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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasonic
puncture needle used by being inserted into the body
cavity for performing suctioning biopsy, performing an
injection, or the like.

2. Description of the Related Art

[0002] Conventionally, methods are known wherein
puncture needle pierces body tissue so as to reach an
affected portion within the body cavity, which is to be
examined under ultrasonic observation, so as to sample
tissue within the body cavity or body fluid. In these meth-
ods, the aforementioned puncture needle is inserted in-
to the portion which is to be examined, e.g., digestive
organ walls such as the stomach, duodenum, or the like,
and furthermore, deep internal organs such as the
spleen, liver, kidney, or the like, while observing the body
cavity using an ultrasonic endoscope.

[0003] Withthese methods, the puncture needle is re-
quired to be inserted with a suitable insertion depth. That
is to say, in the event that the puncture needle is inserted
with too great a depth or too small a depth, the tip of the
puncture needle does not stop at the portion which is to
be examine. In this case, sampling of tissue within the
body cavity, body liquid, or the like, at a desired portion
cannot be performed.

[0004] With conventionally-used ultrasonic puncture
needles (which will be referred to as "puncture needles"
hereafter), the ultrasonicimages of the puncture needle,
generated from ultrasonic waves reflected from the sur-
face of the puncture needle, cannot be clearly displayed
in ultrasonic observation images. The reason is that the
puncture needle is formed with an outer diameter of less
than 1 mm, and accordingly, sufficient reflection echoes
do not occur due to reflection from the surface of the
puncture needle, leading to unclear ultrasonic images
of the puncture needle having a low contrast in ultrason-
ic observation images. Accordingly, the surgeon cannot
obtain the precise information with regard to the position
of the tip of the puncture needle as to the portion which
is to be examined, and the distance therebetween.
[0005] Inorderto solve the above-described problem,
an arrangement has been disclosed in Japanese Unex-
amined Patent  Application  Publication  No.
2003-190179, which includes a needle tube 30 in the
shape of a pipe having a configuration as shown in Figs.
1A and 1B. The needle tube 30 includes multiple stag-
gered-array doughnut-shaped recesses 32 formed at
predetermined positions on the surface of the tip portion
31 thereof. Thus, in the event that the ultrasonic waves
are cast onto the needle tube 30 from directions perpen-
dicular to the longitudinal direction of the needle tube
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30, or even in the event the ultrasonic waves are cast
from directions other than the perpendicular directions,
the ultrasonic waves are reflected with great intensity in
the incident direction, and thus the images of the needle
tube are clearly displayed in the ultrasonic observation
images.

[0006] Then, in the event that the surgeon protrudes
the needle tube 30 from a treatment tool insertion chan-
nel (not shown) of an ultrasonic endoscope 34 with the
positional relationship between the needle tube 30 and
the ultrasonic endoscope 34 being such that a cutting-
tip portion 33a faces the scanning face 35a of an ultra-
sonic transducer 35 within the ultrasonic scanning range
35b, as shown in Fig. 1C, it is checked that an image of
the tip portion of the needle tube and the end of the cut-
ting-tip portion is displayed in the ultrasonic observation
image.

[0007] However, in the event that the surgeon pro-
trudes the needle tube 30 from the unshown treatment
tool insertion channel of the ultrasonic endoscope 34
with the positional relation between the needle tube 30
and the ultrasonic endoscope 34 being such that the
back-of-cutting-tip portion 33b faces the scanning face
35a of the ultrasonic transducer 35 within the ultrasonic
scanning range 35b, as shown in Fig. 1D, a needle tube
image 30a is displayed in the ultrasonic observation im-
age 36 as shown in Fig. 1E. As shown in Fig. 1E, an
unimaged portion 37 denoted by broken lines occurs be-
tween a cutting-tip-side image 33c with a narrow width
representing the tip of the cutting-tip portion 33a, and a
needle-tube-surface image 31a representing the sur-
face of the tip portion 31 including the doughnut-shaped
recesses, in the needle tube image 30a.

