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(54) Ultrasonic puncture needle

(57) A puncture needle capable of clear imaging
even if an angle to the irradiation direction of a detection
wave such as an ultrasonic wave of an ultrasonic probe
is small. According to one embodiment, a ultrasonic
puncture needle (1) that conducts puncturing while ob-
serving a puncturing condition by means of a ultrasonic
image is formed with an edge (13) at the tip end of a
puncture needle main body (11), and formed at a spec-
ified position of the puncture needle main body (11) with

FIG.1A

1 PUNCTURE NEEDLE

13 EDGE

14 EDGE SURFACGE

atleast one corner cube mirror (12) formed by a triangular
pyramid recess. Since a ultrasonic wave oscillated from
the ultrasonic probe is reflected off the corner cube mirror
(12) to be returned to the ultrasonic probe, the reflected
wave progresses in the same direction as the incident
direction of the ultrasonic wave to be positively returned
to the probe even when an angle formed by the irradiation
route of a ultrasonic wave and the axis of the puncture
needle is small.
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Description

[0001] The presentinvention relatestoapuncture nee-
dle for a medical application, and more particularly, to a
puncture needle used under displaying ultrasonic image.
[0002] In the medical field, a puncture needle (biopsy
needle, insulated electrode needle) is used, for example,
for gathering a part of a tissue or a cell of a human or-
ganism is gathered for the purpose of diagnostic confir-
mation of a lesion, or for precisely finding a location of a
nerve. For this case, an ultrasonic diagnostic equipment
is used from a requirement of precisely recognizing a
location of the puncture needle, particularly a location of
tip end thereof. For example, in a case of using a biopsy
needle, needle puncturing is conducted while observing
an ultrasonic echo from the tip end of the puncture needle
by displaying a pictorial image, to precisely finding as to
whether a tissue collecting part of the tip end of the punc-
ture needle (a needle point or a notch) reaches the lesion.
Further, this biopsy needle often has a dual structure
comprising an inner tube and an outer tube.

[0003] On the other hand, another puncture needle
called as an insulated electrode block needle in general
has a single tube structure (single-needle), in that an
electrical insulation coating is provided on a surface of
the needle tube except an edge surface thereof. The in-
sulated electrode block needle is generally used for
searching the nerve by using a muscle contraction
caused by an electric stimulation, in order to conduct a
nerve block by dosing anesthetics or painkiller to the
nerve. In recent years, a manual technique to puncture
the needle while observing the ultrasonic image together
with energization by a conventional nerve stimulator
(puncturing under irradiation of the ultrasonic wave and
confirmation by the nerve stimulator) has been widely
used in an approach of the nerve search.

[0004] The ultrasonic image is an image obtained by
irradiating an ultrasonic wave from an ultrasonic probe
(ultrasonic transducer) as a transmitting and receiving
device of the ultrasonic wave to the puncture needle via
a medium, receiving a reflected wave (ultrasonic echo)
from the puncture needle at the ultrasonic probe, and
conducting an image processing on the reflected wave
to display an image on a display unit.

[0005] As the conventional puncture needles to be
used while displaying the ultrasonic image, for example,
a puncture needle provided with a protrusion, a V-groove
or the like at its outer periphery surface of the tip end (for
example, see patentdocument 1), a puncture needle pro-
vided with a circular groove at its outer periphery surface
(for example, see patent documents 2, 3), a puncture
needle provided with an enhanced portion comprising a
cylindrical protruding portion and a circular groove at its
tip end (for example, see patent documents 4, 5) are
known. Configuration of the protrusion, the groove and
the like provided at the tip end of any of these puncture
needles is designed for easily generating a reflection of
the ultrasonic wave.
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Patentdocument 1: Japanese Patent Laid-Open No.
3-228748

Patentdocument 2: Japanese Patent Laid-Open No.
11-76254

Patent document 3: Japanese Utility Model Laid-
Open No. 3-73113

Patentdocument4: Japanese Patent Laid-Open No.
2004-181095

Patentdocument 5: Japanese Patent Laid-Open No.
2003-144436

[0006] However, according to the conventional punc-
ture needles in which the ultrasonic wave is reflected
back by machining the tip end, an angle made by an
irradiation path of the ultrasonic wave and an axis of the
puncture needle is small. In particular, when the angle is
not great than 45°, a level of the ultrasonic echo returned
tothe ultrasonic probe is decreased, so that the ultrasonic
image of the puncture needle becomes unclear, and as
a result, it is difficult to recognize a precise location of
the puncture needle.

