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(57) ABSTRACT

An ultrasonic diagnosis apparatus according to the present
invention includes an ultrasonic endoscope having ultra-
sonic transducers for scanning ultrasonic wave in a living
body three-dimensionally, an ultrasonic image creating por-
tion of an ultrasonic observing apparatus for creating ultra-
sonic volume data based on an ultrasonic signal captured by

(73)  Assignee: ?lly(flrnpl}sP Medical - Systems  Corp., the ultrasonic endoscope, a two-dimensional image select
okyo (JP) knob, keyboard, trackball, computing/control portion and
. display control portion for selecting a tomographic plane
1) Appl. No- 11/646,966 from the ultrasonic volume data by designating the angle of
(22) Filed: Dec. 28. 2006 rotation about the straight line through two points designated
’ on the ultrasonic volume data as the axis of rotation, and a
(30) Foreign Application Priority Data monitor for displaying the tomographic plane selected dur-
ing a scanning operation as a two-dimensional ultrasonic
Dec. 28, 2005  (JP) overerreevrienerecernerreneinne 2005-380209 image.
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ULTRASONIC DIAGNOSIS APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application No. 2005-380209
filed in the Japanese Patent Office on Dec. 28, 2005, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic diag-
nosis apparatus for creating an ultrasonic image from ultra-
sonic signals obtained by exchanging ultrasonic wave with
the inside of a living body.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnosis apparatus has been widely
spread in recent years that transmits ultrasonic wave to the
inside of a living body and receives the reflected waves from
a biological tissue to observe the state of the living body as
an image since the condition within the living body can be
observed in realtime.

[0006] When a tumor is found during the observation by
using the ultrasonic diagnosis apparatus, the cells or tissue
may be extracted to examine by observing an ultrasonic
image thereof and sticking the tumor in order to determine
whether the found tumor is benign or malignant.

[0007] When a puncture needle is used in this case, the
puncture needle may project diagonally with respect to an
ultrasonic scan plane, or the puncture needle may bend.
Then, whether the end of the puncture needle has reached to
the inside of a tumor or not cannot be checked, and the
accurate diagnosis may not be performed as it is. Therefore,
the puncture needle may be required to stick again.

[0008] In order to address this point, Japanese Unexam-
ined Patent Application Publication No. 2005-58584 pro-
poses an ultrasonic diagnosis apparatus in which the position
of a puncture needle is estimated from volume data resulting
from the detection of the position of the puncture needle by
a position sensor and the three-dimensional scan of ultra-
sonic wave by using a two-dimensional transducer array so
that the puncture needle can be displayed on an ultrasonic
image.

[0009] Japanese Unexamined Patent Application Publica-
tion No. 2000-185041 proposes an ultrasonic diagnosis
apparatus for estimating the position of a puncture needle
based on the position having a larger Doppler signal from
the volume data resulting from the application of slight
vibrations to the puncture needle and the three-dimensional
scan of ultrasonic wave by using a two-dimensional trans-
ducer array.

[0010] Japanese Unexamined Patent Application Publica-
tion No. 2004-208359 proposes an ultrasonic diagnosis
apparatus for displaying the amount of displacement of a
puncture needle from a scan plane based on the luminance
information based on the reflected waves from the puncture
needle from the volume data resulting from the three-
dimensional scan of ultrasonic wave by using a two-dimen-

1. Field of the Invention
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sional transducer array, However, though Japanese Unex-
amined Patent Application Publication No. 2005-58584
discloses that a position sensor is attached to a radio wave
puncture needle or a hollow puncture needle for ethanol
injection, it does not indicate the type of the position sensor,
and the positional relationship between the position sensor
and the puncture needle during the detection operation is not
clear.

[0011] Japanese Unexamined Patent Application Publica-
tion No. 2000-185041 may require the sacrifice of the frame
rate for performing three-dimensional scanning in Doppler
mode, which may decrease the realtime characteristic during
a centesis operation and may not be a realistic resolution.
Furthermore, in the technology disclosed in the publication,
slight vibrations must be continuously applied to the punc-
ture needle, which complicates the construction of the
apparatus.

[0012] According to Japanese Unexamined Patent Appli-
cation Publication No. 2004-208859, the ultrasonic data
includes many pixels having closer luminance values, which
makes the accurate extraction of the puncture needle only
difficult in reality. The technology disclosed in the publica-
tion has a problem that the actual path of insertion of the
puncture needle cannot be checked since the puncture needle
itself is not displayed though the amount of displacement of
the puncture needle from the scanned surface is displayed.

[0013] Theultrasonic endoscope to be inserted into a body
cavity for use has an insertion portion having more flexibil-
ity than an external ultrasonic probe, and the end part cannot
be visually recognized. Therefore, it is significantly difficult
to correct the position of the ultrasonic transducers and/or
the orientation of the tip of the puncture needle.

SUMMARY OF THE INVENTION

[0014] Accordingly, it is an object of the present invention
to provide an ultrasonic diagnosis apparatus which allows
the secure display of the path of insertion of a puncture
needle.

[0015] Briefly, according to an aspect of the present inven-
tion, there is provided an ultrasonic diagnosis apparatus
including an ultrasonic probe for three-dimensionally scan-
ning ultrasonic wave in a living body, a volume data creating
unit for creating ultrasonic volume data based on an ultra-
sonic signal captured by the ultrasonic probe, a tomographic
plane selecting unit for selecting a tomographic plane from
the ultrasonic volume data, and a display device for display-
ing the tomographic plane selected by the tomographic plane
selecting unit as a two-dimensional ultrasonic image during
the scanning operation.

[0016] The above and other objects, features and advan-
tages of the invention will become more clearly understood
from the following description referring to the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a diagram showing a configuration of an
ultrasonic diagnosis apparatus according to a first embodi-
ment of the present invention;

[0018] FIG. 2 is an enlarged perspective diagram showing
a configuration of the end part of the ultrasonic endoscope
according to the first embodiment;
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[0019] FIG. 3 is a diagram showing the comparison
between the position of a two-dimensional ultrasonic image
extracted in accordance with an operation on a two-dimen-
sional image select key and the end part of the ultrasonic
endoscope;

[0020] FIG. 4 is a diagram showing an example in which
the longitudinal axis of a puncture needle is rendered within
a two-dimensional ultrasonic image on a monitor screen
according to the first embodiment;

[0021] FIG. 5 is a diagram showing a state that the first
point is designated by moving a cursor to the basal position
of the puncture needle on a two-dimensional ultrasonic
image on the monitor screen according to the first embodi-
ment;

[0022] FIG. 6 is a diagram showing a state that the second
point is designated by moving the cursor to the tip position
of the puncture needle on a two-dimensional ultrasonic
image on the monitor screen according to the first embodi-
ment;

[0023] FIG. 7 is a diagram showing a state that the
longitudinal axis of the puncture needle is displayed on a
two-dimensional ultrasonic image on the monitor screen as
a result of the designation of the first and second points
according to the first embodiment;

[0024] FIG. 8 is a diagram showing a configuration of an
ultrasonic diagnosis apparatus according to a second
embodiment of the present invention; and

[0025] FIG. 9 is an enlarged diagram showing the tips of
a puncture needle and stylet having a first transmitting coil.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] With reference to drawings, embodiments of the
present invention will be described below.

