US 20120265057A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0265057 A1

NISHINA et al.

43) Pub. Date: Oct. 18, 2012

(54)

(75)

(73)

@1
(22)

(63)

ULTRASOUND ENDOSCOPE SYSTEM AND
ULTRASOUND OBSERVATION METHOD

Inventors: Kenichi NISHINA, Tokyo (JP);
Masatoshi SATO, Yokohama-shi
(JP); Takeharu NAKAZATO,
Tokyo (JP); Sunao SATO,
Yamato-shi (JP); Takuya
IMAHASHI, Kawasaki-shi (JP);
Shinichi TSUTAKI, Tokyo (JP)

Assignee: OLYMPUS MEDICAL
SYSTEMS CORP., Tokyo (JP)

Appl. No.: 13/523,357

Filed: Jun. 14, 2012

Related U.S. Application Data

Continuation of application No. 12/207,150, filed on
Sep. 9, 2008.

Publication Classification

(51) Int.CL

A6IB 1/018 (2006.01)

AGIB 8/12 (2006.01)
(52) U CL oo 600/424
(57) ABSTRACT

When an ultrasound endoscope arrives at an objective area, a
puncture needle is located in a scan area of a first ultrasound
image. Thereby, animage of the puncture needle is delineated
on the first ultrasound image. Furthermore, an ultrasound
probe is inserted into the puncture needle and an ultrasound
transducer of the ultrasound probe is arranged in the objective
area through the puncture needle. Then, the ultrasound probe
is driven and a second ultrasound image is delineated.
Detailed observation inside the objective area in which the
puncture needle is punctured is possible with the second
ultrasound image.




Patent Application Publication  Oct. 18,2012 Sheet 1 of 19 US 2012/0265057 Al

§
%
5

T~

P} n

J S
J ]

,‘.—»\_7

443
——A44h




Patent Application Publication  Oct. 18,2012 Sheet 2 of 19 US 2012/0265057 Al

FIG. 2
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ULTRASOUND ENDOSCOPE SYSTEM AND
ULTRASOUND OBSERVATION METHOD

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/207,150, filed on Sep. 9, 2008, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound endo-
scope system and an ultrasound observation method for
observing an objective area under the guidance of the ultra-
sound endoscope.

[0004] 2. Description of Related Art

[0005] Usually, under the guidance with an ultrasound
endoscope, a lesion is punctured with a puncture needle
inserted from a treatment instrument channel of the ultra-
sound endoscope, and a tissue is sucked and sampled from the
lesion to diagnose pathologically. In addition, in recent years,
by applying this procedure, for example, a drainage proce-
dure which discharges a cyst fluid and the like which are
stored in a lesion, such as a cyst of a pancreas, and also an
injection procedure which injects a liquid medicine into an
objective area, such as a lesion of a cancer, or nerve plexus has
been performed.

[0006] However, reliable medical treatment may be unable
to be performed only by such procedures using a puncture
needle. For example, when a cyst of a pancreas gets worse and
it becomes an abscess, its interior becomes solid necrosis and
it may be unable to be discharged by the drainage procedure.
In such a case, it is necessary to insert another comparatively
large treatment instrument and to rake out the necrosis tissues
from the abscess. In addition, depending on the case, it may
become necessary to insert an endoscope into a lesion, and to
remove the necrosis from the pancreatic abscess under the
endoscopic observation. An operator needs to select a
required procedure from these procedures.

[0007] In order to select such procedure, it is important to
observe internal structure of a target site which is pierced with
a puncture needle, in detail. In addition, as a matter of course,
commonly to respective procedures, it is important to guide
an ultrasound endoscope and a puncture needle to the objec-
tive area accurately.

SUMMARY OF THE INVENTION

[0008] An ultrasound observation method according to one
aspect of the present invention locates a puncture needle in a
scan area of a first ultrasound image and delineates an image
ofthe puncture needle on the first ultrasound image, inserts an
ultrasound probe in the puncture needle, and drives the ultra-
sound probe to delineate a second ultrasound image.

[0009] In addition, an ultrasound endoscope system
according to one aspect of the present invention comprises a
first ultrasound observation unit which has a predetermined
observation region, a first ultrasound image generating unit
which can display a first ultrasound image on the basis of an
observation result which is observed in the first ultrasound
observation unit, a guide member with a needle-like distal end
insertable and extractable to the observation region of the first
ultrasound observation unit, a second ultrasound observation
unit which has an external diameter insert-through-capable to
the guide member, and a second ultrasound image generating
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unit which can display a second ultrasound image on the basis
of an observation result which is observed by the second
ultrasound observation unit.

[0010] Furthermore, an ultrasound endoscope system
according to another aspect of the present invention com-
prises a first ultrasound observation unit which has a prede-
termined observation region, a protruding portion which is
provided with predetermined positional relation to the first
ultrasound observation unit and which protrudes by a prede-
termined amount, a puncture needle insertable and extract-
able to the predetermined observation region of the first ultra-
sound observation unit, an ultrasound probe which is
insertable and extractable to the first ultrasound observation
unit and the predetermined observation region, and which has
an ultrasound observation surface in which the protruding
portion can scan, and an ultrasound image generating unit
which can display a first ultrasound image on the basis of an
observation result of the first ultrasound observation unit, and
a second ultrasound image on the basis of an observation
result of the ultrasound probe.

[0011] Moreover, an ultrasound endoscope system accord-
ing to another aspect of the present invention comprises a first
ultrasound observation unit which is provided in a distal end
surface of an insertion portion of an ultrasound endoscope
and which has a predetermined observation region, a first
treatment instrument channel through which a puncture
needle is inserted, the first treatment instrument channel hav-
ing a first opening in the distal end surface of the insertion
portion, a second treatment instrument channel having a sec-
ond opening in the distal end surface of the insertion portion,
an ultrasound probe which is inserted through the second
treatment instrument channel and which protrudes from the
second opening, a protruding portion which protrudes from
the distal end surface of the insertion portion to a scan area of
the ultrasound probe, and an ultrasound image generating unit
which can display a first ultrasound image on the basis of an
observation result of the first ultrasound observation unit, and
a second ultrasound image on the basis of an observation
result of the ultrasound probe.

[0012] The above and other objects, features and advan-
tages of the invention will become more clearly understood
from the following description referring to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is an explanatory diagram showing an ultra-
sound endoscope system according to a first embodiment of
the present invention;

[0014] FIGS.2and 3 are outline perspective views showing
a distal end of the ultrasound endoscope;

[0015] FIG.4is ablock diagram showing a configuration of
a circuit unit which is provided in an ultrasound observation
apparatus 6 and controls a rotational position of a radial
image;

[0016] FIG.5isaperspective view showing a configuration
of a puncture needle 5 in FIG. 1;

[0017] FIG. 6 is an explanatory diagram showing a con-
figuration of a proximal end side of an ultrasound probe 71;

[0018] FIG.7is anexplanatory diagram showing an outline
sectional configuration of a distal end side of the ultrasound
probe 71 in a state of being inserted through the puncture
needle 5;
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[0019] FIG. 8 is an explanatory diagram for describing
connection between the ultrasound probe 71 and puncture
needle 5;

[0020] FIG. 9 is an explanatory diagram for describing a
procedure which uses the ultrasound endoscope;

[0021] FIG. 10 is an explanatory diagram showing a linear
image and a radial image which are displayed on a display
screen of a display unit 7:

[0022] FIGS. 11 to 13 are explanatory diagrams for
describing a stylet:

[0023] FIG. 14 is a block diagram showing a circuit con-
figuration of a toughness display unit;

[0024] FIGS. 15 and 16 are explanatory diagrams for
describing positions of a toughness sensor 92 at the time of
puncture;

[0025] FIG. 17 is an explanatory diagram showing a dis-
play example of toughness;

[0026] FIG. 18 is an explanatory diagram for describing a
position of the toughness sensor 92;

[0027] FIG. 19 is an explanatory diagram showing another
display example of toughness information;

[0028] FIG. 20 is a block diagram showing another circuit
configuration of the toughness display unit;

[0029] FIG. 21 is an explanatory diagram for describing a
state of a procedure of an embodiment;

[0030] FIGS.22 and 23 are outline perspective views show-
ing a modified example of the ultrasound endoscope;

[0031] FIG. 24 is an outline perspective view showing
another modified example of the ultrasound endoscope;
[0032] FIGS. 25 and 26 are explanatory diagrams showing
a modified example of the ultrasound probe inserted through
a needle tube 54 of the puncture needle 5;