[0007] Accordingly, it is an object of the invention to
provide a puncture needle, which can be clearly imaged,
even though an angle made by an irradiation angle of a
detection wave such as an ultrasonic wave of an ultra-
sonic probe and an axis of the puncture needle is small.
[0008] According to a feature of the present invention,
so as to solve the above problem, an ultrasonic puncture
needle for conducting puncturing while observing a punc-
turing condition by an ultrasonic image, comprising+ a
needle tube main body comprising an edge at its tip end
characterized in that: at least one corner cube mirror con-
figured by three mirror surfaces that are perpendicular
to each other is provided at a predetermined position of
the needle tube main body. Herein, the needle tube main
body’ may comprise an inner needle or an outer needle
of adouble needle, a single tube structure, or other kinds
of needles. The corner cube mirror is provided at an outer
surface or an edge surface thereof, regardless the needle
tube main body comprises the inner needle, the outer
needle, or the single tube structure.

[Effects of the Invention]

[0009] According to the puncture needle of the present
invention, it is possible to clearly image a needle tube
main body, particular a tip end of the needle tube main
body, even though an angle made by an irradiation angle
of a detection wave such as an ultrasonic wave of an
ultrasonic probe and an axis of the puncture needle is
small.

FIG.1 shows a puncture needle in a preferred em-
bodiment according to the present invention, where-
in FIG.1A is a perspective view thereof, and FIG.1B
is a cross sectional view thereof along A-A line in
FIG.1A;

FIG.2 shows a corner cube mirror shown in FIG.1,
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wherein FIG.2A is an explanatory diagram showing
a structure and a function of the corner cube mirror,
and FIG.2B is an explanatory diagram showing an
example of application; and

FIG.3 shows a double needle provided with the cor-
ner cube mirror, wherein FIG.3A is a perspective
view of a structure in which the corner cube mirror
is provided at an edge surface of an inner needle,
and FIG.3B is a perspective view of a structure in
which the corner cube mirror is provided at an inner
periphery surface of an outer needle.

[Reference numerals]

[0010]

1 puncture needle

11 puncture needle main body

12 corner cube mirror

12a, 12b, 12c first to third mirror surfaces

13 edge

14 edge surface

20 ultrasonic probe

21 outer needle

22 edge surface of the inner needle
24 edge surface of the outer needle
30 double needle

[0011] FIG.1 shows a puncture needle in a preferred

embodiment according to the present invention. In FIG.
1, FIG.1A is a perspective view thereof, and FIG.1B is
a cross sectional view thereof along A-A line in FIG.1A
[0012] An ultrasonic puncture needle (hereinafter re-
ferred as "puncture needle") 1, which is a needle tube,
comprises a puncture needle main body 11 which is a
needle tube main body comprising a metal capillary made
of stainless steel or the like, and a plurality of corner cube
mirrors 12 provided at an outer surface (outer periphery
surface) of a tip end of the puncture needle main body 11.
[0013] The puncture needle main body 11 comprises
an edge 13 including an edge surface 14 made by diag-
onally cutting its tip portion. The corner cube mirror 12
comprises a triangular pyramid-shaped recess provided
at a surface of the puncture needle main body 11 at a
region in vicinity of the edge 13, and the corner cube
mirrors 12 are formed along three lines with a predeter-
mined interval in a circumferential direction of the punc-
ture needle main body 11. For example, the corner cube
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mirrors 12 are disposed with an interval of 45° with re-
spect to a center of the needle tube, and eight mirrors
are formed per one line. In addition, the number of the
corner cube mirrors 12 to be used and the number of
lines are not limited to eight and three respectively as
described above, and may be arbitrary numbers. The
corner cube mirrors 12 are provided at the surface of the
puncture needle main body 11, however, the present in-
vention is not limited thereto, and may be provided at an
inner periphery surface of the puncture needle main body
11 or both of them.

[0014] It is preferable to form the corner cube mirror
12 in vicinity of the edge 13, so as to clarify an imaging
of the tip end. For example, the corner cube mirror 12
may be formed by electric discharge machining. Alterna-
tively, the corner cube mirror 12 may be punched by a
tool such as punches.

[0015] FIG.2 shows a function of the corner cube mir-
ror. This corner cube mirror 12 is configured by three
mirror surfaces that are perpendicular to each other, and
an incident wave is reflected back by the three mirror
surfaces, and emitted as an output wave that is parallel
to the incident wave.

[0016] AsshowninFIG.2A, threefaces (ABFE, EFGH,
AEHD) of a cube (ABCD-EFGH) are provided as mirror
surfaces, and AFH is opened. An opening with a trian-
gular-pyramid shape having a base point E and a top
face AFH is provided as the corner cube mirror 12.
[0017] InFIG.2A, anincidentwave L whichisincident
to the corner cube mirror 12 is reflected at a reflecting
point R4 of a first mirror surface 12a in the AEHD face to
provide a reflected wave L,, the reflected wave L, is re-
flected at a reflecting point R, of a second mirror surface
12b in the ABFE face to provide a reflected wave L5, and
the reflected wave L, is reflected at a reflecting point Ry
of a third mirror surface 12c in the EFGH face to provide
an output wave L,.

