of the subject 8 and provide the irradiation section resetting
device 65 for automatically correcting the position of the
irradiation sectional region 91.

[0123] FIG. 15 is a flowchart showing the operation of a
high sound pressure irradiation region resetting process
executed at the three-dimensional region setting device 41.
Incidentally, the high sound pressure irradiation region reset-
ting process is performed in the course of the acquisition of
the three-dimensional tomographic image information, i.e.,
between Step S607 and Step S608 of the main routine. The
marker position detection device 64 detects the positions of
the marker regions 101 through 103 set by the irradiation
section setting device 61 using the acquired two-dimensional
tomographic image information of the A section 81 (Step
S151). Upon this detection, the regions or regions designated
by the marker regions 101 through 103, and such a circular
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retrieval region as to include the regions and the moving
ranges of the marker regions 101 through 103 sufficiently are
set. For example, a circular retrieval region or region having a
radius equivalent to the length equal to about half the distance
between the marker regions 101 and 102 with the maker
region 101 at its setting as the center is set to the maker region
101.

[0124] FIG. 16(A) is a diagram showing one example of a
retrieval region 111 for the marker region 101. The retrieval
region 111 has a radius having a length equal approximately
to half the distance between the marker regions 101 and 103
with the position of the marker region 101 at its setting as the
center. The position of the marker region 101 is moved by
body motion. The marker position detection device 64 brings
the marker region 101 and the retrieval region 111 into binary
form and moves the marker region 101 within the retrieval
region 111 to perform pattern matching on a difference or the
like, thereby setting the position best in matching as the new
position of marker region 101. Processing similar to theabove
is performed even on the marker regions 102 and 103 to
determine new marker region positions.

[0125] Thereafter, the irradiation section resetting device
65 determines a new center position P' of the irradiation
sectional region 91, based on the new position information
about the marker regions 101 through 103 (Step S152). FIG.
16(B) is an explanatory diagram showing a method for deter-
mining the new center position P' of the irradiation sectional
region 91 by the irradiation section resetting device 65.
Assuming that the new positions of the marker regions 101
through 103 are A", B' and C', the irradiation section resetting
device 65 determines D' E' having a ratio equal to the ratio
between AD:DB and AE:EC, which has been determined
using the marker position detection device 64 at Step S805
shown in FIG. 8, with respect to A', B' and C'. The irradiation
section resetting device 65 sets a point where C'D' and B'E'
intersect, as a new center position P'.

[0126] Thereafter, the irradiation section resetting device
65 determines a sound ray number of each sound ray close to
the center position P' (Step S153) and moves the center posi-
tion of the irradiation sectional region 91 to P' (Step S154).
Then, the irradiation region generation device 62 generates a
high sound pressure irradiation region 92 corresponding to a
new second region or region using the moved irradiation
sectional region 91 (Step S155), and the present process is
terminated.

[0127] In the present embodiment, the destruction ultra-
sonic beam corresponding to the second ultrasonic beam
remains fixed after the imaging has been started at Step S606
of the main routine. It is however also possible to take into
consideration a change in the size of the vascular channel 73
dueto the movement of the irradiation sectional region 91 and
the body motion of the subject 8 and control the destruction
ultrasonic beam automatically. This control is done by per-
forming the control exactly similar to the ultrasonic beam
control process shown in FIG. 11, based on the movement of
the irradiation sectional region 91 and the change in the size
thereof.

[0128] Incidentally, the irradiation section resetting device
65 can bring the size of the irradiation sectional region 91 to
one suitable for the size of the vascular channel 73, based on
the changes in the positions of the marker regions 101 through
103. Upon execution of the high sound pressure irradiation
region setting process, the operator designates a line segment
extending along a vessel wall connecting between the marker
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regions, e.g., a line segment AC connecting between the
marker regions 101 and 102 in the example shown in FIG. 10
simultaneously with the setting of the maker regions 101
through 103. Considering that the line segment AC maintains
a state of extending approximately along the vessel wall, the
distance between the new center position P' and line segment
AC referred to above becomes a length equal to half of a
vessel diameter subsequently.

[0129] FIG. 17 is an explanatory diagram showing a
method for determining each new irradiation sectional region
94 different in size from center positions A', B' and C' of
newly detected marker regions 101 through 103 by the irra-
diation section resetting device 65. D' and E' at which A' DD
B'and A'E"E' C' reach a predetermined ratio are determined
using the center positions A', B' and C' of the marker regions
detected by the marker position detection device 64. A new
center position P' is determined from a point where a line
segment of C' D' and a line segment of B' E' intersect.
[0130] Considering that a line segment of A' C' remains
unchanged in a state of extending along the vessel wall here,
the distance P' F between the center position P' and the line
segment A' C' becomes approximately half of the vessel
diameter. Accordingly, the irradiation section resetting device
65 sets a rectangular region or region that passes through a
point symmetric with respect to a point F about the center
position P', as a new irradiation sectional region 94. Thus, the
irradiation section resetting device 65 can set an irradiation
sectional region or region having a size that approximately
covers the vascular channel 73 changed in size.

[0131] Although the ultrasonic probe for mechanically
scanning the piezoelectric transducer array 17 has been used
in the present embodiment, an ultrasonic probe in which
piezoelectric transducers are two-dimensionally arranged at
the surface brought into contact with the subject 8, may be
used. This ultrasonic probe is capable of acquiring all three-
dimensional tomographic image information through an
electronic scan at a high rate.