[0033] FIG. 27 is an explanatory diagram showing a modi-
fied example of the needle tube of the puncture needle
through which the ultrasound probe is inserted;

[0034] FIG. 28 is an explanatory diagram showing another
modified example of the needle tube of the puncture needle
through which the ultrasound probe is inserted;

[0035] FIG. 29 is an explanatory diagram showing another
modified example of the needle tube of the puncture needle
through which the ultrasound probe is inserted;

[0036] FIGS. 30 and 31 are explanatory diagrams showing
a second embodiment of the present invention;

[0037] FIG. 32 is an explanatory diagram showing an inser-
tion shape of the ultrasound endoscope;

[0038] FIG. 33 is an explanatory diagram showing an ultra-
sound endoscope which has an insertion portion shape detec-
tion mechanism;

[0039] FIG. 34 is an explanatory diagram for describing
arrangement of strain gages; and

[0040] FIG. 35 is an explanatory diagram showing the
ultrasound endoscope which adopts another puncture needle.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0041] Hereafter, with reference to drawings, embodiments
of the present invention will be described in detail.
First Embodiment

[0042] FIGS. 1 to 21 relate to a first embodiment of the
present invention, and FIG. 1 is an explanatory diagram
showing an ultrasound endoscope system according to the
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first embodiment of the present invention. In addition, here-
after, an ultrasound endoscope is abbreviated to an EUS.

[0043] AsshowninFIG. 1, an EUS system 1 of the present
embodiment comprises an EUS 2 which is one of endoscopes,
a puncture needle 5, an ultrasound observation apparatus 6,
and a display unit 7. Furthermore, the EUS system 1 com-
prises an ultrasound probe 38 (refer to FIG. 3) provided
insertably and extractably in a channel of the EUS 2, an
ultrasound probe 71 (refer to FIG. 7) provided insertably and
extractably in a needle tube of the puncture needle 5, and
stylets 90 (refer to FIGS. 5) and 90a (refer to FIG. 11) pro-
vided insertably and extractably in the needle tube of the
puncture needle 5.

[0044] The EUS 2 mainly includes an insertion portion 21
inserted into an interior of a body, an operation portion 22
located in a proximal end of this insertion portion 21, a
universal cord 23 extending from a side portion of this opera-
tion portion 22, and, for example, a cable 24 for a light source
branched in a middle portion of this universal cord 23.

[0045] An ultrasound connector 23a which is detachable to
the ultrasound observation apparatus 6 is provided in a proxi-
mal end portion of the universal cord 23. An endoscope con-
nector 24a which is detachable to a light source device or a
video processor apparatus which are not shown is provided in
a proximal end portion of the cable 24 for a light source.

[0046] Treatment instrument insert-through ports 254 and
25b (the treatment instrument insert-through port 254 is not
shown) are provided in a distal end side of the operation
portion 22. The treatment instrument insert-through ports 25a
and 255 communicate with treatment instrument channels
(refer to reference numerals 31a and 315 in FIG. 2) provided
in the insertion portion 21, respectively.

[0047] The treatment instrument insert-through port 254
comprises a ferrule, and a securing ring 55 provided in a
handle portion 51 of the puncture needle 5 and the like is
connected to this ferrule. The securing ring 55 is detachable to
the ferrule. And a needle tube 54 of the puncture needle 5 is
inserted through the treatment instrument channel 31a
through the treatment instrument insert-through port 25a.

[0048] Inthe presentembodiment, itis possibleto insert the
ultrasound probe 71 (refer to FIG. 7) and the like insertably
and extractably through the needle tube 54. As mentioned
later, the ultrasound probe 71 has an ultrasound transducer
71a in a distal end, and has a transfer unit 44a in a proximal
end side. The transfer unit 44a is connected to a driving unit
4 through an ultrasound connector 65 (refer to FIG. 6), and the
ultrasound probe 71 is driven by the driving unit 4. The
driving unit 4 can transmit an echo signal from the ultrasound
probe 71 to the ultrasound observation apparatus 6 through a
cable 49.

[0049] In addition, it is possible to insert the ultrasound
probe 38 (refer to FIG. 3) through the treatment instrument
channel 3 Ib through the treatment instrument insert-through
port 25b. As mentioned later, the ultrasound probe 38 has an
ultrasound transducer 384 in a distal end, and has a transfer
unit 445 in a proximal end side. The transfer unit 445 is
connected to the driving unit 4 through an ultrasound connec-
tor not shown (the same as the connector 65 in FIG. 6), and the
ultrasound probe 38 is driven by the driving unit 4. The
driving unit 4 can transmit an echo signal from the ultrasound
probe 38 to the ultrasound observation apparatus 6 through
the cable 49. In addition, it is desirable to set an ultrasound
frequency by the ultrasound transducer 38a, and an ultra-
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sound frequency by the ultrasound transducer 30 to be fre-
quencies which are mutually different.

[0050] Furthermore, although the echo signal from the
EUS 2 and ultrasound probe 38 is transmitted to the ultra-
sound observation apparatus 6 in the present embodiment, it
is also good to provide two ultrasound observation appara-
tuses 6 to transmit the echo signal of the EUS 2 to one
ultrasound observation apparatus 6, and to transmit the echo
signal of the ultrasound probe 38 and ultrasound probe 71 to
another ultrasound observation apparatus.

[0051] Reference numerals 26a and 265 denote bending
operation knobs, reference numeral 27a does an air supply/
water supply button, reference numeral 275 does a suction
button, and reference numeral 28 does a switch. The switch
28 performs, for example, a display change of the display unit
7, a freeze instruction of a display image, or a release instruc-
tion, a start/stop instruction of toughness measurement by a
toughness sensor mentioned later, or the like.

[0052] The insertion portion 21 provides consecutively a
distal end rigid portion 21a, a bending portion 215, and a
flexible tube portion 21¢ sequentially from a distal end side.
The bending portion 215 is configured so as to bend actively
in up and down, right and left directions, for example, by an
operation of the bending operation knobs 26a and 264. The
flexible tube portion 21¢ has flexibility.

[0053] FIGS. 2 and 3 are outline perspective views showing
a distal end of the EUS.

[0054] The treatment instrument channels 31a and 3154
have distal end openings 32a and 325 respectively in a distal
end surface 21d of the distal end rigid portion 21a. The
treatment instrument channel 31a is arranged so that a central
axis near the distal end opening 324 may approximately coin-
cide with an ultrasound scan surface by the ultrasound trans-
ducer 30, and a treatment instrument which performs a punc-
ture and the like can be inserted therethrough. In addition, an
objective optical system 35 and an illumination optical sys-
tem 36 are provided in a distal end surface 21d of a distal end
rigid portion 21a.

[0055] An electronic scanning-type ultrasound transducer
30 is arranged in the distal end side of the distal end rigid
portion 21a. The ultrasound transducer 30 is a convex array
for example, and includes a plurality of ultrasound elements
being arranged inside. The EUS 2 obtains an echo signal by
the ultrasound transducer 30 transmitting and receiving an
ultrasound with switching the respective ultrasound ele-
ments. The echo signal from the ultrasound transducer 30 is
transmitted to the ultrasound observation apparatus 6 through
the ultrasound connector 23a. On the basis of the echo signal
from the ultrasound transducer 30, an ultrasound image (lin-
ear image) which has a section parallel to an insertion axis of
the insertion portion 21 is obtained.

[0056] In the present embodiment, a structure protruded
comparatively greatly from the distal end surface 214 is not
provided between the distal end openings 32a and 325.
Thereby, it becomes possible to delineate the needle tube 54
with the ultrasound probe 38 in the case of inserting the
puncture needle 5 through the treatment instrument channel
31ato protrude the needle tube 54 from the distal end opening
324, and inserting the ultrasound probe 38 through the treat-
ment instrument channel 315 to protrude the ultrasound trans-
ducer 38a, which is provided in the distal end of the ultra-
sound probe 38, from the distal end opening 325.

[0057] The ultrasound transducer 38a of the ultrasound
probe 38 is freely rotatable with centering on the insertion
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axis of the ultrasound probe 38 almost parallel to the insertion
axis of the insertion portion 21. The ultrasound probe 38
obtains an echo signal by transmitting and receiving an ultra-
sound while the ultrasound transducer 38a rotates. The echo
signal from the ultrasound transducer 38a is transmitted to the
ultrasound observation apparatus 6 through the ultrasound
connector and driving unit 4 which are not shown, and an
ultrasound image (radial image) of a section which is
orthogonal to the insertion axis of the insertion portion 21 is
obtained on the basis of the echo signal.