[0008] Inthe eventthatthe surgeoninserts the needle
tube, which creates an image such as the needle tube
image 30a in the ultrasonic observation image 36, into
a small-sized affected portion near the wall of the body
cavity, two problems occur. One is that the needle tube
is protruded with a short length, and accordingly, the
needle-tube-surface image 31a on the rear side of the
unimaged portion 37 cannot be observed. The other is
that the wall of the body cavity is imaged with a great
intensity due to a high echo density, leading to difficulty
in observing the cutting-tip-side image 33c. As a result,
these problem leads to a disadvantageous situation
wherein the surgeon cannot easily obtain the informa-
tion with regard to the positional relation between the
tube needle and the tissue within the body cavity at the
time of insertion of the puncture needle.

[0009] Accordingly, itis an object of the presentinven-
tion to provide an ultrasonic puncture needle which cre-
ates a needle tube image with a small-sized unimaged
portion in an ultrasonic observation image so that the
surgeon can easily insert the puncture needle into the
portion which is to be examined, in a sure manner.
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SUMMARY OF THE INVENTION

[0010] An ultrasonic puncture needle according to the
present invention comprises a sheath which is inserted
into a treatment tool insertion channel of an ultrasonic
endoscope, and a needle tube for being inserted into
tissue within the body cavity through the sheath, which
included multiple staggered-array doughnut-shaped re-
cesses over a predetermined range on the surface of
the tip portion of the needle tube from the portion near
the tip of the needle tube. Accordingly, a needle tube
image with small-sized unimaged portion is generated
in an ultrasonic observation image.

Thus, the surgeon can perform insertion of the puncture
needle into the portion which is to be examined, in a sure
manner.

[0011] The above and other objects, features and ad-
vantages of the invention will become more clearly un-
derstood from the following description referring to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Fig. 1A is a side view for describing the configura-
tion of the tip portion of a conventional needle tube;
Fig. 1B is a bottom view for describing the configu-
ration of the tip portion of a conventional needle
tube;

Fig. 1C is a diagram for describing the positional
relation between the needle tube and the ultrasonic
endoscope, wherein the cutting-tip portion faces the
scanning face of the ultrasonic transducer, at the
time of the surgeon protruding the conventional
needle tube from the treatment tool insertion chan-
nel of the ultrasonic endoscope.

Fig. 1D is a diagram for describing the positional
relation between the needle tube and the ultrasonic
endoscope, wherein the back of the cutting-tip por-
tion faces the scanning face of the ultrasonic trans-
ducer, at the time of the surgeon protruding the con-
ventional needle tube from the treatment tool inser-
tion channel of the ultrasonic endoscope.

Fig. 1E is a diagram for describing a needle tube
image in an ultrasonic observation image generat-
ed due to the conventional needle tube in the posi-
tional relation wherein the back of the cutting-tip
portion of the conventional needle tube faces the
scanning face of the ultrasonic transducer.

Fig. 2 is a diagram for describing an ultrasonic punc-
ture needle;

Fig. 3A is a side view of the tip portion of a needle
tube according to the present invention;

Fig. 3B is a top view of the tip portion of the needle
tube according to the present invention;

Fig. 3C is a bottom view of the tip portion of the nee-
dle tube according to the present invention;
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Fig. 4 is a schematic drawing showing the needle
tube in an unfurled manner, for describing an array
pattern of doughnut-shaped recesses included on
the tip portion of the needle tube;

Fig. 5 is a cross-sectional view taken along line 4-4
in Fig. 3A;

Fig. 6A is a diagram which shows the positional re-
lation between the needle tube and an ultrasonic
endoscope, wherein the back of a cutting-tip portion
of the needle tube faces the scanning face of an
ultrasonic transducer, at the time of the surgeon
protruding the needle tube of the ultrasonic punc-
ture needle from a treatment tool insertion channel
of the ultrasonic endoscope;

Fig. 6B is a diagram which shows an ultrasonic im-
age generated in the positional relation shown in
Fig. 6A;