First Embodiment

[0027] FIGS.1to 7 show a first embodiment of the present
invention, and FIG. 1 is a diagram showing a configuration
of an ultrasonic diagnosis apparatus; FIG. 2 is an enlarged
perspective diagram showing a configuration of the end part
of the ultrasonic endoscope; FIG. 3 is a diagram showing the
comparison between the position of a two-dimensional
ultrasonic image extracted in accordance with an operation
on a two-dimensional image select key and the end part of
the ultrasonic endoscope; FIG. 4 is a diagram showing an
example in which the longitudinal axis of a puncture needle
is rendered within a two-dimensional ultrasonic image on a
monitor screen; FIG. 5 is a diagram showing a state that the
first point is designated by moving the cursor to the basal
position of the puncture needle on a two-dimensional ultra-
sonic image on the monitor screen; FIG. 6 is a diagram
showing a state that the second point is designated by
moving the cursor to the tip position of the puncture needle
on a two-dimensional ultrasonic image on the monitor
screen; and FIG. 7 is a diagram showing a state that the
longitudinal axis of the puncture needle is displayed on the
two-dimensional ultrasonic image on the monitor screen as
a result of the designation of the first and second points.

[0028] With reference to FIG. 1, a configuration of the
ultrasonic diagnosis apparatus will be described. This
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embodiment employs an ultrasonic endoscope having mul-
tiple ultrasonic transducers aligned two-dimensionally as an
ultrasonic probe.

[0029] The ultrasonic diagnosis apparatus includes an
ultrasonic endoscope 1 functioning as an ultrasonic probe,
an ultrasonic observing apparatus 2, a monitor 3, a keyboard
4 functioning as a tomographic place selecting unit and a
manual selecting unit, and a trackball 5 functioning as a
tomographic plane selecting unit and a manual selecting
unit.

[0030] The ultrasonic endoscope 1 includes a long and
narrow insertion portion 11, and an operating portion 12.
The insertion portion 11 can be inserted to a body cavity of
a patient. The operating portion 12 is connected to the rear
end of the insertion portion 11 and is grasped by an operator
to operate.

[0031] The insertion portion 11 has a rigid end part 13 at
the end, a bending part 14, which is bendable, at the rear end
of the end part 13 and a long flexible part 15 from the rear
end of the bending part 14 to the front end of the operating
portion 12.

[0032] The operating portion 12 has a bend knob 18 and
a two-dimensional image select knob 19. The bend knob 18
is a bend-operation member for bending the bending part 14
in a desired direction in response to a rotating operation by
an operator. The two-dimensional image select knob 19 is a
tomographic plane selecting unit and manual selecting unit
for selecting a two-dimensional ultrasonic image to be
displayed on the monitor 3. The two-dimensional image
select knob 19 is configured to be rotatable in two of
clockwise and counter clockwise directions and outputs an
ultrasonic image select signal in accordance with an opera-
tion to a computing/control portion 21, which will be
described later, of the ultrasonic observing apparatus 2.

[0033] The ultrasonic endoscope 1 further includes a for-
ceps channel 17 in the longitudinal direction from the
operating portion 12 to the end part 13. The forceps channel
17 is a therapeutic device channel with a hollow tube
providing a tunnel structure. The forceps channel 17 has
forceps channel ports 17a and 175, which are open to the end
part 13 and the operating portion 12, respectively. The
forceps channel 17 may internally hold a therapeutic device
such as a puncture needle.

[0034] With reference to FIG. 2, the configuration of the
end part 13 will be described below.

[0035] The end part 13 includes multiple ultrasonic trans-
ducers 16. The multiple ultrasonic transducers 16, more
specifically, are aligned in a two-dimensional plane form
having a transducer array in parallel with the direction of
insertion and a transducer array perpendicular thereto, which
form a two-dimensional array. Each of the ultrasonic trans-
ducers 16 connects to a signal line 16a. Each of the signal
lines 16a connects to the ultrasonic observing apparatus 2.
A pulse-shaped transmission drive signal for driving the
ultrasonic transducers 16 and an echo signal from the
ultrasonic transducers 16 are exchanged through the signal
lines 16a. In this case, each of the ultrasonic transducers 16
is driven, as described later, to obtain an echo from a
three-dimensional space in a specific area.

[0036] The forceps channel port 17a on the end part 13
side of the forceps channel 17 opens about the center axis
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having a predetermined angle from the axis of insertion so
that a puncture needle 9 (see FIG. 2), which is a therapeutic
device, for example, can project within the range of the
ultrasonic scan.

[0037] Notably, the end part 13 has an illumination win-
dow and an observation window, not shown. The illumina-
tion window is used for irradiating illumination light into the
body cavity. The observation window has an optical lens for
observing an illuminated subject.

[0038] Referring back to FIG. 1, the ultrasonic observing
apparatus 2 includes the computing/control portion 21,
which is a tomographic plane selecting unit, an ultrasonic
transmitting portion 22, an ultrasonic receiving portion 23,
an ultrasonic image creating portion 24, which is a volume
data creating unit, and a display control portion 25, which is
a tomographic plane selecting unit.

[0039] The computing/control portion 21 functions as a
control unit for controlling operations of components within
the ultrasonic observing apparatus 2 including the ultrasonic
transmitting portion 22, ultrasonic image creating portion 24
and display control portion 25 and also functions as a
computing unit for performing required computing, for
example.

[0040] The ultrasonic transmitting portion 22 transmits a
pulse-shaped transmission drive signal as described above
for driving the ultrasonic transducers 16.

[0041] The ultrasonic receiving portion 23 receives an
echo signal as described above from the ultrasonic trans-
ducers 16.

[0042] The ultrasonic image creating portion 24 creates
ultrasonic volume data (called 3D data, hereinafter), which
includes three-dimensional ultrasonic image data, based on
an echo signal received from the ultrasonic receiving portion
23.

[0043] The display control portion 25 is a display control
unit for controlling to display the 3D data created by the
ultrasonic image creating portion 24 on the monitor 3 under
the control of the computing/control portion 21 and control-
ling to extract and display a two-dimensional ultrasonic
image from the 3D data on the monitor 3.

[0044] The ultrasonic observing apparatus 2 connects to
the keyboard 4. The keyboard 4 includes a scan start key 4a,
a first-point designate key 4b, a second-point designate key
4c, a two-dimensional image select key (+) 44 and a
two-dimensional image select key (-) 4e.

[0045] The scan start key 4a is for starting ultrasonic scan
by the ultrasonic transducers 16.

[0046] The first-point designate key 4b is, for example, for
designating the basal side of the part of the puncture needle
9 projecting from the forceps channel port 17a as a first
point, as described later.

[0047] The second-point designate key 4c is, for example,
for designating the tip side of the part of the puncture needle
9 projecting from the forceps channel port 17a as a second
point, as described later.

[0048] The two-dimensional image select key (+) 4d is for
selecting a two-dimensional ultrasonic image to be dis-
played on the monitor 3.

Jul. 19, 2007

[0049] The two-dimensional image select key (=) de is
also for selecting a two-dimensional ultrasonic image to be
displayed on the monitor 3 and performs the designation in
the opposite direction of that of the two-dimensional image
select key (+) 4d.

[0050] The ultrasonic observing apparatus 2 further con-
nects to the trackball 5. The trackball 5 is a pointing device
for moving a cursor 33 displayed on a monitor screen 3a of
the monitor 3 (see FIGS. 5 and 6).

