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ULTRASONIC IMAGING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2007-168475 filed Jun. 27, 2007,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The subject matter disclosed herein relates to an
ultrasonic imaging apparatus that makes a puncture while
capturing tomographic image data on a subject.

[0003] Inrecentyears, ultrasonic imaging apparatuses have
been used to carry out a biopsy while monitoring a puncture
needle introduced into a subject. By doing so, a puncture is
properly made in the target affected site of the subject to take
asample of the subject properly. Here, the puncture needle is
introduced along a puncture guide held by an ultransonic
probe. Consequently the introduction path of the puncture
needle runs along the sectional plane of the ultransonic probe
and the puncture needle introduced from a prescribed point
and a prescribed direction in the sectional plane is observed
using an ultransoic imaging apparatus (for example, see Japa-
nese Patent Application No. 2003-334191).

[0004] Regarding ultrasonic probes of ultrasonic imaging
apparatuses, those which capture 2D tomographic image data
on a given sectional plane and at the same time those which
capture 3D tomographic image data on a 3D imaging region
have been increasingly used. Among ultrasonic probes that
capture 3D tomographic image data are those that have a 2D
array arrangement of piezoelectric elements on a plane of
contact with a subject and those that have a one-dimensional
array arrangement of piezoelectric elements for mechanical
scanning.

[0005] Even when these ultrasonic probes are used, biopsy
using a puncture needle as mentioned above is carried out
similarly and the puncture needle is introduced using a punc-
ture guide along an electronic scan direction in which piezo-
electric elements are arranged in an array pattern.

[0006] However, according to the above background art,
the introduction path of the puncture needle may not fall
within a sectional plane and may be hard to observe. In other
words, the introduction path of the puncture needle may not
be an expected introduction path as defined by the puncture
guide because of the following reasons: the outer diameter of
the puncture needle is small (1 mm or so), the inside of a
subject is resilient and includes tissues with different
strengths, and the puncture guide has some irregularity.

[0007] Also, in an ultrasonic probe with a 3D imaging
range, a sectional plane is displayed as a result of extracting
tomographic image data on a sectional plane including an
expected introduction path from captured 3D tomographic
image data. By moving this sectional plane successively, a
sectional plane including the introduction path of the punc-
ture needle can be obtained; however, it is troublesome and
inefficient for the operator who is introducing the needle.
[0008] For the above reasons, it is important to realize an
ultrasonic imaging apparatus that efficiently finds a sectional
plane including the introduction path of the puncture needle
and properly makes an image of the sectional plane including
the introduction path.
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BRIEF DESCRIPTION OF THE INVENTION

[0009] It is desirable that the problems described previ-
ously are solved.

[0010] An ultrasonic imaging apparatus according to a first
aspect of the invention includes an ultrasonic probe which
captures 3D tomographic image data on a subject, a puncture
guide which is held by the ultrasonic probe, a puncture needle
which is attached to the puncture guide and introduced into a
3D region of a subject on which the 3D tomographic image
data is captured, an image memory which stores the 3D
tomographic image data, and an image processor which
forms, according to the 3D tomographic image data, image
data on an introduction sectional plane including an expected
introduction path along which the introduction is expected to
be made, wherein the image processor comprises a monitor
area setting device which sets, in a 3D memory area of the
image memory corresponding to the 3D region, a monitor
memory area which corresponds to a planar monitor area in
the 3D region which the expected introduction path pen-
etrates in the vicinity of the center, a penetration point detect-
ing device which detects a point of penetration of the monitor
area by the puncture needle according to tomographic image
data in the monitor memory area when the puncture needle
penetrates the monitor area, and a sectional plane position
correcting device which corrects the position of the introduc-
tion sectional plane so as to include the penetration point.
[0011] According to the first aspect of the invention, in the
image processor, the monitor area setting device sets, ina 3D
memory area of the image memory corresponding to the 3D
region, a monitor memory area which corresponds to a planar
monitor area in the 3D region which the expected introduc-
tion path penetrates in the vicinity of the center, the penetra-
tion point detecting device detects a point of penetration of
the monitor area by the puncture needle according to tomo-
graphic image data in the monitor memory area when the
puncture needle penetrates the monitor area, and the sectional
plane position correcting device corrects the position of the
introduction sectional plane so as to include the penetration
point.

[0012] The ultrasonic imaging apparatus according to a
second aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the first aspect, the
ultrasonic probe includes a probe array in which piezoelectric
elements are one-dimensionally arranged in an arc or linear
pattern, and a mechanical scan device which mechanically
scans the probe array repeatedly in a mechanical scan direc-
tion orthogonal to the direction of the one-dimensional
arrangement.

[0013] According to the second aspect of the invention, the
ultrasonic probe captures 3D tomographic image data by a
mechanical scan.

[0014] The ultrasonic imaging apparatus according to a
third aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the second aspect,
the puncture guide introduces the puncture needle into a
sectional plane including the direction of the arrangement,
which is located in the center of the scan area to be mechani-
cally scanned.

[0015] According to the third aspect of the invention, the
puncture probe is introduced into the center of the plane of
contact with the subject.