[0132] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood
that the present invention is not limited to the specific embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic imaging apparatus having comprising:

an ultrasonic probe configured to apply a first ultrasonic
beam to a first region of a three-dimensional region of a
subject with a contrast agent administered thereto and to
acquire three-dimensional tomographic image informa-
tion for the first region;

aregion setting device configured to set a second region for
applying a second ultrasonic beam whose sound pres-
sure is higher than that of the first ultrasonic beam fornot
destroying the contrast agent, in the three-dimensional
region; and

a controller configured to enable the second ultrasonic
beam to exceed sound pressure for destroying the con-
trast agent only in the second region and to control the
irradiation of the second ultrasonic beam by said ultra-
sonic probe in the course of acquisition of the three-
dimensional tomographic image information in the first
region by the first ultrasonic beam.

2. The ultrasonic imaging apparatus according to claim 1,

wherein the second region is a blood vessel that branches off
within a liver of the subject.
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3. The ultrasonic imaging apparatus according to claim 1,
wherein said region setting device is configured to set the
second region based on two-dimensional tomographic image
information constituting the three-dimensional tomographic
image information, said ultrasonic imaging apparatus further
comptrising:
a display unit configured to display an image based on the
two-dimensional tomographic image information; and

an irradiation section setting device configured to set an
irradiation sectional region for the second region to the
image.

4. The ultrasonic imaging apparatus according to claim 3,
wherein said irradiation section setting device is configured to
set marker regions for detecting the motion of the irradiation
sectional region to the image.

5. The ultrasonic imaging apparatus according to claim 4,
wherein said region setting device comprises a marker region
position detection device configured to detect a location
where each of the marker regions is positioned.

6. The ultrasonic imaging apparatus according to claim 5,
wherein said region setting device comprises an irradiation
section resetting device configured to reset the position of the
irradiation sectional region, based on information about the
positions of the marker regions detected by said marker
region position detection device.

7. The ultrasonic imaging apparatus according to claim 3,
wherein said region setting device comprises an irradiation
region generation device configured to expand the irradiation
sectional region in a thickness direction orthogonal to the
image and to thereby generate the second region.

8. The ultrasonic imaging apparatus according to claim 7,
wherein said irradiation region generation device comprises a
region limit device configured to limit a length of the second
region in the thickness direction to within a predetermined
restricted distance.

9. The ultrasonic imaging apparatus according to claim 8,
further comprising a restricted distance input key configured
to input the restricted distance.

10. The ultrasonic imaging apparatus according to claim 3,
wherein said controller comprises an irradiation sectional
region measuring device configured to measure a size of the
irradiation sectional region in an electronic scan direction
orthogonal to the direction of a depth that the image based on
the two-dimensional tomographic image information has.

11. The ultrasonic imaging apparatus according to claim 3,
wherein said controller comprises a sound pressure distribu-
tion calculation device configured to calculate a sound pres-
sure distribution of the second ultrasonic beam generated by
a sound ray closest to a center position of the irradiation
sectional region.

12. The ultrasonic imaging apparatus according to claim
11, wherein said sound pressure distribution calculation
device is configured to set a depth that the center position of
the irradiation sectional region to a focal depth on which the
second ultrasonic beam is focused.

13. The ultrasonic imaging apparatus according to claim 3,
wherein said controller comprises a sound pressure decision
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parameter determination device configured to change sound
pressure decision parameters used upon calculation of a
sound pressure distribution.

14. The ultrasonic imaging apparatus according to claim
13, wherein the sound pressure decision parameters include
an aperture width and a drive voltage used when the second
ultrasonic beam is transmitted.

15. The ultrasonic imaging apparatus according to claim
14, wherein the aperture width is set to an aperture width
wider than the aperture width at the time that the first trans-
mission is done.

16. The ultrasonic imaging apparatus according to claim 3,
wherein said controller comprises a beam change device con-
figured to stop the first ultrasonic beam which acquires the
two-dimensional tomographic image information at a posi-
tion of the sound ray closest to the center position of the
irradiation sectional region and to generate the second ultra-
sonic beam in place of the first ultrasonic beam, upon acqui-
sition of the three-dimensional tomographic image informa-
tion.

17. The ultrasonic imaging apparatus according to claim 1,
wherein said ultrasonic probe comprises a piezoelectric trans-
ducer array in which piezoelectric transducers are arranged
on a one-dimensional basis, and a mechanical scan unit con-
figured to mechanically move said piezoelectric transducer
array in a direction approximately orthogonal toa direction of
the arrangement thereof.

18. The ultrasonic imaging apparatus according to claim
17, wherein upon acquisition of the two-dimensional tomo-
graphic image information by an electronic scan done in the
direction of the arrangement of said piezoelectric transducer
array, said controller is configured to stop the mechanical
scan and to repeatedly perform only the electronic scan.

19. The ultrasonic imaging apparatus according to claim 1,
wherein comprises a two-dimensional piezoelectric trans-
ducer array in which piezoelectric transducers are two-di-
mensionally arranged at a surface brought into contact with
the subject.

20. An ultrasonic imaging method using an ultrasonic
probe, said method comprising:

applying a first ultrasonic beam to a first region of three-

dimensional region of a subject with a contrast agent
administered thereto:

acquiring three-dimensional tomographic image informa-

tion for the first region;

setting a second region for applying a second ultrasonic

beam whose sound pressure is higher than that of the first
ultrasonic beam for not destroying the contrast agent, in
the three-dimensional region;

applying the second ultrasonic beam to exceed sound pres-

sure for destroying the contrast agent only in the second
region; and

performing the irradiation of the second ultrasonic beam

by the ultrasonic probe in the course of acquisition ofthe
three-dimensional tomographic image information in
the first region by the first ultrasonic beam.

L
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