[0051] The ultrasonic observing apparatus 2 further con-
nects to the monitor 3. The monitor 3 is a display unit
(display apparatus) for displaying the output from the ultra-
sonic observing apparatus 2.

[0052] Next, operations of the ultrasonic diagnosis appa-
ratus as shown in FIGS. 1 and 2 will be described.

[0053] 1InFIG. 1, the broken line, thick solid line and solid
line indicate a flow of a signal/data relating to ultrasonic
wave, a flow of a signal/data relating to a final display image
and a flow of signal/data relating to control, respectively.

[0054] First of all, an operation of the entire ultrasonic
diagnosis apparatus will be described schematically.

[0055] When the scan start key 4a of the keyboard 4 is
pressed, a pulse-voltage-shaped transmission drive signal
from the ultrasonic transmitting portion 22 to the ultrasonic
transducers 16 in the end part 13 of the ultrasonic endoscope
1 under the control of the computing/control portion 21
within the ultrasonic observing apparatus 2. In this case, the
computing/control portion 21 delays excitation signals (that
1s, transmission drive signals) so as to differentiate the times
when transmission drive signals reach the ultrasonic trans-
ducers 16.

[0056] Partial or multiple ultrasonic transducers 16 of the
multiple ultrasonic transducers 16 in the ultrasonic trans-
ducer array receive and convert pulse-voltage-shaped exci-
tation signals from the ultrasonic transmitting portion 22 to
ultrasonic wave, which is compression wave of a medium.
The ultrasonic wave excited by the ultrasonic transducers 16
overlap within a subject body to form one ultrasonic beam
(the computing/control portion 21 delays the transmission
drive signals as described above to form the one ultrasonic
beam). The ultrasonic beam generated in this way is irradi-
ated to the outside of the ultrasonic endoscope 1 and scans
the inside of a subject three-dimensionally. The reflected
wave from the inside of the subject returns to the ultrasonic
transducers 16 through the reverse path of that of the
ultrasonic beam. The ultrasonic transducers 16 convert the
reflected wave to an electric echo signal and transmit the
echo signal to the ultrasonic receiving portion 23 within the
ultrasonic observing apparatus 2 through the reverse path of
that of the excitation signal.

[0057] The ultrasonic receiving portion 23 amplifies and
transmits the received echo signal to the ultrasonic image
creating portion 24.

[0058] The ultrasonic image creating portion 24 phases
and adds the amplified echo signals and creates the 3D data
under the control of the computing/control portion 21.

[0059] The display control portion 25 extracts and outputs
the two-dimensional ultrasonic image from the 3D data
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created by the ultrasonic image creating portion 24 to the
monitor 3 under the control of the computing/control portion
21.

[0060] In other words, when an operator operates the
two-dimensional image select knob 19 of the operating
portion 12 of the ultrasonic endoscope 1, the two-dimen-
sional image select key 4d or 4e on the keyboard 4 or the
trackball 5, the computing/control portion 21 within the
ultrasonic observing apparatus 2 controls the display control
portion 25 to designate the plane to extract the two-dimen-
sional ultrasonic image from the 3D data. Thus, the display
control portion 25 extracts the plane designated by the
computing/control portion 21 to create and output the two-
dimensional ultrasonic image to the monitor 3. Hence, the
operator can display the tomographic plane rendered by the
puncture needle 9 and can perform accurate centesis while
observing the image of the puncture needle 9.

[0061] Next, how to designate the plane to extract the
two-dimensional ultrasonic image will be described.

[0062] Initially, when the puncture needle 9 projects
straight, without bending, from the forceps channel port 17a
toward the exit, the computing/control portion 21 controls
the display control portion 25 to display the tomographic
plane of the puncture needle 9 and extract the two-dimen-
sional ultrasonic image position (called initial two-dimen-
sional image position, hereinafter) perpendicular to the
transducer array plane.

[0063] Then, in response to the clockwise rotational
operation of the two-dimensional image select knob 19
disposed at the operating portion 12 of the ultrasonic endo-
scope 1 or the press of the two-dimensional image select key
(+) 4d on the keyboard 4, the computing/control portion 21
controls the display control portion 25 to extract the two-
dimensional ultrasonic image position resulting from the
rotation of the initial two-dimensional image position about
the center line of the axis of insertion as the rotational axis
by the angle in accordance with the amount of operation in
the + direction in FIG. 3 (in the clockwise direction when the
basal side is viewed from the tip side through the axis of
insertion).

[0064] On the other hand, in response to the counter-
clockwise rotational operation of the two-dimensional
image select knob 19 disposed at the operating portion 12 of
the ultrasonic endoscope 1 or the press of the two-dimen-
sional image select key (-) 4e on the keyboard 4, the
computing/control portion 21 controls the display control
portion 25 to extract the two-dimensional ultrasonic image
position resulting from the rotation of the initial two-
dimensional image position about the center line of the axis
of insertion as the rotational axis by the angle in accordance
with the amount of operation in the - direction in FIG. 3 (in
the counter-clockwise direction when the basal side is
viewed from the tip side through the axis of insertion).

[0065] 1In order to display an arbitrary tomographic plane
as a two-dimensional ultrasonic image during the perfor-
mance of the processing as described above, processing may
be performed as follows.

[0066] First of all, as shown in FIG. 5 or 6, the monitor
screen 3a of the monitor 3 can display a 3D data 31 and a
two-dimensional ultrasonic image 32 in a line. The monitor
screen 3a can further display a cursor 33 functioning as a
pointer.
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[0067] In this configuration, an operator operates the
trackball 5 at a desired time to display the cursor 33 on the
two-dimensional ultrasonic image 32 on the monitor screen
3a and presses the first point designate key 45 on the
keyboard 4. Then, the computing/control portion 21 controls
the display control portion 25 to display a red point, for
example, at the position designated by the cursor 33 on the
two-dimensional ultrasonic image 32 and also display the
red point at the corresponding position on the 3D data 31. If
the second point, which will be described later, has been
already designated until then, the computing/control portion
21 controls the display control portion 25 to extract the plane
through the first and second points and in perpendicular to
the transducer plane as the two-dimensional ultrasonic
image 32.

[0068] Under the condition that the first point is desig-
nated, an operator may operate the trackball 5 to move the
cursor 33 to the position outside of the two-dimensional
ultrasonic image 32 on the monitor screen 3a and may then
press the first point designate key 4b on the keyboard 4.
Then, the computing/control portion 21 controls the display
control portion 25 to cancel the designation of the first point
and return to the condition that the red points displayed on
the two-dimensional ultrasonic image 32 and 3D data 31 are
not displayed.

[0069] Similarly, during the performance of the process-
ing, an operator may operate the trackball 5 to display the
cursor 33 on the two-dimensional ultrasonic image 32 on the
monitor screen 3¢ and may then press the second point
designate key 4c¢ on the keyboard 4. Then, the computing/
control portion 21 controls the display control portion 25 to
display a green point, for example, at the position designated
by the cursor 33 on the two-dimensional ultrasonic image 32
and also display the green point at the corresponding posi-
tion on the 3D data 31. If the first point, which has been
described above, has been already designated until then, the
computing/control portion 21 controls the display control
portion 25 to extract the plane through the first and second
points and in perpendicular to the transducer plane as the
two-dimensional ultrasonic image 32.