[0016] The ultrasonic imaging apparatus according to a
fourth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the third aspect,



US 2009/0005687 A1l

the image processor identifies the sectional plane including
the arrangement direction located in the center of the scan
area to be mechanically scanned, as the introduction sectional
plane.

[0017] According to the fourth aspect of the invention, the
image processor forms tomographic image data on the sec-
tional plane into which the puncture needle is introduced.
[0018] The ultrasonic imaging apparatus according to a
fifth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the first aspect, the
ultrasonic probe includes a 2D probe array in which piezo-
electric elements are two-dimensionally arranged in a planar
pattern.

[0019] According to the fifth aspect of the invention, 3D
tomographic image data is captured by an electronic scan.
[0020] The ultrasonic imaging apparatus according to a
sixth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to any of the first to
fifth aspects, the image processor includes orthogonal 3-sec-
tional plane formation device to form tomographic image
data on three orthogonal sectional planes, including the intro-
duction sectional plane as one sectional plane, which are
orthogonal to each other in the 3D region.

[0021] The ultrasonic imaging apparatus according to a
seventh aspect of the invention is characterized in that the
ultrasonic imaging apparatus according to the sixth aspect
further includes a display section which displays tomo-
graphic image data on the three orthogonal sectional planes.
[0022] According to the seventh aspect of the invention, the
condition of the 3D region can be easily grasped from images
of the three orthogonal sectional planes.

[0023] The ultrasonic imaging apparatus according to an
eighth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the seventh aspect,
the monitor area setting device extracts tomographic image
data in the monitor memory area from the image memory and
displays tomographic images of the tomographic image data
on the display section.

[0024] According to the eighth aspect of the invention, an
image of the monitor area can be observed.

[0025] The ultrasonic imaging apparatus according to a
ninth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the eighth aspect,
the penetration point detecting device includes a cursor posi-
tion detecting device which detects a cursor for specifying a
point in the displayed tomographic image and the position of
the cursor in the tomographic image and identifies it as the
penetration point.

[0026] According to the ninth aspect of the invention, the
penetration point ofthe puncture needle which has penetrated
the monitor area is manually detected by an operator.

[0027] The ultrasonic imaging apparatus according to a
tenth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to any of the first to
eighth aspects, the penetration point detecting device
includes an automatic detecting device which extracts tomo-
graphic image data in the monitor memory area from the 3D
tomographic image data and automatically detects the pen-
etration point of the puncture needle as included in a tomo-
graphic image of the tomographic image data.

[0028] According to the tenth aspect of the invention, the
penetration point ofthe puncture needle which has penetrated
the monitor area is automatically detected without bothering
an operator.
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[0029] The ultrasonic imaging apparatus according to an
eleventh aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the tenth aspect,
the automatic detecting device automatically detects the pixel
position of a high-brightness spot beyond a threshold in the
tomographic image, as the penetration point.

[0030] According to the eleventh aspect of the invention,
the position of the cutting edge of the puncture needle which
forms a high-brightness spot is detected as the penetration
point.

[0031] The ultrasonic imaging apparatus according to a
twelfth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the tenth or elev-
enth aspect, when the plurality of 3D tomographic image data
captured temporally successively are stored in the image
memory, the automatic detecting device extracts a plurality of
temporally successive tomographic image data in the monitor
memory area, and automatically detects the penetration point
from tomographic images of the plural tomographic image
data.

[0032] According to the twelfth aspect of the invention, the
cutting edge of the puncture needle penetrating the monitor
area is properly detected.

[0033] The ultrasonic imaging apparatus according to a
thirteen aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the tenth aspect,
when the plurality of 3D tomographic image data captured
temporally successively are stored in the image memory, the
automatic detecting device extracts a plurality of temporally
successive 2D tomographic image data in the monitor
memory area, differentiates between two 2D tomographic
images captured at different times in 2D tomographic images
of the plural 2D tomographic image data, and automatically
detects the pixel position of a spot beyond a threshold as
included in the difference tomographic image obtained by the
differentiation, as the penetration point.

[0034] According to the thirteenth aspect of the invention,
the penetration point is detected according to brightness
change that occurs when the puncture needle penetrates the
monitor area.

[0035] The ultrasonic imaging apparatus according to a
fourteenth aspect of the invention is characterized in that in
the ultrasonic imaging apparatus according to any of the first
to thirteenth aspects, the monitor area setting device includes
a first monitor memory area in the image memory corre-
sponding to a first monitor area located in the 3D region’s
periphery where the puncture needle begins to be introduced
into the 3D region.

[0036] According to the fourteenth aspect of the invention,
the monitor area is set in a position where the puncture needle
begins to be introduced so that the introduction path is iden-
tified early.

[0037] The ultrasonic imaging apparatus according to a
fifteenth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the fourteenth
aspect, the monitor area setting device includes a second
monitor memory area in the image memory corresponding to
a second monitor area located within the 3D region.

[0038] According to the fifteenth aspect of the invention,
the position of the puncture needle is identified in the 3D
region before the puncture needle reaches the affected site.
[0039] The ultrasonic imaging apparatus according to a
sixteenth aspect of the invention is characterized in that in the
ultrasonic imaging apparatus according to the fifteenth
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aspect, according to the tomographic image data in the first
monitor memory area and the second monitor memory area,
the penetration point detecting device detect a first penetra-
tion point and a second penetration point where the puncture
needle penetrates the first monitor area and the second moni-
tor area respectively.