[0058] In addition, in the present embodiment, the ultra-
sound transducer 30 has a protruding portion 33 protruding
from the distal end rigid portion 21a. Thereby, the protruding
portion 33 is delineated by the ultrasound probe 38. In addi-
tion, the protruding portion 33 is provided in a position except
on a line linearly connecting the distal end openings 32a and
325 mutually. In addition, in order that ultrasound observa-
tion of the protruding portion 33 may become easy, it is
preferable to give ultrasound reflection processing to a sur-
face of the protruding portion 33.

[0059] For example, as the ultrasound reflection process-
ing, concavo-convex processing treatments, such as sand
blasting process, satin finish processing, and dimple process-
ing treatment, the coating treatment of a resin containing
bubbles or metal powder, and the like are conceivable.

[0060] Theecho signal from the ultrasound transducer 30 is
inputted into the ultrasound observation apparatus 6 through
the ultrasound connector 234, and the echo signal from the
ultrasound probe 38 or 71 is inputted through the cable 49.
The ultrasound observation apparatus 6 can display a linear
image on the basis of an output of the ultrasound transducer
30, and a radial image on the basis of outputs of the ultrasound
probes 38 and 71 on a display screen of the display unit 7.

[0061] A radial image from the ultrasound probe 38 has an
unfixed reference position of a rotary direction, and a vertical
direction of a radial image which is displayed and a vertical
direction of a distal end surface 21d of the insertion portion 21
do not correspond. The ultrasound observation apparatus 6
can display a radial image in an arbitrary rotational position
by controlling, for example, writing and reading of a radial
image with respect to memory for a display.

[0062] Inthe present embodiment, it is possible to perform
display with making the vertical direction of a radial image
correspond to the vertical direction of the distal end surface
21d using an ultrasound image of the protruding portion 33.

[0063] FIG.4isablockdiagram showing a configuration of
a circuit unit which is provided in the ultrasound observation
apparatus 6 and controls a rotational position of a radial
image.

[0064] An echo signal from the ultrasound transducer 38a
or an echo signal from the ultrasound transducer 30 is input-
ted into the image generating units 41 and 42, respectively. In
addition, the ultrasound probe 38 can delineate at least the
protruding portion 33 protruded from the distal end opening
32a. The image generating units 41 and 42 generate and
output a radial image or a linear image, which is a two-
dimensional image, on the basis of the inputted echo signals.

[0065] The radial image and linear image from the image
generating units 41 and 42 are inputted into the image output
unit 47. While storing the inputted image, the image output
unit 47 performs image synthesis and an output in order to
make the linear image and radial image displayed on a com-
mon display screen.
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[0066] On the other hand, the radial image from the image
generating unit 41 is inputted also into an image rotating unit
44. The image rotating unit 44 rotates the inputted radial
image suitably, and outputs the radial image after rotation,
and information on its rotating amount to a comparing unit
45. As for the delineated protruding portion 33 included in the
radial image, a position, based on the vertical direction of the
distal end surface 21d of the insertion portion 21, and a shape
are known. A known image about the delineated protruding
portion 33 is stored in the comparing unit 45, and the com-
paring unit 45 compares the radial image from the image
rotating unit 44, and the known image.

[0067] When detecting by an image matching method that
the known image of the protruding portion 33 coincides with
a part of the radial image, the comparing unit 45 outputs the
information on the rotating amount of the radial image in this
case to an image rotation correcting unit 46.

[0068] The image rotation correcting unit 46 controls an
output of the radial image from the image output unit 47 on
the basis of the information on the rotating amount which is
inputted from the comparing unit 45, and makes the vertical
direction of the radial image coincide with the vertical direc-
tion of the distal end surface 214 of the insertion portion 21.
Since the vertical direction of a linear image coincides with
the vertical direction of the distal end surface 21d of the
insertion portion 21, an ultrasound image where vertical
directions of the radial image and linear image coincide is
displayed on the display unit 7.

[0069] Inaddition, since the protruding portion 33 includes
the ultrasound transducer 30, mutual positional relation is
known. It is also sufficient that the image output unit 47 may
obtain a position of a linear scan surface from a position of the
delineated protruding portion 33 to display a line (linear scan
line display) which shows the position of the linear image on
the radial image.

[0070] Furthermore, itis also possible that the image output
unit 47 switches display ranges of the linear image and radial
image, which are displayed on a display screen, with inter-
locking them.

[0071] Moreover, it is also sufficient to automate rotation of
the radial image by the circuit in FIG. 4, or it is also sufficient
that an operator rotates the radial image manually with refer-
ring to the linear image and radial image.

[0072] FIG.5is aperspective view showing a configuration
of a puncture needle 5 in FIG. 1.

[0073] As shown in FIGS. 5 and 3, the puncture needle 5 is
configured by comprising the handle portion 51 and a channel
insertion portion 52, and the channel insertion portion 52 is
configured by comprising a sheath 53 and the needle tube 54.
The channel insertion portion 52 is inserted through the treat-
ment instrument channel 31a from the treatment instrument
insert-through port 254, and is configured protrudably from
the distal end opening 32a shown in FIG. 3.

[0074] The handle portion 51 is configured by arranging,
for example, a securing ring 55, an adjuster knob 56, a needle
adjuster 57, a needle slider 58, a suction ferrule 59, and a
stylet cap 60 sequentially from a distal end side.

[0075] The needle tube 54 is arranged with being inserted
through the sheath 53 retractably. This needle tube 54 is
formed of, for example, a metal pipe, such as a stainless steel
pipe or a nickel titanium pipe. A sharp-shaped cutting portion
is formed in a distal end (hereinafter, this is also called a
needle point) of the needle tube 54.
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[0076] The stylet 90 or the stylet 90a which is inserted
through the needle tube 54 is connected to the stylet cap 60,
and the stylet cap 60 is connected to the suction ferrule 59. A
proximal end portion of the needle tube 54 is fixed in one
piece to the suction ferrule 59 by adhesion and the like.
[0077] The needle adjuster 57 is slide-fixed or released by
the adjuster knob 56. By loosening the adjuster knob 56 to
release fixation of the needle adjuster 57, it becomes possible
to make aneedle slider 8 slide. In addition, a protrusion length
of the needle tube 54 from the distal end of the sheath 53 is
adjusted by adjusting suitably a distance between the fixed
positions of a needle slider 8 and needle adjuster 57.

[0078] FIG. 6 is an explanatory diagram showing a con-
figuration of a proximal end side of the ultrasound probe 71,
and FIG. 7 is an explanatory diagram showing an outline
section configuration of a distal end side of the ultrasound
probe 71.

[0079] In the present embodiment, the puncture needle 5
also has a function as a guide member which guides the
ultrasound probe 71 to the distal end of the needle tube 54. As
the puncture needle 5, for example, what has about 00.6 mm
to 01.2 mm ofinner diameter of the needle tube 54 is used. In
addition, as the ultrasound probe 71, for example, what has
about 00.5 to 01 mm of external diameter and 15 to 30 MHz
of ultrasound frequency is used.

[0080] The transfer unit 44a of the ultrasound probe 71 is
connected to the driving unit 4 through the ultrasound con-
nector 65 in a proximal end side, as shown in FIG. 6. As
mentioned above, the driving unit 4 is connected to the ultra-
sound observation apparatus 6.

[0081] As shown in FIG. 7, the transfer unit 44a includes a
shaft 73 and a sheath 72, and the shaft 73 connects the ultra-
sound transducer 71a and a motor which is provided in the
driving unit 4 and which is not shown. An outer periphery of
the shaft 73 is covered with the sheath 72.

[0082] The ultrasound transducer 71a is electrically con-
nected to the driving unit 4 by a wiring which is inserted
through the shaft 73 and which is not shown. With this wiring,
a high voltage pulse signal for ultrasound wave generation
from the driving unit 4 is supplied to the ultrasound trans-
ducer 71a. The ultrasound transducer 71a receives an ultra-
sound reflected by a living body tissue with performing elec-
tric-sound conversion of this high voltage pulse signal and
transmitting the ultrasound for observation, performs
acousto-electric transformation of the received ultrasound,
and transmits it to the driving unit 4 through a wiring as an
electric signal.