[0018] InFIG.2B, the incident wave L, is emitted from
an ultrasonic probe 20, and the output wave L, is received
by the ultrasonic probe 20. According to this structure it
is possible to detect the edge 13 including the edge sur-
face 14 of the puncture needle main body 11 of the punc-
ture needle 1 by virtue of the corner cube mirrors 12.
[0019] As described above, the incident wave and the
reflected wave of the ultrasonic wave which is incident
to the corner cube mirrors 12 are parallel or substantially
parallel to each other. Therefore, the ultrasonic wave
transmitted from the ultrasonic probe 20 is necessarily
reflected at the corner cube mirror 12 to be returned to
the ultrasonic probe 20, so that the reflected wave is di-
rected to an output direction of the incident wave of the
ultrasonic wave and surely returned to the ultrasonic
probe 20 that is an emitting side of the ultrasonic wave,
even when the angle made by the irradiation path of the
ultrasonic wave and the axis of the puncture needle is
small.

[0020] FIG.3 shows a double needle 30 provided with
the corner cube mirrors, wherein FIG.3A is a perspective
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view of the double needle 30 in which an inner needle
(no reference numeral) having an edge surface 22 is in-
serted into an outer needle 21 having an edge surface
24, and FIG.3B is a perspective view of the outer needle
21 from which the inner needle is detached.

[0021] In FIG.3A, the inner needle comprises the cor-
ner cube mirrors 12 provided on the edge surface 22.
According to this structure, it is possible to precisely de-
tect a tip end of the double needle 30.

[0022] InFIG.3B,the corner cube mirror12is provided
on an inner periphery surface of the edge surface 24 of
the outer needle 21. According to this structure, it is pos-
sible to precisely detect a tip end of the outer needle 21
in the state that the inner needle is detached.

[0023] According to this preferred embodiment, follow-
ing effects can be obtained.

(a) By providing the puncture needle with the corner
cube mirror, the incident wave and the reflected
wave of the ultrasonic wave in the puncture needle
are made parallel or substantially parallel to each
other, so that the ultrasonic wave output from the
ultrasonic probe is reflected at the puncture needle
and returned to the ultrasonic probe. Therefore, even
though the angle made by the irradiation path of the
ultrasonic wave and the axis of the puncture needle
is reduced, the ultrasonic wave is reflected by the
corner cube mirror and returned to the ultrasonic
probe, so thatitis possible to clearly image the punc-
ture needle, particularly, the tip end thereof.

(b) By providing the corner cube mirror in vicinity of
the edge, it is possible to clarify the imaging of the
tip end.

(c) By providing a plurality of the corner cube mirrors
at a periphery of the puncture needle, the incident
wave and the reflected wave of the ultrasonic wave
in the puncture needle are made parallel or substan-
tially parallel to each other regardless the orientation
of the puncture needle, so that it is possible to clearly
image the puncture needle regardless the orienta-
tion of the puncture needle.

(d) By providing the corner cube mirrors in plural
lines, it is possible to surely generate the reflected
wave.

(e) Since the corner cube mirror has a good reflecting
efficiency, so that it is possible to obtain a good re-
flecting property regardless the type of the puncture
needle. In particular, by providing the corner cube
mirror at the outer surface of the inner needle of the
double needle, it was possible to obtain an excellent
reflecting property by a synergistic effect with an air
layer existing between the inner needle and the outer
needle. However, it was also possible to obtain the
excellent reflecting property according to a structure
in which the corner cube mirror is provided at an
outer surface of the single tube structure and a coat-
ing is provided at the outer periphery thereof.
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[0024] The present invention is not limited to the pre-
ferred embodiment described above, and may be mod-
ified without going beyond or transforming a technical
concept of the present invention.

[0025] For example, the presentinvention may be ap-
plied to all puncture needles to be punctured to a target
while observing a location of the needle tube punctured
into the human body by the ultrasonic echo, such as a
PTC (Percutaneous Transhepatic Cholangiography)
needle for cholangiography, a puncture needle for an ul-
trasonic endoscope, and the like.

[0026] In case that a fluorine resin is coated on a part
other than the edge 13 in the puncture needle provided
with the corner cube mirror 12, in order to compose an
insulated electrode block needle, it possible to clearly
image the insulated electrode block needle, similarly to
the above. By the way, since the conventional insulated
electrode block needle does not comprise the corner
cube mirror 12, the image was unclear due to an atten-
uation caused by the insulation coating.