[0040] According to the sixteenth aspect of the invention,
the introduction path of the puncture needle is properly iden-
tified by two points, the first penetration point and the second
penetration point.

[0041] The ultrasonic imaging apparatus according to a
seventeenth aspect of the invention is characterized in that in
the ultrasonic imaging apparatus according to the sixteenth
aspect, the sectional plane position correcting device corrects
the position of the introduction sectional plane so as to
include the first penetration point and the second penetration
point.

[0042] According to the seventeenth aspect of the inven-
tion, the introduction sectional plane surely includes the
introduction path.

[0043] According to the invention, it is easy to make the
introduction sectional plane include the introduction path of
the puncture needle and consequently the introduction path
can be observed properly and a sample of the subject can be
taken properly in biopsy.

[0044] 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

[0045] FIG.11isablock diagram showing the general struc-
ture of an ultrasonic imaging apparatus.

[0046] FIG. 2 is an explanatory view showing the shape of
the cutting edge of a puncture needle according to the first
embodiment.

[0047] FIG. 3 is a sectional view showing the mechanical
structure of an ultrasonic probe according to the first embodi-
ment.

[0048] FIG. 4 is an explanatory view showing electronic
scan and mechanical scan by the ultrasonic probe according
to the first embodiment.

[0049] FIG. 5 is a functional block diagram showing the
functional structure of the control section of the ultrasonic
imaging apparatus according to the first embodiment.
[0050] FIG. 6 is an explanatory view showing three
orthogonal sectional planes in a 3D region that are imaged by
the ultrasonic probe.

[0051] FIG. 7 is an explanatory view showing image data
on three orthogonal sectional planes displayed on a display
section.

[0052] FIG. 8 is an explanatory view showing a monitor
area in the 3D region according to the first embodiment.
[0053] FIG.91is a flowchart showing operation of the con-
trol section according to the first embodiment.

[0054] FIG.10 is an explanatory view showing an example
of a high-brightness spot displayed in a monitor image.
[0055] FIG. 11 is an explanatory view showing correction
of the position of a sectional plane A according to the first
embodiment.
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[0056] FIG. 12 is an explanatory view showing a first moni-
tor area and a second monitor area according to the second
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0057] Next, the best mode for carrying out the invention as
an ultrasonic imaging apparatus will be described referring to
the accompanying drawings. It does not limit the invention.

[0058] First, the general structure of an ultrasonic imaging
apparatus 100 according to the first embodiment will be
described. FIG. 1 is a block diagram showing the general
structure of the ultrasonic imaging apparatus 100 according
to the first embodiment. The ultrasonic imaging apparatus
100 includes an ultrasonic probe 10, a puncture guide 11, a
puncture needle 12, an image capturing section 102, an image
memory 104, an image display control section 105, a display
section 106, an input section 107 and a control section 108.

[0059] The ultrasonic probe 10 is a part which transmits or
receives ultrasonic waves, namely radiates ultrasonic waves
in a specific direction of a sectional plane of a subject 2 and
receives ultrasonic echoes reflected each time from the inside
of the subject 2 as temporally successive sound rays. On the
other hand, the ultrasonic probe 10 performs an electronic
scan or mechanical scan while changing the direction of
ultrasonic radiation successively. As will be detailed later, the
ultrasonic probe 10, which includes a probe array as piezo-
electric elements arranged in an array pattern in the electronic
scan direction, and a mechanical scanning means for
mechanically scanning the probe array orthogonally to this
arrangement, captures 3D tomographic image information.

[0060] The puncture guide 11, attached to the gripper of the
ultrasonic probe 10, introduces the attached puncture needle
12 into a given sectional plane of the subject 2.

[0061] The puncture needle 12 is an injection needle of
stainless steel or the like and the outer diameter varies from
approximately 0.3 millimeters (mm) to approximately 4.0
mm depending on the application purpose. In a biopsy that
takes a sample from the inside of the subject 2, a biopsy
needle is placed inside the puncture needle 12 and a sample is
taken using this biopsy needle. Generally the cutting edge of
the puncture needle 12 has an acute-angled cut surface 13 as
shown in FIG. 2. The cut surface 13 of the cutting edge
provides a higher reflected ultrasonic echo intensity than the
cylindrical body 14 of the puncture needle 12 and thus it is
observed as a high-brightness spot in a tomographic image.
On the other hand, the body of the puncture needle 12 pro-
vides a lower reflected ultrasonic echo intensity than tissues
of the subject 2 and thus it is a low-brightness area which is
hard to observe.

[0062] Again referring to FIG. 1, the image capturing sec-
tion 102 includes a transducer, a B mode processor, and a
Doppler processor. The transducer, which is connected with
the ultrasonic probe 10 by a coaxial cable, generates an elec-
trical signal to activate the piezoelectric elements of the ultra-
sonic probe 10. The transducer also carries out first-stage
amplification of reflected ultrasonic echoes that it has
received.

[0063] The B mode processor performs processing to gen-
erate in real time a B mode image from a reflected ultrasonic
echo signal amplified by the transducer in real and the Dop-
pler processor extracts phase change information from the
reflected ultrasonic echo signal amplified by the transducer
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and calculates, in real time, blood flow data such as average
velocity as average frequency in frequency shift, power and
variance.