[0083] As shown in FIG. 7, the ultrasound probe 71 is
inserted through the needle tube 54 to a position where the
ultrasound transducer 71a in the distal end protrudes from the
needle tube 54 of the puncture needle 5. By transmitting and
receiving an ultrasound with rotating the ultrasound trans-
ducer 71a by a motor in this state centering on the insertion
axis of the needle tube 54, the ultrasound probe 71 can acquire
a radial image in front of the distal end of the needle tube 54.
[0084] That s, in the present embodiment, even if it is a site
where the insertion portion 21 of the EUS 2 cannot be
inserted, so long as it is a site where the puncture needle 5 can
be punctured, it is possible to perform observation by an
ultrasound radial image.

[0085] Furthermore, as for the ultrasound probe 71, the
ultrasound reflection unit 74 is formed in a distal end. The
ultrasound reflection unit 74 is given ultrasound reflection
processing. As the ultrasound reflection processing, known
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methods, such as dimple processing and sand blasting, can be
adopted. For example, what forms many small holes in stain-
less steel is also sufficient as ultrasound reflection processing.
In addition, it is also sufficient to provide the same ultrasound
reflection unit near the distal end portion of the needle tube
54.

[0086] FIG. 8 is an explanatory diagram for describing
connection between the ultrasound probe 71 and puncture
needle 5.

[0087] As shown in FIG. 8, as for the proximal end side of
the ultrasound probe 71, the ultrasound connector 65 is pro-
vided in the proximal end portion of the transfer unit 44a, and
the transfer unit 44a is connected to the driving unit 4 by this
ultrasound connector 65. The shaft 73 is covered with the
sheath 72. A ferrule 605 provided in the sheath 72 is con-
nected to the suction ferrule 59 of the handle portion 51 of the
puncture needle 5. Connecting structure of the suction ferrule
59 is made into the Luer connector.

[0088] Next, the various procedures using the EUS system
configured in this way will be described with reference to
FIGS. 9 to 21.

[0089] Heretofore, it is known to perform medical treat-
ment procedures, such as an EUS-FNA (EUS-guided fine
needle aspiration), a drainage procedure, an injection proce-
dure, using an EUS which mounts a linear/convex type ultra-
sound transducer. The EUS is configured such that its scan
surface may become in parallel to the insertion axis of an
endoscope. In such a system, since an ultrasound transducer
delineates a section parallel to the insertion axis of the endo-
scope, an ultrasound image changes a lot just by turning
slightly an insertion portion around the shaft. For example,
when a needle is bent and separates from a scan surface when
puncturing is performed, it is necessary to shake a distal end
ofan endoscope to relook at the needle, and hence, experience
is required for an operation and a procedure takes time.
[0090] By using not only a linear image parallel to the
insertion axis of the EUS, but also a radial image which has a
section orthogonal to the insertion axis, the present embodi-
ment makes it possible to perform quickly and securely medi-
cal treatment procedures, such as the EUS-FNA, and EUS-
guided drainage procedure and injection procedure.

[0091] FIG. 9 is an explanatory diagram for describing a
procedure which uses the EUS.

[0092] As shown in FIG. 9, an operator 101 inserts the
insertion portion 21 of the EUS 2 into a body through, for
example, a mouth of a patient 102, observes an endoscope
image displayed on the display unit 7, and inserts the ultra-
sound transducer 30 to near an objective area. Then, the
operator contacts the ultrasound transducer 30 to a luminal
wall. (Procedure to puncture using linear image and radial
image)

[0093] The operator performs a linear scan, a convex scan,
or a sector scanning with the ultrasound transducer 30 pro-
vided in the distal end ofthe EUS 2, and obtains an ultrasound
image (linear image) of a section parallel to the insertion axis
of the insertion portion 21.

[0094] Next, the operator inserts the ultrasound probe 38
into the treatment instrument channel 315 of the EUS 2, and
protrudes the distal end portion of the ultrasound probe 38
from the distal end opening 3256 by a length approximately
comparable to protruding quantity of the protruding portion
33 of the ultrasound transducer 30.

[0095] Theoperator performs aradial scan with rotating the
ultrasound transducer 38a of the ultrasound probe 38, and
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obtains an ultrasound image (radial image) of a section which
is orthogonal to a distal end of the insertion portion 21.
[0096] FIG. 10 is an explanatory diagram showing a linear
image and a radial image which are displayed on a display
screen of the display unit 7. On the display screen of the
display unit 7, a linear image PL is displayed in a left side and
a radial image PR is displayed in a right side. Both of a
linear-shaped image 82a in the linear image PL, and a round
image 825 in the radial image PR are the needle tube 54 of the
puncture needle 5 delineated. In addition, an L-shaped image
81 in the radial image PR is the delineated protruding portion
33 delineated by the ultrasound probe 38. In addition, in the
radial image PR, a linear-shaped linear scan line display 83
which shows a position (scan area) of a linear image is also
displayed.

[0097] In addition, the protruding portion 33 is given the
ultrasound reflection processing and is securely delineated by
the ultrasound probe 38. In addition, since the ultrasound
transducer 30 and ultrasound probe 38 have different ultra-
sound frequencies, an artifact by mutual ultrasounds emitted
by both, and the like do not arise.

[0098] The ultrasound observation apparatus 6 grasps posi-
tional relation between the radial image and endoscope (im-
age of linear image) using an image of the protruding portion
33 in the radial image PR, and displays the radial image
whose positional relation is made to coincide with a vertical
direction of the distal end surface 21d (linear image). In
addition, an operator may perform this rotation of a radial
image manually.

[0099] First, the operator 101 operates the EUS 2, guides
the distal end portion of the insertion portion 21 to near an
objective area, and delineates the objective area in the linear
image PL with the ultrasound transducer 30. At this time, the
operator confirms the objective area by the radial image PR,
guides the distal end portion of the insertion portion 21 to the
vicinity of the objective area, and makes a delineated objec-
tive area displayed in the linear image PL.

[0100] Next, the operator 101 inserts treatment instru-
ments, such as the puncture needle 5, through the treatment
instrument channel 31a of the EUS 2, and performs an EUS-
guided treatment.

[0101] When a treatment instrument (needle tube 54 of the
puncture needle 5, and the like) bends, or when the insertion
portion 21 rotates, the treatment instrument may be located
out of a delineated range of the linear image. Also in this case,
in the present embodiment, it is possible to return a rotary
direction of the insertion portion 21 simply by confirming the
position of the image of the treatment instrument in the radial
image PR.

[0102] Thus, it is possible to find the objective area simply
by searching the objective area with both the linear image and
radial image. In addition, even when a treatment instrument
(needle or the like) bends and an image based on the treatment
instrument separated from the linear image, it is possible to
confirm by a radial image to where and how far it separates,
and it is possible to guide the insertion portion 21 easily to a
position where the treatment instrument can be again delin-
eated on the linear image. Thereby, while a burden of an
operator is eased, time of a procedure is shortened and miti-
gation of a patient’s pain can be also achieved. (Procedure at
the time of a puncture using toughness sensor)

[0103] By the way, depending on a site where the needle
tube 54 of the puncture needle 5 is punctured, advanced skill
and prolonged working hours may be needed for an operation
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of advancing the needle tube 54. For example, heretofore, an
EUS-FNI (EUS-guided fine needle injection) procedure of
puncturing a hypodermic needle in an objective area under
EUS guidance using an EUS which mounts a linear convex
type ultrasound transducer, and injects a medicine and the like
through a needle tube is known. In this procedure, it is nec-
essary to puncture in an organ (nerve or the like) which is
located just before an organ, without puncturing an organ
such as a blood vessel, and to inject a liquid medicine. That is,
a needle tip must be located just before a blood vessel, an
ultrasound image must be observed carefully, and a needle
must be carried forward carefully. Hence, because of always
operating a distal end of an EUS to confirm that the needle tip
is delineated in an ultrasound scan area, and relying on touch
of feeling with fingers at the time of carrying forward a
needle, and the like, operator’s skill is needed for operations.
[0104] Then, in the present embodiment, a method of per-
forming procedures simply without requiring skill by using a
toughness sensor is proposed. FIGS. 11 to 20 are for describ-
ing the method of position confirmation of a needle tip using
a toughness sensor.

[0105] FIGS. 11 to 13 are explanatory diagrams for
describing a stylet.