[0027] In addition, the present invention is not limited
to the use of the ultrasonic wave, and may be applied,
for example, to a light such as a laser beam, electron
beam, or the like. Therefore, the present invention may
be applied to an application for confirming a location of
an article to be detected such as needle by using the
reflected wave of an electromagnetic wave by the corner
cube mirror. Further, the reflecting surface of the corner
cube mirror 12 is not necessarily a plane surface.
[0028] The corner cube mirror formed at the outer sur-
face of the needle tube can generate the reflected wave
that is parallel or substantially parallel to the incident
wave of the detection wave of the ultrasonic wave or the
like, so that it is applicable to a purpose for clarifying the
image of the needle tube existing in a range to which the
detection wave of the ultrasonic wave or the like output
from the ultrasonic probe or the like reaches, forexample,
a medical apparatus and a medical equipment.

Claims

1. An ultrasonic puncture needle for conducting punc-
turing while observing a puncturing condition by an
ultrasonic image, comprising:

a needle tube main body comprising an edge at
its tip end; and

at least one mirror portion provided at a prede-
termined position of the needle tube main body,

characterized in that the mirror portion comprises
a first mirror surface, a second mirror surface and a
third mirror surface, each of which has a reflecting
direction of a detection wave different from each oth-
er, the first to third mirror surfaces are located to be
adjacent to each other, and the first to third mirror
surfaces have a base point E as a common point.
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The ultrasonic puncture needle, according to Claim
1, wherein the mirror portion comprises a triangular-
pyramid shape.

The ultrasonic puncture needle, according to Claim
1, wherein an apex of an opening of the mirror portion
and the base point E are formed along a straight line
parallel to a pipe axis.

The ultrasonic puncture needle, according to Claim
1, wherein the mirror portion receives the detection
wave and reflects a reflected wave which is parallel
or substantially parallel to the detection wave.

The ultrasonic puncture needle, according to Claim
1, wherein the first mirror surface receives the de-
tection wave and reflects a first reflected wave, and
the third mirror surface receives the first reflected
wave via the second mirror surface and reflects a
second reflected wave that is parallel or substantially
parallel to the detection wave.

The ultrasonic puncture needle, according to Claim
5, wherein second reflected wave is directed to an
output direction of the detection wave.

The ultrasonic puncture needle, according to Clam
1, wherein the mirror portion is provided at an outer
surface of the needle tube main body.

The ultrasonic puncture needle, according to Claim
1, wherein the mirror portion is provided at an edge
surface of the needle tube main body.

The ultrasonic puncture needle, according to Claim
7, wherein a plurality of mirror portions are formed
in plural lines in a longitudinal direction of the outer
surface of the needle tube main body.

The ultrasonic puncture needle, according to Claim
1, wherein the needle tube main body comprises a
single tube structure, an inner needle of a double
needle or an outer needle of the double needle.

The ultrasonic puncture needle, according to Claim
10, wherein the mirror portion is provided at an inner
surface of an edge of the outer needle.

The ultrasonic puncture needle, according to Claim
1, wherein the needle tube main body is provided
with a resin coating at a part other than the edge.

The ultrasonic puncture needle, according to Claim
1, wherein the mirror portion is formed by electric
discharge machining.

The ultrasonic puncture needle, according to Claim
1, wherein the mirror portion is punched.
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15.

16.

17.

18.

19.

20.

21.

22,

23.

The ultrasonic puncture needle, according to Claim
1, wherein at least one of the first to third mirror sur-
faces is not a plane surface.

An ultrasonic puncture needle for conducting punc-
turing while observing a puncturing condition by an
ultrasonic image, comprising:

a needle tube main body comprising an edge at
its tip end; and

at least one corner cube mirror provided at a
predetermined position of the needle tube main
body.

The ultrasonic puncture needle, according to Clam
16, wherein the corner cube mirror is provided at an
outer surface of the needle tube main body.

The ultrasonic puncture needle, according to Claim
16 or 17, wherein the corner cube mirror is provided
at an edge surface of the needle tube main body.

The ultrasonic puncture needle, according to Claim
17, wherein a plurality of the corner cube mirrors are
formed in plural lines in a longitudinal direction of the
outer surface of the needle tube main body.

The ultrasonic puncture needle, according to any
one of Claims 16 to 19, wherein the needle tube main
body comprises a single tube structure, aninner nee-
dle of a double needle or an outer needle of the dou-
ble needle.

The ultrasonic puncture needle, according to Claim
20, wherein the corner cube mirror is provided at an
inner surface of an edge of the outer needle.

The ultrasonic puncture needle, according to Claim
16 or 21, wherein the needle tube main body is pro-
vided with a resin coating at a part other than the
edge.

A puncture needle comprising a detection hole for
reflecting a detection wave, wherein the detection
hole comprises a first reflecting surface for receiving
the detection wave from outside the puncture needle
and reflecting a first reflected wave, and a third re-
flecting surface for receiving the first reflected wave
via a second reflecting surface and reflecting a sec-
ond reflected wave that is parallel or substantially
parallel to the detection wave.
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FIG.2A
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