[0064] The image memory 104 is a large capacity memory
which stores the B mode image data captured by the image
capturing section 102, Doppler image data including blood
flow data and similar data. The image memory 104 is, for
example, a hard disk or the like.

[0065] The image display control section 105 performs
display frame rate conversion for the B mode image data
generated by the B mode processor and the blood flow data
generated by the Doppler processor and controls the image
display form or position.

[0066] The display section 106 includes a CRT (Cathode
Ray Tube) or LCD (Liquid Crystal Display) and displays a B
mode image or Doppler image or the like.

[0067] The input section 107 includes a keyboard and a
mouse or the like and an operator enters an operation input
signal through it. At the input section 107, an entry operation
is made to select a B mode display or Doppler processing
display, an entry operation with a cursor or the like is made to
perform image processing of the displayed image data or an
entry operation is made to specify the Doppler imaging area
for Doppler processing. Furthermore, information for
mechanically scanning the probe array of the ultrasonic probe
10 such as scan mode, mechanical scan speed, maximum
oscillation angle and scan start is sent from the input section
107 to the control section 108.

[0068] The control section 108 includes an image capture
controller which controls operation of components of the
ultrasonic imaging apparatus including the ultrasonic probe
according to the operation input signal entered through the
input section 107 and the stored program or data, and an
image processor which performs image processing using 3D
tomographic image data stored in the image memory 104.
The image capture controller controls the position of the
probe array inside the ultrasonic probe 10 according to infor-
mation on the ultrasonic probe 10 sent from the input section
107 such as scan mode, mechanical scan speed, maximum
oscillation angle and scan start. The image processor will be
described in detail later.

[0069] FIG.3is a probe sectional view showing the internal
structure of the ultrasonic probe 10. The ultrasonic probe 10
includes a cover 51, a gripper 52, a probe array 17, a coupling
fluid 47, and a drive gear 21, a drive shaft 24, a stepping motor
28, a belt 33 and a rotation controller 25 which constitute a
mechanical scanning means. Here the cover 51 and gripper 52
constitute a case which houses the probe array 17, coupling
fluid 47, and the drive gear 21, stepping motor 28, belt 33 and
rotation controller 25 which constitute the mechanical scan-
ning means. The X, y and 7 coordinate axes shown in the figure
are common to all the drawings and suggest positional rela-
tions among the drawings.

[0070] The cover 51, made of translucent film, has the
shape of an arc along the trajectory of the probe array 17 to be
mechanically scanned in an arc pattern. The material of the
cover 51 is an acoustic impedance material that transmits
ultrasonic waves generated by the probe array 17 and
reflected ultrasonic echoes from the subject 2 with low loss.
[0071] The gripper 52 is made of moldable plastic or simi-
lar material and has a shape that allows the operator to hold
the ultrasonic probe 10 easily and firmly. The puncture guide
11 can be attached to, or detached from, the gripper 52.
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[0072] The probe array 17 has a convex linear scan type
probe. This linear scan type probe has a plurality of piezo-
electric elements arranged in an array pattern in the electronic
scan direction orthogonal to the mechanical scan direction
and performs an electronic scan along this arrangement.
[0073] The probe array 17 performs a mechanical scan in
the mechanical scan direction by the mechanical scanning
means. The mechanical scanning means has the drive shaft
24, an oscillating means for a turn toward the electronic scan
direction and as the drive shaft 24 rotates, the probe array 17’s
probe surface in contact with the cover 51 oscillates along an
arc trajectory in the mechanical scan direction. The inside of
the cover 51 in which the probe array 17 lies is filled with
coupling fluid 47 where there is least loss in acoustic coupling
between the probe array 17 and the cover 51.

[0074] The drive shaft 24 is mechanically connected with
the stepping motor 28 through the drive gear 21 and belt 33.
The stepping motor 28 rotates a given angle with high accu-
racy as intended upon input of control pulses from the rotation
controller 25. This rotation rotates the mechanically con-
nected drive shaft 24 and probe array 17 in the mechanical
scan direction.

[0075] The rotation controller 25 has a pulse generator that
generates pulses to drive the stepping motor 28 and a pulse
controller which controls the pulses. The rotation controller
25 controls the rotation angle for the stepping motor 28 and
probe array 17 according to control information from the
image capturing section 10 to oscillate the probe array 17
around the drive shaft 24 as the center of rotation.

[0076] For example, when no scan is made, the rotation
controller 25 lets the probe array 17 stay at the home position
where it is oriented in the z-axis direction fully facing the
subject. Then, according to the probe array 17’s maxinmum
oscillation angle measured from its frontal position opposite
to the subject and the probe array 17’s scan speed in the
mechanical scan direction which have been entered through
the input section 107 by an operator, the rotation controller 25
starts scanning from the home position in a given mechanical
scan direction. After that, upon receipt of an instruction to
stop scanning from the input section 107, the rotation con-
troller 25 returns the probe array 17 to the home position and
stops scanning.