[0070] Under the condition that the second point is des-
ignated, the operator may operate the trackball 5 to move the
cursor 33 to the position outside of the two-dimensional
ultrasonic image 32 on the monitor screen 3¢ and may then
press the second point designate key 4¢ on the keyboard 4.
Then, the computing/control portion 21 controls the display
control portion 25 to cancel the designation of the second
point and to return to the condition that the green points
displayed on the two-dimensional ultrasonic image 32 and
3D data 31 are not displayed.

[0071] Under the condition that the two points (that is, the
first and second points) are designated, when the two-
dimensional image select knob 19 in the operating portion
12 of the ultrasonic endoscope 1 is operated to rotate, or
when the two-dimensional image select key 4d or 4e on the
keyboard 4 is pressed, the computing/control portion 21
controls the display control portion 25 to extract the two-
dimensional ultrasonic image 32 resulting from the rotation
about the straight line through the first and second points as
the axis of rotation by the angle in accordance with the
amount of operation.

[0072] The operation for extracting and displaying a two-
dimensional ultrasonic image will be described in more
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detail with reference to an example in which the longitudinal
axis of the puncture needle 9 is rendered within the two-
dimensional ultrasonic image 32 on the monitor screen 3a,
as shown in FIG. 4.

[0073] First, when an operator may press the scan start key
4a on the keyboard 4, the 3D (three-dimensional) scan is
started, and the monitor screen 3a displays the image of the
3D data 31 and the two-dimensional ultrasonic image 32.
Here, the two-dimensional ultrasonic image 32 displays the
position at the initial two-dimensional image position as
described above.

[0074] Next, an operator may move the end part 13 of the
ultrasonic endoscope 1 to the vicinity of the part to stick and
causes a small amount of the puncture needle 9 to project
from the forceps channel port 17a¢ through the forceps
channel 17.

[0075] Then, the operator may operate the two-dimen-
sional image select knob 19 in the operating portion 12 of
the ultrasonic endoscope 1 or the two-dimensional image
select key 4d or 4e on the keyboard 4 to display the
two-dimensional ultrasonic image 32 displaying the longi-
tudinal direction of the puncture needle 9 as shown in FIG.
5

[0076] Here, when the direction of projection of the punc-
ture needle 9 and the direction of the axis of insertion of the
ultrasonic endoscope 1 are twisted, the longitudinal axis of
the puncture needle 9 is not displayed well on the two-
dimensional ultrasonic image 32.

[0077] In this case, an operation may be performed for
designating an arbitrary tomographic plane as the two-
dimensional ultrasonic image 32.

[0078] In other words, the two-dimensional image select
knob 19 or two-dimensional image select key 4d or de is first
operated to display the basal part 9a of the puncture needle
9 on the two-dimensional ultrasonic image 32.

[0079] Next, the trackball 5 is operated to display the
cursor 33 at the position of a basal part 9a of the puncture
needle 9 on the two-dimensional ultrasonic image 32 on the
monitor screen 3a as shown in FIG. 5, and the first point
designate key 45 on the keyboard 4 is pressed.

[0080] Then, the two-dimensional image select knob 19 or
two-dimensional image select key 4d or 4e is operated to
display a tip part 95 of the puncture needle 9 on the
two-dimensional ultrasonic image 32 as shown in FIG. 6.

[0081] Then, the trackball 5 is operated to display the
cursor 33 at the position of the tip part 96 of the puncture
needle 9 on the two-dimensional ultrasonic image 32 on the
monitor screen 3a as shown in FIG. 6, and the second point
designate key 4c on the keyboard 4 is pressed.

[0082] With the above operation, the longitudinal axis of
the puncture needle 9 is displayed on the two-dimensional
ultrasonic image 32 as shown in FIG. 7.

[0083] Here, in order to check the positional relationship
with a surrounding organ or when the puncture needle 9
bends, the two-dimensional image select knob 19 or two-
dimensional image select key 4d or 4e is operated to rotate
the two-dimensional ultrasonic image 32 about the straight
line through the first and second points to display the
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surrounding organ or the bending state of the puncture
needle 9 on the monitor 3 for checking.

[0084] After that, the centesis is performed more deeply
onto an affected part by checking the puncture needle 9 on
the two-dimensional ultrasonic image 32 at the same time.
During the performance of the centesis, the two points (that
is, the first and second points) may be designated as
described above again, and the angle of rotation may be
adjusted to change the tomographic plane to be displayed
when the position of the end part 13 of the ultrasonic
endoscope 1 is moved or the direction of the puncture needle
9 is changed. The display of the arbitrary tomographic plane
may be cancelled by operating the trackball 5 to move the
cursor 33 to the position outside of the two-dimensional
ultrasonic image 32 on the monitor screen 3a and pressing
the first point designate key 45 or second point designate key
4c on the keyboard 4. Then, in order to check the puncture
needle 9, the two-dimensional image select knob 19 may be
rotated, and the two-dimensional ultrasonic images 32 dis-
playing the tip part 95 of the puncture needle 9 may be
sequentially selected.

[0085] When the puncture needle 9 bends, the two points
near the tip of the puncture needle 9 may be designated to
display the path through which the tip of the puncture needle
9 may pass.

[0086] The end part 13 may be checked all the time on a
real ultrasonic tomographic image by rotating the two-
dimensional image select knob 19 and sequentially selecting
the two-dimensional ultrasonic image 32 displaying the tip
part of the puncture needle 9.

[0087] According to the first embodiment, the tip of the
puncture needle 9 can be checked securely on the two-
dimensional ultrasonic image 32 not only when the puncture
needle 9 projects straight from the forceps channel port 17a
but also when the puncture needle 9 projects diagonally
from the forceps channel port 17a or the puncture needle 9
itself bends. Thus, the reach of the tip of the puncture needle
9 to the inside of a tumor can be confirmed, which can
improve the accuracy of the diagnosis. Furthermore, the
operation can be continued even with the puncture needle 9
bent, which can improve the cost eficiency and reduce the
examination time by eliminating the necessity for replacing
the bent puncture needle 9 and sticking the new one again.

[0088] Unlike an external probe, the ultrasonic endoscope
1 is generally grasped by both hands so that the load to be
imposed on an operator can be reduced by configuring the
selection of the two-dimensional ultrasonic image 32 to be
displayed on the monitor 3 to be performed by using the
two-dimensional image select knob 19 in the operating
portion 12. The centesis is performed by an operator with
one hand operating the operating portion 12 and the other
hand operating the puncture needle 9. The two-dimensional
image select knob 19 in the operating portion 12 eliminates
the necessity for an assistant to display the two-dimensional
ultrasonic image 32 of the tip of the puncture needle 9,
which improves the operability for centesis.

[0089] Since the two-dimensional ultrasonic image 32 to
be displayed may be selected manually, a desired image can
be displayed more securely than that of a device for auto-
matically displaying an image. The surrounding organ of the
puncture needle can be checked by displaying a two dimen-
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sional ultrasonic image of the plane except for the place
having the puncture needle. This can further simplify the
configuration and reduce the size of the apparatus.

[0090] The technology of this embodiment displays an
echo from the puncture needle 9 displayed on a real ultra-
sonic image. Thus, this technology provides more accurate
positional relationship with a real surrounding organ than a
conventional technology, which displays the position of the
puncture needle 9 estimated based on data obtained from a
sensor, for example, on an ultrasonic tomographic image in
a superimposed manner. Thus, an affected part can be
securely stuck, and the cells or tissue of the affected part can
be securely extracted.