[0106] As a stylet which is made to be inserted through a
needle tube of the puncture needle 5, a stylet 90a shown in
FIG. 11 to FIG. 13 is adopted. In addition, a needle tube 54a
is adopted as the needle tube of the puncture needle 5. The
needle tube 54a is different from the needle tube 54 in that an
ultrasound reflection portion 744 is provided in a distal end of
the needle tube which is exposed from the sheath 53. In
addition, when a position of the needle tip of the needle tube
54a does not need to be delineated, the needle tube 54 can be
adopted.

[0107] The stylet 90a is a hollow tube made from a nickel
titanium alloy (Ni—Ti), and is inserted through the needle
tube 54a to be extended to the needle tip, and its distal end
portion 91 can be exposed in front of the needle tip of the
needle tube 54a. The toughness sensor 92 is provided in a
distal end of the stylet 90a. The toughness sensor 92 detects
toughness of a body tissue by being pressed on the body
tissue. For example, as the toughness sensor 92, it is possible
to adopt what includes an ultrasound piezoelectric element
and acquires toughness information of tissue by a change of a
resonance frequency. For example, such a sensor is described
in detail in Japanese Patent Application Laid-Open Publica-
tion No. 8-261915, Japanese Patent Application Laid-Open
Publication No. 9-285439, Japanese Patent Application Laid-
Open Publication No. 7-270261, and the like.

[0108] AsshowninFIG.12,adistal end forming portion 93
made from resin or rubber may be provided in a distal end side
of the toughness sensor 92 if needed.

[0109] A signal from the toughness sensor 92 is transmitted
through a distribution cable 94 for a sensor. This distribution
cable 94 for a sensor is arranged in a space inside the stylet
90a.

[0110] As shown in FIG. 13, a proximal end side of the
stylet 90q is fixedly installed in a stylet cap 60a. The stylet
904 is mounted on the puncture needle 5 by the stylet cap 60a
being fixed to a proximal end portion of the suction ferrule 59
of the puncture needle 5. In addition, a Luer connector is
adopted as structure of the suction ferrule 59. A cable 95
connected to a processor apparatus 98 (refer to FIG. 14) fora
sensor is mounted in the stylet cap 60q, and the distribution
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cable 94 for a sensor is arranged inside the stylet 90a and the
cable 95, and connects the toughness sensor 92 and processor
apparatus 98 for a sensor.

[0111] FIG. 14 is a block diagram showing a circuit con-
figuration of a toughness display unit.

[0112] InFIG. 14, a signal from the toughness sensor 92 is
inputted into the processor apparatus 98 for a sensor through
the distribution cable 94 for a sensor. Based on the signal from
the toughness sensor 92, the processor apparatus 98 for a
sensor obtains information (toughness information) with
regard to toughness of a body tissue, and outputs it to the
ultrasound observation apparatus 6. The ultrasound observa-
tion apparatus 6 can display data showing the toughness of the
body tissue on the display screen of the display unit 7 based
on the inputted toughness information.

[0113] Next, an EUS-guided puncture method using the
puncture needle 5 through which such the stylet 90a is
inserted will be described with reference to FIGS. 15 to 19.
[0114] FIGS. 15 and 16 are explanatory diagrams for
describing positions of the toughness sensor 92 at the time of
puncture.

[0115] First, the stylet cap 60a is removed from the suction
ferrule 59, and the toughness sensor 92 in the distal end of the
stylet 90a is made to be contained in the needle tube 54a, as
shown in FIG. 15. Thereby, a smooth puncture becomes pos-
sible by the sharp needle tip. When it is punctured to near an
objective area, the stylet cap 60a is fixed to the suction ferrule
59. Thereby, the stylet 90a is pushed into the needle tube 544,
and as shown in FIG. 16, the stylet 90a protrudes by fixed
quantity from the needle tip of the needle tube 54a. Thereby,
the toughness sensor 92 abuts on a target tissue, an output
according to the toughness of the objective area is transmitted
to the processor apparatus 98 for a sensor through the distri-
bution cable 94 for a sensor from the toughness sensor 92.
[0116] In addition, positional relation (length relation)
between the stylet 90a and needle tube 54a is made into the
extent of the toughness sensor 92 in the distal end of the stylet
90a protruding a little (1 mm or less) than the needle tip when
the stylet cap 60a is thoroughly fixed to the suction ferrule 59.
[0117] Furthermore, it is possible to instruct ON/OFF of
toughness measurement by an operator’s simple operation by
assigning the function to a foot switch which is not shown, or
the switch 28 provided in the EUS 2. In this case, ON/OFF
information on the switch of toughness measurement is also
inputted into the ultrasound observation apparatus 6 with
toughness information.

[0118] The processor apparatus 98 for a sensor calculates
the information on toughness from an output or a change of an
output of the toughness sensor 92, and outputs the toughness
information to the ultrasound observation apparatus 6. The
ultrasound observation apparatus 6 makes data (for example,
a numerical value, a graph, etc.) based on the toughness
information displayed in an ultrasound image on the display
screen of the display unit 7.

[0119] Inaddition, itisalso sufficient to provide a needle tip
detection portion, which detects a position of the ultrasound
reflection portion 745 provided in the distal end of the needle
tube 54a and which is not shown, in the ultrasound observa-
tion apparatus 6. For example, on the basis of known infor-
mation, including the length data of the ultrasound reflection
portion 745, a puncture angle of the needle tube 54a, and the
like, the needle tip detection portion extracts a highly-inten-
sive linear delineated image from an ultrasound image, and
recognizes it as the delineated needle tube 54a with an image
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matching method with known information. On the basis of
the recognized delineated needle tube 54a, a position of the
needle tube 54a on the ultrasound image is obtained.

[0120] FIG. 17 is an explanatory diagram showing a dis-
play example in this case. In the example of FIG. 17, tough-
ness data 113 is displayed below an ultrasound image 111. An
image 112 corresponding to the ultrasound reflection portion
74b of the needle tube 54a is delineated in the ultrasound
image 111. The toughness data 113 express information
based on a detection result of the toughness sensor 92 in a
numerical value, a graph, or the like. The toughness data 113
in FIG. 17 shows magnitude of toughness in a bar graph, and
toughness is expressed by a change of a rate of an area shown
by presence of hatching in FIG. 17.

[0121] Hereafter, similarly, toughness of a tissue is con-
firmed each time by the method which advances the needle
tube 54a and protrudes the stylet 90a, and which is shown in
FIGS. 15 to 17. An operator can confirm the toughness of a
tissue with advancing the needle tube 54a, and can grasp that
the needle tip of the needle tube 54q arrives, for example, just
before a blood vessel wall and the like, because of a change of
the toughness.

[0122] Furthermore, itisalso possible to confirm the tough-
ness of a tissue simultaneously with advancing the needle
tube 54a by setting positional relation between the needle
tube 54a and stylet 90a suitably.

[0123] FIG. 18 is an explanatory diagram for describing a
position of the toughness sensor 92 in this case.

[0124] That is, although the toughness sensor 92 in the
distal end of the stylet 90a protrudes from a distal end opening
ofthe needle tube 544 in a state that the stylet cap 60a is fixed
to the suction ferrule 59 thoroughly as shown in FIG. 18, the
positional relation between the stylet 90a and needle tube 54a
is set to be in a state that it does not protruded from the needle
tip.

[0125] Since the needle tip protrudes, a puncture to a tissue
is possible, and, since the toughness sensor 92 is also
exposed, toughness measurement is also possible. Thereby;, it
is possible to measure the toughness continuously with
advancing the needle tube 54a.

[0126] In addition, the ultrasound observation apparatus 6
may have memory which associates and stores the position of
the needle tip, which are detected by the needle tip detection
portion, and the toughness information, and which is not
shown. The ultrasound observation apparatus 6 may comprise
a graphical display function which displays a graph which
shows toughness in a location corresponding to a position of
the needle tip based on the information stored in the memory.
[0127] FIG. 19 is an explanatory diagram showing another
display example of toughness data.

[0128] FIG. 19 displays toughness in real time. That is,
toughness measurement is started when an operator operates
a foot switch or the like. The ultrasound observation appara-
tus 6 sequentially stores the position of the needle tip and the
toughness information at that time. The ultrasound observa-
tion apparatus 6 makes the ultrasound image 111 and tough-
ness data 115 displayed on a display screen on the basis of the
stored information. The toughness data 115 display the mea-
surement result of the toughness in real time in a numerical
value, a graph, or the like.