[0077] FIG. 41is an explanatory view which shows scans in
the electronic scan direction and the mechanical scan direc-
tion orthogonal to the electronic scan direction which are
performed using the ultrasonic probe 10, and also schemati-
cally shows a 3D region 8 inside the subject 2 which is
captured during scanning. The ultrasonic probe 10 performs
an electronic scan in the electronic scan direction in which the
piezoelectric elements of the probe array 17 are arrayed, and
captures tomographic image data. Then, the ultrasonic probe
10 moves the probe array 17 toward the mechanical scan
direction orthogonal to the electronic scan direction and again
performs an electronic scan there to capture tomographic
image data and repeats this sequence.

[0078] The puncture needle 12 is attached to the puncture
guide 11 fixed on the gripper 52. The puncture guide 11 is
designed to introduce the puncture needle 12 into a sectional
plane along the electronic scan direction, at the home posi-
tion, which is in the center of the mechanical scan direction.
[0079] FIG. 5 is a functional block diagram showing the
functional structure of the control section 108. The control
section 108 includes an image capture controller 61 and an
image processor 62 and further the image processor 62
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includes an orthogonal 3-sectional plane formation means 71,
amonitor area setting means 72, a penetration point detecting
means 73 and a sectional plane position correcting means 74.
[0080] Theimage capture controller 61 stores the 3D tomo-
graphic image data captured in the 3D region 8 as shown in
FIG. 4, in a 3D memory area of the image memory 104. The
3D memory area is a virtual address space that corresponds to
the 3D region 8 where the captured tomographic image data
in different spots of the 3D region 8 are stored at correspond-
ing addresses.

[0081] The orthogonal 3-sectional plane formation means
71 forms 2D tomographic image data on three orthogonal
sectional planes that are orthogonal to each other in the 3D
region 8. FIG. 6 is an explanatory view schematically show-
ing three orthogonal sectional planes set in the 3D region 8.
The three orthogonal sectional planes are sectional plane A
81, sectional plane B 82, and sectional plane C 83.

[0082] The sectional plane A 81 is parallel to the x-z axis
plane and represents a sectional plane in the electronic scan
direction at the home position. In default configuration, the
sectional plane A 81 is the introduction sectional plane of into
which the puncture needle 12 is introduced by the puncture
guide 11. The sectional plane B 82 is parallel to the y-z axis
plane and represents a sectional plane in the mechanical scan
direction. The sectional plane C 83 is parallel to the x-y axis
plane and is an opposite sectional plane facing the plane of
contact of the ultrasonic probe 10 with the subject 2. The
position of the sectional plane A 81 in the mechanical scan
direction, the position of the sectional plane B 82 in the
electronic scan direction and the depth position of the sec-
tional plane C 83 from the plane of contact of the ultrasonic
probe 10 with the subject 2 can be changed by an instruction
from the input section 107.

[0083] The orthogonal 3-sectional plane formation means
71 extracts tomographic image data from 3D memory areas of
the image memory 104 which correspond 1o the sectional
plane A 81, sectional plane B 82 and sectional plane C 83 of
the 3D region 8 and displays it on the display section 106. If
there is no image data in the 3D memory areas directly cor-
responding to the sectional plane A 81, sectional plane B 82
and sectional plane C 84, the orthogonal 3-sectional plane
formation means 71 generates image data by interpolation,
etc and displays it.

[0084] FIG. 7 shows an example of tomographic images of
the sectional plane A 81, sectional plane B 82 and sectional
plane C 83 that are shown on the display section 106. The
sectional plane A 81 is in a left upper part of the screen, the
sectional plane B 82 is in a right upper part of it, and the
sectional plane C 83 is in a left lower part of it. For these
tomographic images, the frame rate at which the images are
rewritten is lower than that for a single 2D B mode image but
the image data is updated almost in real time. The monitor
image 84 shown in a right lower part of the screen in FIG. 7
will be described later.

[0085] The monitor area setting means 72 sets a monitor
memory area in the 3D memory area of the image memory
104 corresponding to the 3D region 8. FIG. 8 is an explana-
tory view showing the monitor area 16 of the 3D region 8 of
the subject 2 corresponding to the monitor memory area of the
image memory 104.

[0086] FIG.8shows the3Dregion 8 and the sectional plane
A 81, one of the three orthogonal sectional planes. An
expected introduction path 18 of the puncture needle 12 along
the sectional plane A 81 is indicated in the sectional plane A
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81. The expected introduction path 18 is predetermined by the
monitor area setting means 72 depending on the shape and
mechanical positional relation of the puncture guide 11
attached to the ultrasonic probe 10.

[0087] The monitor area setting means 72 sets a monitor
area 16 at a spot where the expected introduction path 18
enters the 3D region 8. The monitor area 16 is a rectangular
planar area and the center of this planar area is supposed to be
a point where the expected introduction path penetrates. This
planar area is supposed to be a plane so angled as to be almost
orthogonal to the expected introduction path 18; however, the
planar area need not necessarily be so angled as to be orthogo-
nal as far as its size is enough to ensure that the actually
introduced puncture needle 12 penetrates this planar area.
Concretely the monitor area setting means 72 also sets a
monitor meniory area corresponding to the monitor area 16,
in the 3D memory area of the image memory 104.