[Variation Examples]

[0091] Having employed the ultrasonic endoscope I hav-
ing a two-dimensional array including the multiple ultra-
sonic transducers 16 in a two-dimensional plane form as an
ultrasonic probe, the invention is not limited thereto. For
example, an ultrasonic probe having a two-dimensional
array including the multiple ultrasonic transducers 16 in a
two-dimensional curved form may be used instead. More
specifically, a two-dimensional array including the multiple
ultrasonic transducers 16 along the outer edge of the cylin-
drical end part 13 may be used, for example. Alternatively,
an ultrasonic probe may be used which scans three-dimen-
sionally by mechanically moving an array of transducers
aligned in one-dimensionally. The ultrasonic probe is not
limited to an ultrasonic endoscope.

[0092] The keyboard 4 and trackball 5 have been
employed as units for externally controlling the ultrasonic
observing apparatus 2 for the illustration purpose only. For
example, a mouse and/or a joystick may be used as a unit for
selecting an item under a menu on a screen.

[0093] Having described that, when the two-dimensional
ultrasonic image 32 is selected, the two-dimensional ultra-
sonic image 32 is displayed resulting from the rotation about
the center line of the axis of insertion by the angle in
accordance with the amount of operation, the invention is
not limited thereto. The two-dimensional ultrasonic image
32 may be displayed resulting from the rotation of the initial
two-dimensional image position about the straight line
through the center of the forceps channel port 17a in the end
part 13 of the ultrasonic endoscope 1. The adoption of this
configuration allows the easier selection of the two-dimen-
sional ultrasonic image 32 rendering the longitudinal axis of
the puncture needle 9 since the forceps channel port 17a
fixing the position of the puncture needle 9 always exists on
the two-dimensional ultrasonic image 32.

[0094] In addition, having described that the two-dimen-
sional ultrasonic image 32 may be selected by two types of
the unit for displaying the two-dimensional ultrasonic image
32 by simultaneously rotating it about the center line of the
axis of insertion by the angle in accordance with the amount
of operation and the unit for displaying an arbitrary two-
dimensional ultrasonic image 32 by designating two points
and the angle of rotation. However, the invention is not
limited thereto, and other units may be used instead as
follows.

[0095] An example thereof is a unit for selecting and
displaying an arbitrary two-dimensional ultrasonic image 32
including designated three points.

Jul. 19, 2007

[0096] Another example thereof is a unit for rotating and
displaying the initial two-dimensional image position about
orthogonal three straight lines through the center position of
the opening of the forceps channel port 174 of the end part
13 of the ultrasonic endoscope 1. This allows the rotation
and display of the initial two-dimensional image about the
axes of coordinates defined by handling the center position
of the opening of the forceps channel port 17a as the origin.
The adoption of this unit allows the display of the longitu-
dinal axis of the puncture needle 9 on the two-dimensional
ultrasonic image 32 by designating only three angles of
rotation even when the direction of projection of the punc-
ture needle 9 is displaced in any direction. In this case,
providing three devices for inputting the angle of rotation,
such as a knob and a button, in the operating portion 12 of
the ultrasonic endoscope 1 allows easy display of the
longitudinal axis of the puncture needle 9 on the two-
dimensional ultrasonic image 32 only by a hand operation.

Second Embodiment

[0097] FIGS. 8 and 9 show a second embodiment of the
preset invention. FIG. 8 is a diagram showing a configura-
tion of an ultrasonic diagnosis apparatus, and FIG. 9 is an
enlarged diagram showing the tip of a stylet having a
puncture needle and a first transmitting coil.

[0098] According to the second embodiment, the same
reference numerals are given to the same components as
those of the first embodiment, and the repetitive description
thereof will be omitted herein. Mainly, differences will be
only described.

[0099] According to this embodiment, the ultrasonic diag-
nosis apparatus of the second embodiment is different from
that of the first embodiment shown in FIG. 1 in following
points.

[0100] First of all, referring to FIG. 9, the tips of the
puncture needle 9 and stylet 44 will be described.

[0101] The puncture needle 9 is a therapeutic device to be
stuck into a living body and has a hollow structure allowing
the suction of cells, for example, or injection of ethanol, for
example.

[0102] The puncture needle 9 has a hollow part holding
the stylet 44, which is a therapeutic device having a sharp
needle form at the tip. The tip part of the stylet 44 internally
includes a first transmitting coil 41 functioning as a position
detecting unit and magnetic sensor and having the direction
of the axis of wiring agreed with the direction of the axis of
the stylet 44. The first transmitting coil 41 connects to a
position/orientation detecting device 7, which will be
described later, through a signal line, as shown in FIG. 8.

[0103] The ultrasonic diagnosis apparatus of this embodi-
ment includes a foot switch 6, which functions as a tomo-
graphic plane selecting unit and a manual selecting unit, the
position/orientation detecting device 7, and a receiving coil
8 functioning as the position detecting unit and a magnetic
sensor. The configuration of a keyboard 4A functioning as a
tomographic plane selecting unit and a manual selecting unit
is slightly different from that of the keyboard 4 of the first
embodiment.

[0104] The end part 13 of the ultrasonic endoscope 1
internally includes a second transmitting coil 42 and a third
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transmitting coil 43, both of which functioning as a position
detecting unit and a magnetic sensor. The second transmit-
ting coil 42 of them is provided with the direction of axis of
wiring agreed with the direction of axis of insertion of the
ultrasonic endoscope 1 and also agreed with the longitudinal
direction of the plane of the ultrasonic transducers 16 in a
two-dimensional array. The third transmitting coil 43 has the
direction of axis of wiring orthogonal to the direction of axis
of wiring of the second transmitting coil 42 and perpendicu-
lar to the plane of the ultrasonic transducers 16 in a two-
dimensional array. The second transmitting coil 42 and third
transmitting coil 43 are connected to the position/orientation
detecting device 7 through respective signal lines.

[0105] The position/orientation detecting device 7 is con-
nected to the first to third transmitting coils 41 to 43, as
described above, and functions as a position/orientation
detecting unit for outputting coil excitation signals to the
first to third transmitting coils 41 to 43. The position/
orientation detecting device 7 is further connected to mul-
tiple receiving coils 8. The multiple receiving coils 8 are
spatially fixed with the different directions of the axis of
wiring. The position/orientation detecting device 7 receives
current generated from the receiving coils 8 in response to
a change in magnetic field, calculates position/orientation
data and transmits the result to the computing/control por-
tion 21 of the ultrasonic observing apparatus.

[0106] The foot switch 6 includes a + key 6a and - key 65,
each of which is a button to be operated by a foot. The foot
switch 6 is connected to the computing/control portion 21 of
the ultrasonic observing apparatus 2.

[0107] The keyboard 4A includes the scan start key 4a,
first point designate key 45, second point designate key 4c,
two-dimensional image select key (+) 4d and two-dimen-
sional image select key (-) 4e and further includes an
automatic detection key 4f.

[0108] The rest of the configuration of the ultrasonic
diagnosis apparatus is substantially the same as that of the
ultrasonic diagnosis apparatus of the first embodiment.

[0109] Next, operations of the ultrasonic diagnosis appa-
ratus will be described.