Fig. 7A is a diagram which shows the positional re-
lation between the needle tube and the ultrasonic
endoscope, wherein the side of the cutting-tip por-
tion of the needle tube faces the scanning face of
the ultrasonic transducer, at the time of the surgeon
protruding the needle tube of the ultrasonic punc-
ture needle from the treatment tool insertion chan-
nel of the ultrasonic endoscope;

Fig. 7B is a diagram which shows an ultrasonic im-
age generated in the positional relation shown in
Fig. 7A;

Fig. 8A is a diagram which shows the positional re-
lation between the needle tube and the ultrasonic
endoscope, wherein the cutting-tip portion of the
needle tube faces the scanning face of the ultrason-
ic transducer, at the time of the surgeon protruding
the needle tube of the ultrasonic puncture needle
from the treatment tool insertion channel of the ul-
trasonic endoscope; and

Fig. 8B is a diagram which shows an ultrasonic im-
age generated in the positional relation shown in
Fig. 8A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Description will be made below regarding em-
bodiments of the present invention with reference to the
drawings.

[0014] As shown in the drawings, an ultrasonic punc-
ture needle 1 according to the present embodiment prin-
cipally comprises a sheath 2, a needle tube 3, and an
operating portion 4.

[0015] The aforementioned sheath 2 is inserted into
a treatment tool insertion channel of an endoscope, for
example. The aforementioned operating portion 4
serves as a holding portion, as well, and is disposed at
the base portion of the aforementioned sheath 2. The
needle tube 3 is formed of a slender stainless pipe with
a small tube thickness, for example. The needle tube 3
includes a puncturing portion 6 having a sharp cutting-
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tip portion 3a or the like, at the tip thereof. The needle
tube 3 is slidably disposed within the sheath 2 through
the operating portion 4.

[0016] Note that an arrangement may be made
wherein a stylette 7 having a sharp-shaped tip is detach-
ably disposed within the through hole of the aforemen-
tioned needle tube 3.

[0017] Next, description will be made regarding the tip
portion of the needle tube 3 with reference to Figs. 3A
through 5.

[0018] As shown in Figs. 3A through 4, a tube portion
3b forming the puncturing portion 6 provided in a prede-
termined range from the portion near the tip of the afore-
mentioned needle tube 3 includes multiple staggered-
array doughnut-shaped recesses 5 on the surface
thereof, serving as so-called ultrasonic wave reflection
means for reflecting ultrasonic waves. The multiple
doughnut-shaped recesses 5 are formed so as to not
have adverse effects upon the aforementioned cutting-
tip portion 3a. These multiple doughnut-shaped recess-
es 5 are formed on the tip side of the tube portion 3b
with a great density from a predetermined portion on a
back-of-cutting-tip portion 3c on the back side of the
aforementioned cutting-tip portion 3a so as to be formed
on the tube portion 3b in a radial pattern. The aforemen-
tioned multiple staggered-array doughnut-shaped re-
cesses 5 are formed on the tube portion 3b using a YAG
laser apparatus or an electric discharge machining ap-
paratus under predetermined control set so as to form
a staggered-array pattern.

[0019] Asshownin Fig. 5, the aforementioned dough-
nut-shaped recesses 5 are formed with the faces 5¢ of
the bottoms and the sides, each generally flat in the
cross-sectional view thereof, so as to obtain reflection
echoes with a great intensity for the incident ultrasonic
waves with a shallow incident angle or the like. These
doughnut-shaped recesses 5 are formed using the YAG
laser with a laser beam spot diameter set to 0.1 mm un-
der positioning control for the laser beam and the needle
tube 3, for example. Specifically, with regard to each
doughnut-shaped recess, a ring-shaped recess 5b with
a predetermined width (W) formed at a predetermined
position on the needle tube 3, whereby the center por-
tion thereof remain as protrusion 5a with a predeter-
mined size, as shown in Figs. 4 and 5.

[0020] Next, description will be made regarding the
operation of the ultrasonic puncture needle 1 having the
above-described configuration in a case of the surgeon
protruding the needle tube 3 thereof from the treatment
tool insertion channel of the ultrasonic endoscope, with
reference to Figs. 6A through 8B.