[0129] In an example of FIG. 19, the toughness data 115 is
displayed below the ultrasound image 111. Starting position
display 114 which shows a position of the needle tube 54a at
the time of a measurement start is also displayed on the
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ultrasound image 111 besides the image 112 corresponding to
the needle tube 544. The toughness data 115 in FIG. 19 shows
the measurement of toughness in a line graph, a horizontal
axis corresponds to the position of the needle tube 544, and a
vertical axis corresponds to the toughness. That is, whenever
the needle tube 54a advances, the toughness in the position is
displayed in real time perpendicularly below a position of the
needle tip of the needle tube 54a.

[0130] In addition, it is also sufficient to detect it by the
needle tip detection portion when the needle tip of the needle
tube 54a is retreating, and to make the graph not updated.
[0131] By referring to the toughness data 115, an operator
can easily grasp a change of the positional relation between
the toughness information and needle tip, that is, a change of
organization structure inside the objective area more intu-
itively. Thereby, it is possible to achieve further reduction of
an operator’s load.

[0132] Inaddition, in the state of FIG. 18, it is also conceiv-
able that a puncture is difficult depending on the toughness of
a tissue.

[0133] However, there is a small gap between an outer
peripheral surface of the stylet 90a and the inner peripheral
surface of the needle tube 54a. For this reason, when tempo-
rarily piercing into a very hard tissue, the stylet 90a which has
elasticity moves in a zigzag direction within the needle tube
54a, and the toughness sensor 92 is pushed into the needle
tube 54a by the tissue. Thereby, it becomes in the same state
as that in FIG. 15, and a puncture is possible also in the hard
tissue.

[0134] FIG. 20 is a block diagram showing another circuit
configuration of the toughness display unit. An example in
FIG. 20 adopts a display unit 99 for a sensor which displays
measurement result of toughness independently.

[0135] Thus, with inserting a stylet, which has a toughness
sensor in a distal end, into a needle tube, measurement of the
toughness of a tissue is performed with advancing the needle
tube. Thereby, it becomes possible to measure the toughness
of'an objective area quantitatively, and it becomes possible to
judge objectively that the needle tip hits a blood vessel wall,
for example. Hence, it becomes also possible that those who
are not skilled in a method perform a procedure in a level
equivalent to a skilled person. For example, it becomes pos-
sible that an unskilled doctor also performs comparatively
easily a procedure of advancing a needle tip just before a
celiac artery, and performing ethanol infusion, in the case of
a celiac plexus block.

[0136] Inaddition, although toughness is measured so as to
prevent the needle tip from advancing to a blood vessel or the
like unnecessarily in the description mentioned above, it is
available also for a purpose of detecting that the needle tip has
advanced securely into an objective area in the present
embodiment. For example, in pathological changes, such as a
cyst, elasticity of an adventitia may be high and an interior
may be a liquid, and in such a case, the adventitia is pushed
and just depressed by the needle tip of the needle tube 544, but
the needle tip may not encroach on the cyst. In this case, it is
not possible to judge only in a position of the needle tip
whether the needle tip has encroached in the objective area,
such as a cyst. However, since a change of the toughness is
measured in the present embodiment, when a value of the
toughness became small rapidly, it is also possible to grasp
that the needle tip has encroached in the objective area.

(Procedure After Puncture Using Ultrasound Probe in Needle
Tube)

[0137] By the way, heretofore, medical treatment proce-
dures, such as the EUS-FNA, drainage procedure, and injec-
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tion procedure, and a diagnostic procedure which performs
ultrasound observation of a pancreaticobiliary area using an
EUS from a stomach or a duodenum are known.

[0138] As for an EUS used in such procedure, a compara-
tively low ultrasound frequency of, for example, 5to 12 MHz
and the like is adopted because of a request of hoping to
perform ultrasound observation to a comparatively deep area
in many cases. However, in such a comparatively low ultra-
sound frequency, detailed structure inside an objective area is
unobservable.

[0139] In addition, heretofore, although a diagnostic pro-
cedure (intraductal ultrasonography; IDUS) which inserts an
ultrasound probe into a pancreatic duct and a bile duct for a
transduodenal papilla target and performs ultrasound obser-
vation has been known, this IDUS might be unable to be given
to an example in which cannulation to duodenal papilla is
difficult. In addition, even if the cannulation can be performed
and the IDUS is possible, X-ray observation is needed for
position confirmation of a probe which is inserted into the
transduodenal papilla target, and there is a possibility of
X-rays exposure.

[0140] In the present embodiment, also in such a case,
detailed structure observation of an interior of the objective
area is possible. That is, in the present embodiment, after an
EUS-guided puncture is performed, the stylet 90a of the
puncture needle 5 is extracted, and the ultrasound probe 71
(refer to FIG. 7) is inserted into the needle tube 54 of the
puncture needle 5.

[0141] In this case, it is confirmed that a distal end of the
ultrasound probe 71 in the needle tube 54 protrudes by a
suitable distance from the needle tip of the needle tube 54
with an ultrasound image obtained by the EUS 2. That is,
protruding quantity of the ultrasound probe 71 is confirmed
so that the ultrasound transducer 71a may protrude from the
needle tube 54.

[0142] In addition, the ultrasound connector 65 (refer to
FIG. 6) is connected to the driving unit 4. Then, an ultrasound
scan is made with rotating the ultrasound transducer 71a of
the ultrasound probe 71 by the driving unit 4.

[0143] FIG. 21 is an explanatory diagram showing this
state. The distal end of the insertion portion 21 of the EUS 2
is made to contact with a luminal wall 120 of a stomach, a
duodenum, or the like. Then, the needle tube 54 is punctured
into an objective area 121. A range 123 shown by doted lines
is a scan area of an ultrasound image by the ultrasound trans-
ducer 30 (refer to FIG. 2) of the EUS 2. In addition, a dotted
line 124 shows a scan area of an ultrasound image by the
ultrasound transducer 71a of the ultrasound probe 71.
[0144] TItis possible to delineate an interior of the objective
area 121, into which the needle tube 54 is punctured, in detail
by making the ultrasound transducer 71a of the ultrasound
probe 71 protrude from the distal end of the needle tube 54,
and performing an ultrasound scan. That is, an ultrasound
image can be obtained from a place close to the objective area
121 by inserting the ultrasound probe 71 through the needle
tube 54 after an EUS-guided puncture into the objective area
121.

[0145] That is, since the ultrasound probe 71 approaches
the objective area 121 and just picks up an ultrasound image,
it is possible to use a sufficiently high ultrasound frequency.
That is, as for the ultrasound probe 71, it is possible to use an
ultrasound frequency higher than that of the EUS 2, and
hence, it is possible to obtain an ultrasound image with a
higher resolution.
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[0146] Thereby, it becomes possible to grasp more detailed
structure inside the objective area 121, such as a run state of
blood vessels not more than ¢1 mm which cannot be delin-
eated with the ultrasound transducer 30, and existence of a
tubercle with height of 2 mm or less.

[0147] When the ultrasound scan by the ultrasound probe
71 is completed, the ultrasound probe 71 is extracted from the
needle tube 54. Subsequently, various procedures are per-
formed according to observation result with an ultrasound
observation image. For example, required treatments, such as
suction sampling of a tissue or a cell from the needle tube 54,
injection of a liquid medicine, and insertion of a guide wire,
are performed consecutively.

[0148] Thus, in the present embodiment, the EUS-guided
puncture is performed. Then, after the EUS-guided puncture,
the ultrasound probe is inserted into a needle tube of a punc-
ture needle, after it is confirmed with the ultrasound observa-
tion by the EUS that a distal end of the ultrasound probe has
reached the interior of the objective area, the ultrasound probe
is made to scan, and then, the ultrasound image from the
interior of the objective area is obtained. In this way, an
interior structure of an objective area is observable in detail.
Since it is possible to grasp detailed structure inside an objec-
tive area before an operation, it becomes possible to perform
a subsequent treatment properly. In addition, it is possible to
achieve reduction of an operator’s load.

[0149] For example, it is possible to observe the interior of
the objective area in a position which is comparatively sepa-
rated from a stomach or a duodenum in detail, to make the
ultrasound probe arrive at the objective area even when the
objective area is a pathological change of a bile duct or a
pancreatic duct and cannulation is difficult, and to observe
detailed internal structure. Furthermore, it is also possible to
observe in detail a disease or a structure which exists in a
pancreas and gall area.