[0110] The operations of the ultrasonic diagnosis appara-
tus of this embodiment are different from the operations of
the ultrasonic diagnosis apparatus of the first embodiment in
the operation of the stylet 44, the operation of the position/
orientation detecting device 7, the operation for designating
the plane to extract the two-dimensional ultrasonic image 32
from the 3D data 31 by the computing/control portion 21 and
the operation by the foot switch 6. Only the differences will
be mainly described below.

[0111] In FIG. 8, the thick broken line, broken line, thick
solid line and solid line indicate a flow of a signal/data
relating a position, a flow of a signal/data relating to
ultrasonic wave, a flow of a signal/data relating to a final
display image and a flow of signal/data relating to control,
respectively.

[0112] First of all, the centesis and suction, for example,
may be performed as follows. That is, the puncture needle 9
and the style 44 are integrally stack into an affected part with
the stylet 44 projected from the puncture needle 9. During
the centesis operation, the tissue on the centesis path to the
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affected part is prevented from incorporating in the puncture
needle 9 since the stylet 44 is held within the hollow part of
the puncture needle 9. After that, the stylet 44 is released
from the puncture needle 9 to suck cells, for example, or
inject ethanol, for example.

[0113] Next, the operation of the position/orientation
detecting device 7 by using the transmitting and receiving
coils is performed as follows.

[0114] The position/orientation detecting device 7 excites,
with different frequencies, the first transmitting coil 41
within the stylet 44, the second transmitting coil 42 in the
end part 13 of the ultrasonic endoscope 1 and the third
transmitting coil 43 in the end part 13.

[0115] The receiving coil 8 detects the alternate magnetic
fields from the first to third transmitting coils 41 to 43 and
converts and outputs the detected magnetic fields to position
electric signals to the position/orientation detecting device 7.

[0116] The position/orientation detecting device 7 sepa-
rates the position electric signals inputted from the receiving
coil 8 for each frequency so that the transmitting coil having
the magnetic field from which the given position electric
signal is detected can be identified. Then, the position/
orientation detecting device 7 calculates the position/orien-
tation data of the transmitting coil based on each of the
separated position electric signals and outputs the calculated
position/orientation data to the computing/control portion 21
of the ultrasonic observing apparatus 2.

[0117] Here, according to this embodiment, the origin O is
defined on the receiving coil 8, and the orthogonal coordi-
nate axes O-xyz and the normal orthogonal basebands (unit
vectors of axis directions) 1, j and k (where normal letters are
used for the notation of vectors instead of thick letters. The
same is true hereinafter.) are fixed in a real space for
examining a subject by an operator.

[0118] In this case, based on the position electric signals,
the position/orientation detecting device 7 calculates, as a
function of time t, and outputs to the computing/control
portion 21 of the ultrasonic observing apparatus 2 the
position/orientation data of the transmitting coils 41 to 43 as:

[0119] Direction components to the orthogonal coordinate
axes O-xyz of a position vector OC, (t) of a position C, (t) of
the first transmitting coil 41,

[0120] Direction components to the orthogonal coordinate
axes O-xyz of a unit vector V, (t) indicating the axis
direction of the wire of the first transmitting coil 41,

[0121] Direction components to the orthogonal coordinate
axes O-xyz of a position vector OC,(t) of a position C,(t) of
the second transmitting coil 42,

[0122] Direction components to the orthogonal coordinate
axes O-xyz of a unit vector V,(t) indicating the axis direc-
tion of the wire of the second transmitting coil 42,

[0123] Direction components to the orthogonal coordinate
axes O-xyz of a position vector OC,(t) of a position C;(t) of
the third transmitting coil 43, and

[0124] Direction components to the orthogonal coordinate
axes O-xyz of a unit vector V4(t) indicating the axis direc-
tion of the wire of the third transmitting coil 43.
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[0125] When the automatic detection key 4f on the key-
board 4A is pressed here, the computing/control portion 21
performs an operation, which is different from that of the
first embodiment, as follows:

[0126] First of all, according to this embodiment, the
origin O' is defined at the center position of a two-dimen-
sional array including the ultrasonic transducers 16. and the
orthogonal coordinate axes O'-x'y'z' and the normal orthogo-
nal basebands (unit vectors of axis directions) 1, j' and k' are
fixed in a real space for examining a subject by an operator
as expressed by:

i'=F5(1)
J=Fs0
k=P, (0% V50 [EQ1]

where the symbol “x” in the right side expressing k'
expresses the outer product.

[0127] In this case, the position of the origin O' can be
calculated based on the C,(t) and C;(t) outputted from the
position/orientation detecting device 7 and the designed
relative positions of the two-dimensional array including the
ultrasonic transducers 16 and the second and third transmit-
ting coils 42 and 43 within the end part 13 of the ultrasonic
endoscope 1.

[0128] Next, the C,(t) and V,(t) outputted from the posi-
tion/orientation detecting device 7 are converted in coordi-
nates to C,'(t) and V,'(t), which are values in the O'x'y'z'
coordinates.

[0129] Then, the computing/control portion 21 controls
the display control portion 25 to extract the two-dimensional
ultrasonic image 32 including C,'(t) and V,'(t) and being in
perpendicular to the transducer plane from the 3D data 31.

[0130] The computing/control portion 21 repeats a series
of these steps every time position/orientation data is inputted
from the position/orientation detecting device 7.

[0131] When the automatic detection key 4f on the key-
board 4A is pressed again, the display control portion 25 is
controlled to fix the position of the two-dimensional ultra-
sonic image 32 to be extracted from the 3D data 31 at the
position when pressed. By handling the position as the initial
two-dimensional image position, the ultrasonic diagnosis
apparatus performs the same operation as that of the first
embodiment.

[0132] The + key 6a of the foot switch 6 is used for
performing the same operations as those of the two-dimen-
sional image select key (+) 44 on the keyboard 4A, and the
- key 64 of the foot switch 6 is used for performing the same
operations as those of the two-dimensional image select key
() 4e on the keyboard 4A.

[0133] The other operations in this embodiment are the
same as those of the first embodiment.

[0134] The second embodiment can provide substantially
the same effects as those of the first embodiment and can
always and automatically display the two-dimensional ultra-
sonic image 32 rendering the longitudinal axis of the punc-
ture needle 9, which eliminates the necessity for manual
positioning and can reduce the load on an operator and the
examination time.
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[0135] Since the stylet 44 includes the transmitting coils,
a position sensor can be internally provided in the hollow
puncture needle 9 without preventing a sticking operation.

[0136] Since the position can be changed manually after
the two-dimensional ultrasonic image 32 rendering the lon-
gitudinal axis of the puncture needle 9 is automatically
displayed, the puncture needle 9 can be securely rendered by
fine adjustments even when an operation for moving the
puncture needle 9 having released the stylet 44 within the
affected part in order to improve the efficiency of cell or
tissue extraction. Furthermore, the puncture needle 9 can be
securely rendered by fine adjustments even when the accu-
racy of the sensor decreases due to the poor surrounding
atmosphere of the magnetic field.

[0137] Furthermore, the two-dimensional ultrasonic
image 32 may be selected by a foot since the foot switch 6
is provided. In this case, the two-dimensional image select
knob 19 may be omitted from the operating portion 12,
which can reduce the weight of the operating portion 12 of
an ultrasonic probe without decreasing the effect that opera-
tions can be performed even when both hands are full.