[0021] First, as shown in Fig. 6A, the needle tube 3 is
protruded from an unshown treatment tool insertion
channel of an ultrasonic endoscope 9 so as to be posi-
tioned within the ultrasonic scanning range 9c of an ul-
trasonic transducer 9a. Now, let us say that the back-of-
cutting-tip portion 3c of the needle tube 3 faces in the
direction of the ultrasonic transducer 9a. In this case, as
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shown in the top view in Fig. 3b, the doughnut-shaped
recesses 5 formed on the tube portion 3b in the range
from the doughnut-shaped recess 5 at the base thereof
up to the first doughnut-shaped recess 5d at the tip
thereof face the scanning face 9b of the ultrasonic trans-
ducer 9a.

[0022] Thus, asshowninFig. 6B, a needle tube image
13ais displayed in an ultrasonic observation image 10A.
The needle tube image 13a contains a needle-tube-tip
image 11 due to the ultrasonic waves reflected from the
tip of the cutting-tip portion 3a and a needle-tube-sur-
face image 12 representing the tube portion 3b due to
the ultrasonic waves reflected from the doughnut-
shaped recesses 5 formed on the back-of-cutting-tip
portion 3c of the needle tube 3 in a predetermined range
from the portion near the tip thereof.

[0023] The aforementioned needle tube image 13a
forms an ultrasonic image representing the generally
entire needle tube from the tube portion 3b including the
doughnut-shaped recesses 5 up to the tip of the needle
tube. However, more precisely, an unimaged portion 14
occurs between the needle-tube-tip image 11 and the
needle-tube-surface image 12. The aforementioned un-
imaged portion 14 occurs due to the portion having no
doughnut-shaped recesses between the tip of the nee-
dle tube and the first doughnut-shaped recess 5d
formed at the head thereof shown in the top view in Fig.
3B.

However, the unimaged portion 14 occurs with a length
markedly shorter than the length L of an unimaged por-
tion 37 occurring in a needle tube image 30a generated
due to the conventional needle tube 30 denoted by bro-
ken lines.

[0024] Next, the needle tube 3 is protruded from the
unshown treatment tool insertion channel of the ultra-
sonic endoscope 9 so as to be positioned within the ul-
trasonic scanning range 9c of the ultrasonic transducer
9a as shown in Fig. 7A. Now, let us say that one side of
the cutting-tip portion 3a of the needle tube 3 faces in
the direction of the aforementioned ultrasonic transduc-
er 9a. In this case, the doughnut-shaped recesses 5,
formed on the tube portion 3b, including the sides of the
doughnut-shaped recesses 5 in the range from the
doughnut-shaped recess 5 at the base of the tube por-
tion 3b up to the first doughnut-shaped recess 5d at the
head thereof, face the scanning face 9b of the afore-
mentioned ultrasonic transducer 9a, as shown in the
side view in Fig. 3A.

[0025] Accordingly, while the aforementioned scan-
ning face 9b and the doughnut-shaped recesses 5 face
each other in a manner somewhat different from the re-
lation in the above-described case shown in Fig. 6A, the
doughnut-shaped recesses 5 in the range from the
doughnut-shaped recess 5 at the base of the needle
tube 3 up to the first doughnut-shaped recess 5d at the
head thereof face the scanning face 9b generally in the
same way.

[0026] Thus, as shown in Fig. 7B, the needle-tube im-
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age 13ais displayed in an ultrasonic observation image
10B, which contains the needle-tube-tip image 11 and
the needle-tube-surface image 12 with the aforemen-
tioned unimaged portion 14 therebetween, generally in
the same way as shown in Fig. 6B described above. The
unimaged portion 14 occurs with a length markedly
shorter than the length L of the unimaged portion 37 oc-
curring in the needle tube image 30a generated due to
the conventional needle tube 30 denoted by broken
lines.