[0150] In addition, it is possible to grasp, for example,
presence of a minute blood vessel before an operation of
necrosis removal. When existence of the minute blood vessel
is confirmed, the necrosis removal is performed after first
solidifying the blood vessel by ethanol infusion or the like.
Thereby, time to spend on a hemostasis operation to bleeding
caused by the necrosis removal without confirming the pres-
ence of small blood vessels, which leads to reduction of an
operator’s load.

[0151] Furthermore, at the time of a diagnosis of an intra-
pancreatic bile duct papillary mucinous neoplasm (IPMN)), it
is possible to confirm existence of a minute tubercle which
cannot be delineated with the ultrasound transducer of the
EUS by performing puncture to the pathological change and
confirming the presence of a lesser tubercle, and to perform a
more reliable diagnosis.

[0152] In addition, since it becomes possible to perform
position confirmation of the ultrasound probe by ultrasound
observation by the ultrasound transducer of the EUS, it is
possible to eliminate or reduce X-ray exposure.

[0153] Furthermore, although procedure of performing
puncture to the objective area, thereafter extracting the stylet
904 from the needle tube 54 of the puncture needle 5, and
inserting the ultrasound probe 71 into the needle tube 54 is
used here, it is also satisfactory to insert beforehand the ultra-
sound probe 71 into the needle tube 54 before performing the
puncture. (Modified example)
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[0154] FIGS. 22 and 23 are outline perspective views show-
ing a modified example of the EUS.

[0155] AnEUS2A inFIGS. 22 and 23 differs from the EUS
2 in FIGS. 2 and 3 in that not only an ultrasound transducer
30a is used in place of the ultrasound transducer 30, but also
a protruding portion 131 is provided.

[0156] The ultrasound transducer 30a of the EUS 2A in
FIGS. 22 and 23 has a surface approximately parallel to the
distal end surface 21d, and its protruding quantity from the
distal end surface 21d is very small. Hence, the protruding
portion 33 does not exist in the ultrasound transducer 30a.
[0157] On the other hand, the protruding portion 131 is
provided in the EUS 2A similarly to the protruding portion
33. Thereby, the protruding portion 131 is delineated by the
ultrasound probe 38. The protruding portion 131 is provided
in a position except on a line linearly connecting the distal end
openings 32a and 326 mutually. In addition, in order that
ultrasound observation of the protruding portion 131 may
become easy, ultrasound reflection processing is given to a
surface of the protruding portion 131.

[0158] In addition, as the ultrasound reflection processing,
concavo-convex processing treatments, such as sand blasting
process, satin finish processing, and dimple processing treat-
ment, the coating treatment of a resin containing bubbles or
metal powder, and the like are conceivable.

[0159] Also in such a modified example configured, the
protruding portion 131 is delineated in the radial image
obtained by the ultrasound probe 38. A position of the pro-
truding portion 131 in the EUS 2A is known, and it is possible
to make a vertical direction of the radial image coincide with
a vertical direction of a linear image automatically by an
image of the protruding portion 131 delineated in the radial
image.

[0160] FIG. 24 is an outline perspective view showing
another modified example of the EUS.

[0161] The EUS 2B in FIG. 24 differs from the EUS 2 in
FIG. 3 in respect of including three treatment instrument
channels. The treatment instrument channel 31c¢ has a distal
end opening 32c¢ in the distal end surface 21d.

[0162] A treatment instrument such as a grasping forceps
135 can be inserted through the treatment instrument channel
31c. In addition, it is also possible to feed plain water or air
using the treatment instrument channel 31c.

[0163] According to such a configuration, it is possible to
insert the grasping forceps 135 to the treatment instrument
channel 31¢, and to hold a luminal wall during a scan of a
linear image and a radial image. Thereby, the insertion por-
tion 21 of the EUS 2B is stabilized and delicate position and
attitude control of the distal end of an endoscope become
possible.

[0164] In addition, it becomes possible to feed an ultra-
sound delineation medium, such as plain water or an ultra-
sound jelly, through the treatment instrument channel 31c.
Since the plain water and ultrasound jelly for transmitting an
ultrasound can be additionally supplied with keeping a state
that the radial image is delineated, even when a bubble
appears near the distal end of the endoscope and hinders
transfer of the ultrasound, it becomes possible to remove the
bubble quickly and to obtain a good ultrasound image.
[0165] FIGS. 25 and 26 are explanatory diagrams showing
a modified example of the ultrasound probe inserted through
the needle tube 54 of the puncture needle 5.

[0166] Unlike the ultrasound probe 71 in FIG. 7, an ultra-
sound probe 141 in FIG. 25 is not covered with a sheath. An
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ultrasound transducer 141a is provided in a distal end of the
ultrasound probe 141, and the ultrasound transducer 141a has
structure of being held by a housing 143. An ultrasound
reflection unit 144 is provided in a distal end side of the
housing 143. The ultrasound reflection unit 144 is given ultra-
sound reflection processing. As the ultrasound reflection pro-
cessing, for example, a known method, such as dimple pro-
cessing or sand blasting, is used.

[0167] Thehousing 143 is fixed to a shaft 142 in the proxi-
mal end side, and the shaft 142 is connected to the driving unit
4 in FIG. 1 and transmits a turning force to the housing 143.
The shaft 142 is a hollow layer coil, wiring which is not shown
is arranged therein, and the driving unit 4 and ultrasound
transducer 141a are electrically connected by this wiring.
[0168] An acoustic radiation surface of the ultrasound
transducer 141aq is filled with a material which transmits an
ultrasound, for example, a filler material 1415, such as poly-
methylpentene or polyethylene, and the whole housing 143
including the ultrasound transducer 141a is formed with this
filler material 1415 so as to have an approximately cylindrical
side face.

[0169] As shown in FIG. 26, the ultrasound connector 65 is
provided in the proximal end side of the ultrasound probe
141, which is connected to the driving unit 4 by this ultra-
sound connector 65. A sheath 148 covers the shaft 142 from
the ultrasound connector 65 to the handle portion 51 of the
puncture needle 5, and a ferrule 60c¢ provided in a distal end of
the sheath 148 is connected to the suction ferrule 59 of the
handle portion 51. Connecting structure of the suction ferrule
59 is made into the Luer connector.

[0170] In addition, although not shown, when a three-way
stopcock or a T-tube is provided between the ferrule 60c¢ and
suction ferrule 59, it becomes possible to inject a medium
through a gap between the needle tube 54 and shaft 142.
[0171] Furthermore, it is also sufficient to provide a sliding
mechanism in the proximal end side of the sheath 148, or the
like to make it possible to change a length from the ultrasound
connector 65 to the ferrule 60c.

[0172] Sincethe sheath of the ultrasound probe 141 is omit-
ted according to such a modified example, it becomes pos-
sible to use an ultrasound probe with the thinner needle tube
54. When the thinner needle tube 54 becomes usable, even
when an EUS-guided puncture is difficult with a thick needle
tube, itis possible to perform a puncture comparatively easily.
[0173] FIG. 27 is an explanatory diagram showing a modi-
fied example of the needle tube of the puncture needle
through which the ultrasound probe is made to be inserted.
[0174] The example of FIG. 27 adopts the needle tube 545
instead of the needle tube 54 in FIG. 25. In the example in
FIG. 27, as for the ultrasound probe 141, a portion of the
housing 143 holding the ultrasound transducer 141a is
arranged inside the needle tube 545. In the needle tube 545, a
plurality of slits 145 is provided in a position facing the
housing 143.

[0175] According to such a configuration, the ultrasound
probe 141 is inserted so that the ultrasound transducer 141a
may face the slit 145 of the needle tube 545. When the ultra-
sound probe 141 performs an ultrasound scan in this state, a
part of the ultrasound emitted from the ultrasound transducer
1414 is transmitted into an objective area through the slit 145,
and a part of a reflected ultrasound is received by the ultra-
sound transducer 141a through the slit 145. In this way, it is
possible to obtain an ultrasound image also in this modified
example.
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[0176] According to this modified example, since there is
no necessity of protruding the ultrasound probe 141 from the
needle tube 545 even if an interior of an objective area is not
a liquid but a solid tissue, an ultrasound scan becomes pos-
sible.

[0177] FIG. 28 is an explanatory diagram showing another
modified example of the needle tube of the puncture needle
through which the ultrasound probe is inserted.