[0088] The monitor area setting means 72 sends 2D tomo-
graphic image data on the monitor area 16 to the image
display control section 105 and displays it on the display
section 106. In this display, the 2D tomographic image data is
displayed as a monitor image 84 in a right lower part of the
display screen as on the display section 106 shown in FIG. 7.
[0089] Whenaninstruction to specify a point in the monitor
image 84 is given by a means such as a cursor from the input
section 107, the penetration point detecting means 73 obtains
data on the position in the 3D region 8 for the specified point
in the image. The point specified here is a penetration point at
which the puncture needle 12 penetrates the monitor area 16
as will be described later.

[0090] The sectional plane position correcting means 74
makes the position of the sectional plane A 81 in the mechani-
cal scan direction coincide with the penetration point of the
puncture needle 12 according to positional data on the pen-
etration point of the puncture needle 12 as obtained by the
penetration point detecting means 73.

[0091] Next, how the image processor 62 operates con-
cretely will be outlined. FIG. 9 is a flowchart showing opera-
tion of the image processor 62. First, the operator attaches the
puncture guide 11 to the ultrasonic probe 10 and attaches the
puncture needle 12 to the puncture guide 11 (Step S901).
Then, the operator enters data such as the ultrasonic probe
10’s scan mode and the probe array 17’s maximum oscillation
angle and speed and starts operation of the ultrasonic probe 10
so that three orthogonal sectional planes as shown in FIG. 7
are displayed using the captured 3D tomographic image data
(Step S902).

[0092] Then, the operator puts the cover 61 of the ultrasonic
probe 10 on the subject 2 and starts introduction of the punc-
ture needle 12 (Step S903). The operator introduces the
needle referring to the three orthogonal sectional plane
images displayed on the display section 106; first the operator
refers to the monitor image 84 and decides whether the punc-
ture needle 12 has penetrated the monitor area 16 (Step S904).
[0093] Since the puncture needle 12 is a needle with an
outside diameter of approximately 1.0 mm, its image appeat-
ing in the monitor area 16 almost orthogonal to the introduc-
tion direction should be small. However, the cutting edge of
the puncture needle 12 is structured as shown in FIG. 2 and
the reflected ultrasonic echo from the cutting edge has a
higher intensity than that from the tissue and thus when the
cutting edge of the puncture needle 12 penetrates the monitor
area 16, it is represented as a high-brightness spot in the
monitor image 84. The operator can confirm the puncture
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needle 12’s penetration and its penetration point by the pres-
ence of the high brightness spot in the monitor image 84.
[0094] If there is no high-brightness spot in the monitor
image 84, the operator determines that the puncture needle 12
has not penetrated the monitor area 16 (“No” at Step S904)
and continues watching the monitor image 84. If there is a
high-brightness spot in the monitor image 84, the operator
determines that the puncture needle 12 has penetrated the
monitor area 16 (“Yes™ at Step S904) and specifies the high-
brightness spot as the penetration point of the puncture needle
12 using a cursor or the like at the input section 107 (Step
S905).

[0095] Then, the operator corrects the position of the sec-
tional plane A 81 as the introduction sectional plane in the
mechanical scan direction according to the penetration point
data indicating the specified penetration point of the puncture
needle 12 (Step S906) so that the sectional plane A 81
includes the high-brightness spot, namely the penetration
point of the puncture needle 12. Here, the penetration point
detecting means 73 identifies the specified high-brightness
spot as the penetration point.

[0096] FIG. 10 shows an example of the monitor image 84
in which a high-brightness spot 91 is seen. FIG. 11 is an
explanatory view showing a correction of the position of the
sectional plane A 81. The monitor image 84 includes the
high-brightness spot 91 and the operator moves the cursor 92,
an X mark, to the high-brightness spot 91 and specifies the
point at the input section 107. For example, the penetration
point detecting means 73 calculates moved distance Ay from
the home position 98 in the center of the monitor image 84 as
indicated by broken line in the y-axis direction. Then, the
sectional plane position correcting means 74 moves the sec-
tional plane A 81 at the home position 98 by Ay in the y-axis
direction and displays a new sectional plane A 93 on the
display section 106 as the introduction sectional plane.
[0097] Then, the operator continues introduction work
while watching the three orthogonal sectional planes on the
display section 106 and decides whether the puncture needle
12 has reached the affected site (Step S907), and if it has not
reached the affected site (“No” at Step S907), the operator
continues introduction work or if it has reached the affected
site (“Yes” at Step S907) and takes a sample (Step S908) and
ends the process.

[0098] As mentioned above, in the first embodiment, the
monitor area 16 is set for the expected introduction path 18 of
the puncture needle 12 and the penetration point of the punc-
ture needle 12 which has penetrated the monitor area 16 is
detected and according to this penetration point data, the
position of the sectional plane A 81 in the mechanical scan
direction is corrected; therefore, the actual introduction path
of the puncture needle 12 is properly represented in the sec-
tional plane A as the introduction sectional plane.