[0027] Next, the needle tube 3 is protruded from the
unshown treatment tool insertion channel of the ultra-
sonic endoscope 9 so as to be positioned within the ul-
trasonic scanning range 9c of the ultrasonic transducer
9a as shown in Fig. 8A. Now, let us say that the cutting-
tip portion 3a of the needle tube 3 faces the aforemen-
tioned ultrasonic transducer 9a. In this case, the cutting-
tip portion 3a formed of an inclined face having a through
hole 3e, the sides of doughnut-shaped recesses 5e
formed on the side face of the cutting-tip portion 3a, and
the tube portion 3b including the doughnut-shaped re-
cesses 5 formed on the rear side of the base of the cut-
ting-tip portion 3a, face the scanning face 9b of the ul-
trasonic transducer 9a, as shown in the bottom view in
Fig. 3C.

[0028] Thus, a needle-tube image 13b is displayed in
an ultrasonic observation image 10C as shown in Fig.
8B. The needle tube image 13b contains the needle-
tube-tip image 11 generated due to reflection of the ul-
trasonic waves from the tip of the cutting-tip portion 3a,
a needle-tube-rear-portion image 15 generated due to
reflection of the ultrasonic waves from an edge rear por-
tion 3d of the cutting-tip portion 3a, and a needle-tube-
surface image 12a generated due to reflection of the ul-
trasonic waves from the multiple doughnut-shaped re-
cesses 5 formed on the rear side of the cutting-tip por-
tion 3a.

[0029] While the aforementioned needle tube image
13b is an ultrasonic image which represents the gener-
ally entire needle tube in the range from the tube portion
3b including the doughnut-shaped recesses 5 up to the
tip of the needle tube, an unimaged portion 14a occurs
between the needle-tube-tip image 11 and the needle-
tube-rear-portion image 15, as well as unimaged portion
14b occurring between the needle-tube-rear-portion im-
age 15 and the needle-tube-surface image 12.

[0030] The aforementioned unimaged portion 14a oc-
curs due to the portion between the tip of the needle
portion 3a and the edge rear portion 3d, shown in the
bottom view in Fig. 3C. On the other hand, the afore-
mentioned unimaged portion 14b occurs due to the por-
tion between the edge rear portion 3d and doughnut-
shaped recesses 5f formed on the rear side of the cut-
ting-tip portion 3a, shown in the bottom view in Fig. 3C.
While such unimaged portions 14a and 14b occur in the
needle tube image 13b, these unimaged portions 14a
and 14b occurs with lengths markedly shorter than the
length L of the unimaged portion 37 occurring in the nee-
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dle tube image 30a generated due to the conventional
needle tube 30 denoted by broken lines.

[0031] As described above, with the ultrasonic punc-
ture needle according to the present invention, the mul-
tiple staggered-array doughnut-shaped recesses are
formed so as to be spread with a great density over a
predetermined range in a radial pattern from the portion
near the tip of the needle tube, and accordingly, the ul-
trasonic waves output from the ultrasonic transducer are
reflected from the needle tube with a greater intensity
and free of large portions where the ultrasonic waves
are not reflected, thereby displaying a clear needle-tube
image without large-sized unimaged portions on an ul-
trasonic observation image.

[0032] Furthermore, with the ultrasonic puncture nee-
dle according to the present invention, the doughnut-
shaped recesses are formed with a great density in a
predetermined pattern such that the doughnut-shaped
recesses do not have adverse effects upon the insertion
performance of the needle tube.

[0033] Thus, with the ultrasonic puncture needle ac-
cording to the present invention, the surgeon can per-
form precise measurement of the positioning relation
and the distance between the needle tube and the por-
tion which is to be examined, and also can perform in-
sertion of the needle tube in a sure manner, even in the
event that the surgeon performs insertion of the needle
tube into a small-sized affected portion near the wall of
the body cavity.

[0034] 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 modifications 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.

Claims
1. An ultrasonic puncture needle comprising:

a sheath which is inserted into a treatment tool
insertion channel of an ultrasonic endoscope;
and

aneedle tube for being inserted into tissue with-
in the body cavity through the sheath, which in-
cludes a plurality of staggered-array doughnut-
shaped recesses over a predetermined range
on the surface of the tip portion of the needle
tube from the portion near the tip of the needle
tube.