[Variation Examples]

[0138] In the description above, the transmitting coils 41
to 43 for exciting alternate magnetic fields are provided in
the end part 13 the ultrasonic endoscope 1 and the tip of the
stylet 44, and the receiving coil 8 for detecting an alternate
magnetic field and outputting a position electric signal is
placed at an external predetermined position of the ultra-
sonic endoscope 1. However, the invention is not limited
thereto, but the transmitting oils 41 to 43 may be placed at
external predetermined positions of the ultrasonic endo-
scope 1, and the receiving coil 8 may be provided in the end
part 13 of the ultrasonic endoscope 1 and the tip of the stylet
44. Even in this configuration, the position/orientation
detecting device 7 can also calculate and output position/
orientation data of the transmitting coils based on the
position electric signal outputted by the receiving coil 8.

[0139] Having described that one coil is provided in the
stylet 44, two coils, for example, may be provided. In this
case, the two-dimensional ultrasonic image 32 including the
positions of the coils and being in parallel with the axis
direction vector of the wire of any one coil may be extracted
from the 3D data 31. Thus, even when the puncture needle
9 is bent, the two-dimensional ultrasonic image 32 rendering
the longitudinal axis of the puncture needle 9 can be
displayed.

[0140] Furthermore, according to this embodiment, the
same variation examples as those of the first embodiment are
applicable in addition.

[Appendices]

[0141] The embodiments of the invention as described in
detail above provide following configurations:

[Appendix 1]
[0142]

[0143] an ultrasonic probe for three-dimensionally scan-
ning ultrasonic wave in a living body;

[0144] volume data creating means for creating ultrasonic
volume data based on an ultrasonic signal captured by the
ultrasonic probe;

An ultrasonic diagnosis apparatus comprising:
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[0145] tomographic plane selecting means for selecting a
tomographic plane from the ultrasonic volume data; and

[0146] a display device for displaying the tomographic
plane selected by the tomographic plane selecting means as
a two-dimensional ultrasonic image during the scanning
operation.

[0147] In this case, a tomographic plane may be selected
from ultrasonic volume data during a scanning operation,
and the selected tomographic image may be displayed as a
two-dimensional ultrasonic image. Thus, the tip of the
puncture needle can be checked securely on the two-dimen-
sional ultrasonic image even when the puncture needle
projects diagonally or the puncture needle bends. Hence, the
reach of the tip of the puncture needle of the inside of a
tumor can be confirmed, which can improve the accuracy of
the diagnosis. Furthermore, the cost efficiency can be
improved by eliminating the necessity for replacing the bent
puncture needle and sticking the new one again.

[Appendix 2]

[0148] The ultrasonic diagnosis apparatus according to
Appendix 1,

[0149] wherein the tomographic plane selecting means has
manual selecting means for inputting the selection of a
tomographic plane manually.

[0150] In this case, since a tomographic plane to be
displayed may be selected and inputted manually, a desired
tomographic can be selected more securely than that of a
device for automatically selecting by using a sensor, for
example, which can reduce the size and simplify of the
configuration of the apparatus. In addition, the display from
the angle desired to display by an operator can be imple-
mented more securely.

[Appendix 3]

[0151] The ultrasonic diagnosis apparatus according to
Appendix 2,

[0152] wherein the ultrasonic probe has an operating por-
tion for operations by the hand; and

[0153] the manual selecting means is provided in the
operating portion of the ultrasonic probe.

[0154] In this case, since a tomographic plane may be
selected and inputted by the hands through the operating
portion, a two-dimensional ultrasonic image to be displayed
on the display apparatus can be selected by grasping the
ultrasonic probe with both hands even when the ultrasonic
probe is of the type to be generally grasped by both hands
(such as an ultrasonic endoscope), which can reduce the load
to be imposed on the operator. In addition, the centesis with
the puncture needle, for example, may be performed by the
operator with one hand operating the operating portion and
the other hand operating the puncture needle. Even in this
case, a two-dimensional ultrasonic image rendering the
puncture needle can be displayed without the necessity for
the assistant.

[Appendix 4]

[0155] The ultrasonic diagnosis apparatus according to
Appendix 2,
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[0156] wherein the manual selecting means includes a foot
switch for inputting the selection by the foot.

[0157] In this case, since a tomographic plane may be
selected and inputted by the foot, a two-dimensional ultra-
sonic image to be displayed on the display apparatus can be
selected by grasping the ultrasonic probe with both hands
even when the ultrasonic probe is of the type to be generally
grasped by both hands (such as an ultrasonic endoscope),
which can reduce the load to be imposed on the operator. In
addition, the centesis with the puncture needle, for example,
may be performed by the operator with one hand operating
the operating portion and the other hand operating the
puncture needle. Even in this case, a two-dimensional ultra-
sonic image rendering the puncture needle can be displayed
without the necessity for the assistant.

[Appendix 5]

[0158] The ultrasonic diagnosis apparatus according to
any one of Appendices 1 to 4,

[0159] wherein the tomographic plane selecting means is
configured to select a tomographic plane from the ultrasonic
volume data by designating the angle of rotation about the
axis of rotation, which is a straight line through two points
designated on the ultrasonic volume data.

[0160] In this case, a two-dimensional ultrasonic image
rendering the longitudinal axis of the puncture needle can be
displayed by defining two designated points on the puncture
needle if used, for example, which can reduce the exami-
nation time.

[Appendix 6]

[0161] The ultrasonic diagnosis apparatus according to
Appendix 1, further comprising:

[0162] the ultrasonic probe is configured to have a
therapeutic device channel through which a therapeutic
device can be held;

[0163]

[0164] a therapeutic device to be held through the
therapeutic device channel; and

[0165] position detecting means for detecting the
position of the ultrasonic probe and the position of
the therapeutic device,

[0166] wherein the tomographic plane selecting means
selects the tomographic plane based on the position
information detected by the position detecting means.

[0167] In this case, since the tomographic plane selecting
means selects a tomographic plane based on the position
information detected by the position detecting means, the
two-dimensional ultrasonic image rendering the longitudinal
axis of the therapeutic device can be automatically displayed
at all times. Thus, the necessity for manual positioning can
be eliminated, and the load on the operator and the exami-
nation time can be reduced.

[Appendix 7]

[0168] The ultrasonic diagnosis apparatus according to
Appendix 6, comprising:

[0169] the position detecting means having a magnetic
sensor;

the ultrasonic probe having;
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[0170]

[0171] a puncture needle having a hollow part to be
stuck into a living body; and

[0172] astylet to be held within the hollow part of the
puncture needle; and

[0173] the multiple magnetic sensors each of which is
provided in the ultrasonic probe and the stylet.

[0174] In this case, since the magnetic sensor is provided
in the stylet, a two-dimensional ultrasonic image rendering
the longitudinal axis of the puncture needle can be auto-
matically displayed at all times even when the puncture
needle to be used has a hollow part in which it is difficult to
provide the magnetic sensor.

[Appendix 8]

[0175] The ultrasonic diagnosis apparatus according to
Appendix 6 or 7,

the therapeutic device having:

[0176] wherein the tomographic plane selecting means is
used for selecting the tomographic plane based on the
position information detected by the position detecting
means and further has manual selecting means for inputting
the selection of a tomographic plane manually.

[0177] In this case, since the automatic selection of a
tomographic plane based on position information and the
manual selection of a tomographic plane can be performed,
the puncture needle can be securely rendered by fine adjust-
ments even when an operation for moving the puncture
needle having released the stylet, for example, within the
affected part in order to improve the efficiency of cell or
tissue extraction. Furthermore, the puncture needle can be
securely rendered by fine adjustments even when the accu-
racy of the sensor decreases due to the poor surrounding
atmosphere of the magnetic field.