[0099] Also, although in the first embodiment the penetra-
tion point detecting means 73 detects the position of the
high-brightness spot 91 by a manual procedure based on an
instruction given by the operator at the input section 107, the
intensity of reflected ultrasonic echo from the cutting edge of
the puncture needle 12 is high enough and thus it is also
possible to provide an automatic detecting means to detect the
penetration point of the puncture needle 12 automatically by
specifying a threshold and detecting the position of a pixel in
the monitor image 84 which has a brightness value beyond the
threshold. Furthermore, the automatic detecting means can
find the high-brightness pixel position where the puncture

Jan. 1, 2009

needle surely penetrates, using a plurality of temporally suc-
cessive monitor images 84 including the time when the cut-
ting edge of the puncture needle 12 penetrates the monitor
area 16 in the process of introduction. The sectional plane
position correcting means 74 can automatically correct the
position of the sectional plane A according to automatically
detected penetration point data.

[0100] Furthermore, the penetration point detecting means
73, as an automatic detecting means, can also use a plurality
of temporally successive monitor images 84 to detect the
point of penetration of the monitor area 16 by the puncture
needle according to brightness change, based on differences
among these monitor images 84 captured at different times. In
this case, the position of the pixel where brightness change
occurs is identified as the penetration point of the puncture
needle.

[0101] Also, although in the first embodiment the ultra-
sonic probe 10 mechanically scans the probe array 17, a 2D
probe array that has piezoelectric elements two-dimension-
ally arranged in an array pattern may be used instead. In this
case, 3D tomographic image data can be captured only by an
electronic scan.

[0102] Although in the first embodiment the monitor area
setting means 72 sets a monitor area 16 along the expected
introduction path 18 to monitor the introduction path of the
puncture needle 12, it is also possible to set two or more
monitor areas along the expected introduction path to monitor
the actual introduction path of the puncture needle 12 more
accurately and correct the sectional plane position of the
sectional plane A properly.

[0103] The structure of an ultrasonic imaging apparatus
according to the second embodiment is exactly the same as
that of the ultrasonic imaging apparatus 100 as shown in
FIGS. 1 to 5 and detailed description of the structure is omit-
ted.

[0104] FIG. 12 is an explanatory view of the second
embodiment which corresponds to FIG. 8, showing an
example that two monitor areas, a first monitor area 96 and a
second monitor area 97, are set along the expected introduc-
tion path 18 in the 3D region 8. Like the monitor area 16, the
first monitor area 96 is located in the periphery where the
puncture needle 12 begins to be introduced into the 3D region
8 and the second monitor area 97 is located in the center of the
3D region 8.

[0105] The monitor area setting means 72 sets a first moni-
tor memory area for the first monitor area 96 and a second
memory area for the second monitor area 97 in the 3D
memory area of the image memory 104.

[0106] Using 2D tomographic image data in the first moni-
tor memory area and second monitor memory area, the pen-
etration point detecting means 73 detects the penetration
points where the puncture needle 12 penetrates the first moni-
tor area 96 and the second monitor area 97, exactly in the
same way as for the monitor area 16.

[0107] The sectional plane position correcting means 74
corrects the sectional plane position of the sectional plane A
81 as the introduction sectional plane according to the data on
the two penetration points. This sectional plane is not always
orthogonal to the sectional plane B 82 and the sectional plane
C 83 and therefore image data on this sectional plane is
formed from 3D tomographic image data by interpolation or
the like as appropriate so as to include the detected two
penetration points of the puncture needle 12.
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[0108] 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 comprising:

an ultrasonic probe configured to capture 3D tomographic
image data of a subject;

a puncture guide sized to be held by said ultrasonic probe;

a puncture needle coupled to said puncture guide and con-
figured to be introduced into a 3D region of the subject;

an image memory configured to store the 3D tomographic
image data; and

an image processor configured to form, according to the 3D
tomographic image data, image data on an introduction
sectional plane including an expected introduction path
along which the introduction of said puncture needle
into the 3D region is expected to be made, wherein, said
image processor comprises:

a monitor area setting device configured to set, in a 3D
memory area of the image memory corresponding to the
3D region, a monitor memory area which corresponds to
a planar monitor area in the 3D region which the
expected introduction path penetrates in the vicinity of
the center;

a penetration point detecting device configured to detect a
point of penetration of the monitor area by said puncture
needle according to tomographic image data in the
monitor memory area when said puncture needle pen-
etrates the monitor area; and

a sectional plane position correcting device configured to
correct the position of the introduction sectional plane to
include the penetration point.

2. The ultrasonic imaging apparatus of claim 1, wherein

said ultrasonic probe comprises:

a probe array comprising a plurality of piezoelectric ele-
ments that are one-dimensionally arranged in one of an
arc pattern a linear pattern; and

amechanical scan device configured to mechanically scan
said probe array repeatedly in a mechanical scan direc-
tion orthogonal to a direction of the one-dimensional
arrangement of said probe array.

3. The ultrasonic imaging apparatus of claim 2, wherein
said puncture guide is configured to introduce said puncture
needle into a sectional plane including the direction of the
arrangement of said probe array, wherein the sectional plane
is located in the center of a scan area to be mechanically
scanned.

4. The ultrasonic imaging apparatus of claim 3, wherein
said image processor is configured to identify the sectional
plane as the introduction sectional plane.

5. The ultrasonic imaging apparatus of claim 1, wherein
said ultrasonic probe comprises a 2D probe array comprising
a plurality of piezoelectric elements that are two-dimension-
ally arranged in a planar pattern.