2. An ultrasonic puncture needle according to Claim
1, wherein the plurality of doughnut-shaped recess-
es are arrayed so as to be spread in a radial pattern
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from the tip of the needle tube.

An ultrasonic puncture needle according to Claim
1, wherein the multiple doughnut-shaped recesses
are formed using a laser apparatus or an electric
discharge machining apparatus.

An ultrasonic puncture needle according to Claim
3, wherein the multiple doughnut-shaped recesses
are formed using a laser apparatus or an electric
discharge machining apparatus under positioning
control set so that the doughnut-shaped recesses
have no adverse effects on an cutting-tip portion
forming the needle tube due to overlap of the
doughnut-shaped recesses and the cutting-tip por-
tion.

An ultrasonic puncture needle comprising a needle
tube which is to be inserted into a treatment tool in-
sertion channel of an ultrasonic endoscope so as to
be inserted into tissue within the body cavity, where-
in the needle tube includes a plurality of recesses
over a predetermined range on the surface of the
tip portion thereof from the tip thereof on the back
side of an cutting-tip portion.

An ultrasonic puncture needle according to Claim
5, wherein the plurality of recesses are arrayed so
as to be spread in a radial pattern from the tip of the
needle tube.

An ultrasonic puncture needle according to Claim
5, wherein the plurality of recesses are formed at
positions such that overlap of the recesses and the
cutting-tip portion does not occur.

An ultrasonic puncture needle according to Claim
6, wherein the plurality of recesses are formed at
positions such that overlap of the recesses and the
cutting-tip portion does not occur.

An ultrasonic puncture needle according to Claim
5, wherein the plurality of recesses are formed in a
doughnut shape using a laser apparatus or an elec-
tric discharge machining apparatus.

An ultrasonic puncture needle according to Claim
6, wherein the plurality of recesses are formed in a
doughnut shape using a laser apparatus or an elec-
tric discharge machining apparatus.

An ultrasonic puncture needle according to Claim
7, wherein the plurality of recesses are formed in a
doughnut shape using a laser apparatus or an elec-
tric discharge machining apparatus.

An ultrasonic puncture needle comprising:
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13.

14.

15.

16.

17.

18.

19.

a puncturing portion formed with a suitable
length at the tip of the ultrasonic puncture nee-
dle; and

a tube portion formed in the shape of a tube at
the rear end of the puncturing portion, wherein
the puncturing portion is formed of an cutting-
tip portion and a tube-shaped portion formed
as an extension of the tube portion, which in-
cludes ultrasonic-reflection means on the sur-
face of the tip portion thereof.

An ultrasonic puncture needle according to Claim
12, wherein the ultrasonic-reflection means com-
prises a plurality of doughnut-shaped recesses
formed and arrayed so as to be spread over a pre-
determined range on the surface of the tip portion
in a radial pattern from the tip of the tube portion on
the back side of the cutting-tip portion.

An ultrasonic puncture needle according to Claim
13, wherein the plurality of doughnut-shaped re-
cesses are formed using a laser apparatus or an
electric discharge machining apparatus.

An ultrasonic puncture needle according to Claim
14, wherein the plurality of doughnut-shaped re-
cesses are formed at positions such that overlap of
the recesses and the cutting-tip portion forming the
needle tube does not occur, using a laser apparatus
or an electric discharge machining apparatus.

An ultrasonic puncture needle according to Claim
12, wherein the ultrasonic-reflection means com-
prises a plurality of recessed portions formed and
arrayed so as to be spread in a predetermined
range on the surface of the tip portion in a radial
pattern from the tip of the tube portion on the back
side of the cutting-tip portion.

An ultrasonic puncture needle according to Claim
16, wherein the plurality of recessed portions are
formed at positions such that overlap of the re-
cessed portions and the cutting-tip portion does not
occur.

An ultrasonic puncture needle according to Claim
16, wherein the plurality of recessed portions are
formed in a doughnut shape using a laser apparatus
or an electric discharge machining apparatus.

An ultrasonic puncture needle according to Claim
17, wherein the plurality of recessed portions are
formed in a doughnut shape using a laser apparatus
or an electric discharge machining apparatus.
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