[Appendix 9]

[0178] The ultrasonic diagnosis apparatus according to
any one of Appendices 1 to 8,

[0179] wherein the ultrasonic probe has multiple ultra-
sonic transducers aligned two-dimensionally.

[0180] In the ultrasonic probe having multiple ultrasonic
transducers aligned two-dimensionally, a tomographic plane
may be selected from ultrasonic volume data during a
scanning operation, and the selected tomographic plane may
be displayed as a two-dimensional ultrasonic image.

[Appendix 10]

[0181] The ultrasonic diagnosis apparatus according to
Appendix 1,

[0182] wherein the ultrasonic probe is an ultrasonic probe
which can be inserted to a body cavity for use.

[0183] In the ultrasonic probe to be inserted to a body
cavity for use, a tomographic plane may be selected from
ultrasonic volume data during a scanning operation, and the
selected tomographic plane may be displayed as a two-
dimensional ultrasonic image.

[Appendix 11]

[0184] The ultrasonic diagnosis apparatus according to
any one of Appendices 1 to 5,
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[0185] wherein the ultrasonic probe has a therapeutic
device channel through which a therapeutic device can be
held.

[0186] In the ultrasonic probe having a therapeutic device
channel through which a therapeutic device can be held, a
tomographic plane may be selected from ultrasonic volume
data during a scanning operation, and the selected tomo-
graphic plane may be displayed as a two-dimensional ultra-
sonic image.

[0187] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
be understood that the present invention is not limited to
those precise embodiments and various changes and modi-
fications thereof could be made by one skilled in the art
without departing from the spirit or scope of the invention as
defined in the appended claims.

What is claimed is:
1. An ultrasonic diagnosis apparatus comprising:

an ultrasonic probe for three-dimensionally scanning
ultrasonic wave in a living body;

volume data creating means for creating ultrasonic vol-
ume data based on an ultrasonic signal captured by the
ultrasonic probe;

tomographic plane selecting means for selecting a tomo-
graphic plane from the ultrasonic volume data; and

a display device for displaying the tomographic plane
selected by the tomographic plane selecting means as a
two-dimensional ultrasonic image during the scanning
operation.

2. The ultrasonic diagnosis apparatus according to claim

1,

wherein the tomographic plane selecting means has
manual selecting means for inputting the selection of a
tomographic plane manually.
3. The ultrasonic diagnosis apparatus according to claim
2,

wherein the ultrasonic probe has an operating portion for
operations by the hand; and

the manual selecting means is provided in the operating
portion of the ultrasonic probe.
4. The ultrasonic diagnosis apparatus according to claim
25

wherein the manual selecting means includes a foot
switch for inputting the selection by the foot.
5. The ultrasonic diagnosis apparatus according to claim
1,

wherein the tomographic plane selecting means is con-
figured to select a tomographic plane from the ultra-
sonic volume data by designating the angle of rotation
about the axis of rotation, which is a straight line
through two points designated on the ultrasonic volume
data.

6. The ultrasonic diagnosis apparatus according to claim

1, further comprising:

the ultrasonic probe is configured to have a therapeutic
device channel through which a therapeutic device can
be held;
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the ultrasonic probe having:

a therapeutic device to be held through the therapeutic
device channel; and

position detecting means for detecting the position of
the ultrasonic probe and the position of the thera-
peutic device,

wherein the tomographic plane selecting means selects
the tomographic plane based on the position informa-
tion detected by the position detecting means.
7. The ultrasonic diagnosis apparatus according to claim
6, comprising:

the position detecting means having a magnetic sensor;
the therapeutic device having;

a puncture needle having a hollow part to be stuck into
a living body; and

astylet to be held within the hollow part of the puncture
needle; and

the multiple magnetic sensors each of which is provided
in the ultrasonic probe and the stylet.
8. The ultrasonic diagnosis apparatus according to claim
65
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wherein the tomographic plane selecting means is used
for selecting the tomographic plane based on the posi-
tion information detected by the position detecting
means and further has manual selecting means for
inputting the selection of a tomographic plane manu-
ally.

9. The ultrasonic diagnosis apparatus according to claim

1,

wherein the ultrasonic probe has multiple vltrasonic trans-
ducers aligned two-dimensionally.

10. The ultrasonic diagnosis apparatus according to claim
15

wherein the ultrasonic probe is an ultrasonic probe which
can be inserted to a body cavity for use.

11. The ultrasonic diagnosis apparatus according to claim
1,

wherein the ultrasonic probe has a therapeutic device
channel through which a therapeutic device can be
held.



RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

EHA

IPCH 35

CPCHRF

L 5ER
S EREEEE

BEX)

BEARANBFERIMRESE BEFKARE  EEATEEDSE
RN=4HHEEFRNER KRR EFREGTESs , ATETHE
FRESHRNBEFKES RZEFRERKE. BFRNAER , —4%
BGEEied , B2  PEK , THE/ZEFRs NERZHEHS , ATE
T E B SR E LA AE R A BB F R RBIE TR MR FE. FENEE
FRHNBEEREAKE | UARATRESHEREREEZENEZR FEER
NogEEEREEN SRR,

patsnap

B 12 i

US20070167769A1 [ (r&)B 2007-07-19
US11/646966 FER 2006-12-28
HMBHET RS

BRMBHES RERGERLA.

BMBHET RERGBRAT.

IKUMA SOICHI
KAWASHIMA TOMONAO
KOMURO MASAHIKO
OTANI SHUJI

ADACHI HIDEO

IKUMA, SOICHI
KAWASHIMA, TOMONAO
KOMURO, MASAHIKO
OTANI, SHUJI

ADACHI, HIDEO

A61B8/00

A61B8/0833 A61B8/0841 A61B8/12 A61B8/4488 G01S15/8993 A61B8/467 A61B8/483 A61B8/523
G01S7/52074 A61B8/463 A61B8/466

2005380209 2005-12-28 JP

Espacenet USPTO

1: ULTRASONIC ENDOSCOPE
11:INSERTION  12-OPERATING 3
PORTION

PORTION _  19: Two-DIMENSIONAL
‘ ' INAGE SELECT KNOB
HONITOR
2: ULTRASONIC
OBSERVING

13: END 14: BENDING  15; FLEXIBLE
PART \ PART PART
TRANSWISSION /i reasonic IAGE \ APPARATUS

16: ULTRASONIC DRIVE :smwu. SELECT SIGNAL
TRANSDUCER /

7

~—

17a

S j N\ (;) 51
WAVE ~ 17:FORCEPS 17b—— ECHO SIGNAL

ULTRASONIC

CHANREL 18: BEND KNOB
4c: SECOND-POINT
4e: TWO-DIMENSIONAL D+ FIRSTPOINT \ DESIGNATE KEY|

MAGE SELECT KEY (-) \DESIGNATE KEY

4d. THO-DIMENSIONAL

4: KEYBOARD

5: TRACK BALL


https://share-analytics.zhihuiya.com/view/5b351d36-8802-4e0e-bf43-0301c263e89e
https://worldwide.espacenet.com/patent/search/family/037897729/publication/US2007167769A1?q=US2007167769A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070167769%22.PGNR.&OS=DN/20070167769&RS=DN/20070167769