6. The ultrasonic imaging apparatus of claim 1, wherein
said image processor further comprises an orthogonal 3-sec-
tional plane formation device configured to form tomo-
graphic image data on three orthogonal sectional planes in the
3D region, wherein the three orthogonal sectional planes
include the introduction sectional plane.
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7. The ultrasonic imaging apparatus of claim 6, further
comprising a display section configured to display tomo-
graphic image data within the three orthogonal sectional
planes.

8. The ultrasonic imaging apparatus of claim 7, wherein
said monitor area setting device is configured to extract tomo-
graphic image data in the monitor memory area from the
image memory and to display tomographic images of the
tomographic image data on said display section.

9. The ultrasonic imaging apparatus of claim 8, wherein
said penetration point detecting device comprises a cursor
position detecting device configured to detect a cursor for
specifying a point in the displayed tomographic image and
the position of the cursor in the tomographic image and to
identify the specified point as the penetration point.

10. The ultrasonic imaging apparatus of claim 1, wherein
said penetration point detecting device comprises an auto-
matic detecting device configured to extract tomographic
image data in the monitor memory area from the 3D tomo-
graphic image data and to automatically detect the penetra-
tion point of said puncture needle as included in a tomo-
graphic image of the tomographic image data.

11. The ultrasonic imaging apparatus of claim 10, wherein
said automatic detecting device is configured to automati-
cally detect the pixel position of a high-brightness spot
beyond a threshold in the tomographic image, as the penetra-
tion point.

12. The ultrasonic imaging apparatus of claim 10, wherein
when the 3D tomographic image data captured temporally
successively is stored in said image memory, said automatic
detecting device is configured to:

extract temporally successive tomographic image data in

the monitor memory area; and

automatically detect the penetration point from tomo-

graphic images ofthe extracted tomographic image data.

13. The ultrasonic imaging apparatus of claim 10, wherein
when the 3D tomographic image data captured temporally
successively is stored in said image memory, the automatic
detecting device is configured to:

extract tenporally successive 2D tomographic image data

in the monitor memory area;

differentiate between two 2D tomographic images cap-

tured at different times in 2D tomographic images of the
plural 2D tomographic image data; and

automatically detect the pixel position of a spot beyond a

threshold as included in a difference tomographic image
obtained by the differentiation, as the penetration point.

14. The ultrasonic imaging apparatus of claim 1, wherein
said monitor area setting device comprises a first monitor
memory area in said image memory corresponding to a first
monitor area located in the 3D region’s periphery where said
puncture needle begins to be introduced into the 3D region.

15. The ultrasonic imaging apparatus of claim 14, wherein
said monitor area setting device comprises a second monitor
memory area in said image memory corresponding to a sec-
ond monitor area located within the 3D region.

16. The ultrasonic imaging apparatus of claim 15, wherein,
according to the tomographic image data in the first monitor
memory area and the second monitor memory area, said
penetration point detecting device is configured to detect a
first penetration point and a second penetration point where
said puncture needle penetrates the first monitor area and the
second monitor area respectively.
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17. The ultrasonic imaging apparatus of claim 16, wherein
said sectional plane position correcting device is configured
to correct the position of the introduction sectional plane so as
to include the first penetration point and the second penetra-
tion point.

18. A method for ultrasonic imaging, said method compris-
ing:

capturing 3D tomographic image data of a subject;

introducing a puncture needle into a 3D region of the

subject using a puncture guide;

storing the captured 3D tomographic image data;

forming image data on an introduction sectional plane that

includes an expected introduction path along which the
introduction of the puncture needle into the 3D region is
expected to be made;

setting a monitor memory area that corresponds to a planar

monitor area in the 3D region, wherein the expected
introduction path passes through the 3D region in a
vicinity of a center;

detecting a point of penetration of the monitor area by the

puncture needle according to tomographic image data in
the monitor memory area when the puncture needle
penetrates the monitor area; and

correcting the position of the introduction sectional plane

to include the penetration point for display to an opera-
tor.

19. The method of claim 18, further comprising mechani-
cally scanning a probe array that includes a plurality of piezo-
electric elements arranged in one of a one-dimensional pat-
tern and a two-dimensional patter.
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20. An ultrasonic imaging apparatus comprising:

an ultrasonic probe configured to capture 3D tomographic
image data of a subject;

a puncture guide sized to be held by said ultrasonic probe;

a puncture needle coupled to said puncture guide and con-
figured to be introduced into a 3D region of the subject;

an image memory configured to store the 3D tomographic
image data;

an image processor configured to form, according to the 3D
tomographic image data, image data on an introduction
sectional plane including an expected introduction path
along which the introduction of said puncture needle
into the 3D region is expected to be made, wherein, said
image processor comprises:

a monitor area setting device configured to set, in a 3D
memory area of the image memory corresponding to the
3D region, a monitor memory area which corresponds to
a planar monitor area in the 3D region which the
expected introduction path penetrates in the vicinity of
the center;

a penetration point detecting device configured to detect a
point of penetration of the monitor area by said puncture
needle according to tomographic image data in the
monitor memory area when said puncture needle pen-
etrates the monitor area; and

a sectional plane position correcting device configured to
correct the position of the introduction sectional plane to
include the penetration point; and

a display section configured to display the tomographic
image data to an operator.
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