[0178] An example in FIG. 28 adopts the needle tube 54¢
instead of the needle tube 544 in FIG. 27. In the needle tube
545, athin wall portion 146 is formed in a position facing the
housing 143. The thin wall portion 146 easily transmits an
ultrasound. Other configurations and operations and effects
are the same as those of the modified example in FIG. 27.
[0179] FIG. 29 is an explanatory diagram showing another
modified example of the needle tube of the puncture needle
through which the ultrasound probe is made to be inserted.
[0180] An example in FIG. 29 adopts a needle tube 544
instead of the needle tube 545 in FIG. 27. The needle tube 544
includes a resin (e.g., polyether ether ketone (PEEK) or the
like) into which a metal braid or a coil is impregnated, and a
distal end side from a portion of a distal end of the needle tube
which faces the ultrasound transducer 1414 includes only the
resin 147. The resin 147 easily transmits an ultrasound.
[0181] Other configurations and operations and effects are
the same as those of the modified example in FIG. 27.

Second Embodiment

[0182] FIGS. 30 and 31 are explanatory diagrams showing
a second embodiment of the present invention.

(Injection Using Ultrasound Contrast Agent)

[0183] The present embodiment facilitates observation in
the case of performing injection by the puncture needle S after
a puncture. For example, there is an EUS-guided celiac
plexus block as a pain relaxation therapy of a terminal pan-
creatic cancer. In order to paralyze or destroy a nerve plexus,
ethanol is injected into celiac plexus through a needle which
is punctured under EUS guide. Nevertheless, it is hard to see
the injected ethanol on an ultrasound image. For this reason,
it was difficult to confirm whether the injected ethanol was
spread to a desired area.

[0184] In the present embodiment, what contains an ultra-
sound contrast agent as a medicine to be injected is adopted.
As the ultrasound contrast agent, there are Definity (regis-
tered trademark) (Bristol-Myers Squibb), Sonazoid (regis-
tered trademark), and the like.

[0185] An operator contacts the ultrasound transducer 30 of
the EUS 2 with a luminal wall 151 as shown in FIG. 30 using
the method of the first embodiment. Then, an objective area
152, such as a nerve plexus, is caught in a desired position in
an ultrasound scan area 153. When doing so, as shown in FIG.
31, an image 162 of the objective area 152 is delineated in an
ultrasound image 161 on a display screen 160 of the display
unit 7.

[0186] In addition, on the ultrasound image 161, an image
164 corresponding to the needle tube 54 of the puncture
needle 5 is also delineated. When confirming that the image
162 is displayed in the desired position on the ultrasound
image 161, and that the distal end of the needle tube 54 is
located in the objective area 152 with the image 164, an
operator injects a liquid medicine, which contains an ultra-
sound contrast agent, through the needle tube 54.
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[0187] The liquid medicine injected from the needle tube
54 is diffused from a needle tip, and widens in the objective
area 152. Since containing the ultrasound contrast agent, this
liquid medicine is delineated on the ultrasound image 161 as
the image 165 of the liquid medicine as shown in FIG. 31.
Thereby, the operator can observe a situation of the injected
liquid medicine easily.

[0188] In addition, not only when injecting a liquid medi-
cine into a celiac plexus, but also when injecting a liquid
medicine into other locations, this can be applied similarly.
For example, this is applicable also to an injection of a liquid
medicine into a pancreatic cyst and the like. In addition, the
medicine is not limited to ethanol. It is also applicable to an
injection of an anticancer drug or a gene for a medical treat-
ment of a pancreatic cancer, and the like.

[0189] Thus, in the present embodiment, since a liquid
medicine to be injected is made to contain an ultrasound
contrast agent, the situation of the injected liquid medicine is
observable on an ultrasound image. An operator can confirm
the injection state and an injection range of the medicine with
an ultrasound image, and can perform various medical treat-
ments safely and efficiently.

(Observation of Insertion Shape of EUS Before Puncture)

[0190] By the way, in an EUS-guided puncture, because a
distal end of the EUS may move by a reaction force by the
puncture, depending on a condition, for an ultrasound image
to become difficult to be seen, much time may be spent on the
puncture. For example, depending on an insertion shape of
the EUS, a distal end portion of the EUS retreats because it
cannot bear a reaction force of a tissue at the time of a
puncture, an operation for correcting this is needed, and much
time may be spent on this operation.

[0191] FIG. 32is an explanatory diagram showing an inser-
tion shape of the EUS in this case. FIG. 32 shows an example
ofinserting the EUS into a stomach 171. An insertion portion
shape 172 is in a direction approximately parallel to a punc-
ture direction 174 to a stomach wall. On the other hand, an
insertion portion shape 173 has a large angle between an
insertion direction and a puncture direction 174 to a stomach
wall in a puncture position. That is, in the state of the insertion
portion shape 173, the distal end portion of the EUS may
retreat by a reaction of the stomach wall, and an operation for
correcting this may be needed.

[0192] Then, an operator confirms a shape of the insertion
portion 21 of the EUS 2 three-dimensionally, after making an
objective area delineated by ultrasound observation of the
EUS 2 (referto FIG. 1) . In addition, a magnetic sensor system
can be used as means to confirm a shape of the insertion
portion of the EUS. The magnetic sensor system is described
in full detail in Japanese Patent Application Laid-Open Pub-
lication No. 9-28662, Japanese Patent Application Laid-Open
Publication No. 2001-46318, and the like.

[0193] That is, first, at a first step, an operator inserts an
EUS into a luminal portion suitable for delineating an objec-
tive area, starts an ultrasound scan, and delineates the objec-
tive area with an ultrasound image. Next, at a second step, the
operator inserts an insertion portion shape detection probe of
the magnetic sensor system into a treatment instrument chan-
nel, and grasps an insertion portion shape three-dimension-
ally.

[0194] When the insertion portion shape is a shape like the
insertion portion shape 173 in FIG. 32, at a third step, the
operator modifies the insertion portion shape so as to become
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the insertion portion shape 172 in FIG. 32, and delineates the
ultrasound image of the objective area again. At the next
fourth step, when the insertion portion shape of the EUS is in
the state of being comparatively linearized like the insertion
portion shape 172 and the objective area can be delineated in
the ultrasound image, the operator extracts the insertion por-
tion shape detection probe from the treatment instrument
channel.

[0195] At the next fifth step, with paying attention so as not
to change the shape of the insertion portion, the operator
inserts a puncture needle through the treatment instrument
channel, and performs an EUS-guided puncture.

[0196] Inaddition, it is also possible to adopt a mechanism
of changing hardness of the insertion portion as means to
modify the insertion portion shape of the EUS at the third
step. Such a hardness changeable mechanism is described in
Japanese Patent Application Laid-Open Publication No.
2003-111717, Japanese Patent Application Laid-Open Pub-
lication No. 2001-37704, Japanese Patent Application Laid-
Open Publication No. 5-168586, and the like in full detail.
[0197] WhenanEUS including such a hardness changeable
mechanism is used in an insertion portion, at the third step, the
insertion portion is linearized by raising the hardness of the
insertion portion. Thereby, it is possible to obtain a linear
insertion shape like the insertion portion shape 172. In addi-
tion, in the case of inserting an EUS with searching an objec-
tive area by an ultrasound scan, it enhances flexibility of an
insertion portion. Thereby, both of good insert performance
and exact puncture performance can be obtained.

[0198] When grasping the insertion portion shape of the
EUS exactly three-dimensionally and performing lineariza-
tion as much as possible at the third step, even when receiving
areaction force at the time of a puncture, the distal end portion
of the EUS is less liable to retreat.

[0199] Inaddition, if the distal end portion of the EUS does
not retreat, while puncturing, it is possible to obtain a good
ultrasound image and to perform a puncture in a short time. In
addition, according to the above-described method, a grasp of
a two-dimensional shape using X-rays is unnecessary, and
there is also no possibility of exposure.

[0200] Thus, by making the insertion shape into a linear
shape, a puncture into an objective area can be performed in
ashorter time, and it becomes possible to shift to a subsequent
treatment quickly. This leads to shortening of procedure time
and an operator’s burden and a patient’s pain can be reduced.
[0201] By the way, in the above description, the insertion
portion shape detection probe is inserted into the treatment
instrument channel at the second step. On the other hand, a
trouble of inserting an insertion portion shape detection probe
can be saved by providing an insertion portion shape detec-
tion mechanism in the EUS itself.

[0202] FIG. 33 is an explanatory diagram showing an EUS
which has such an insertion portion shape detection mecha-
nism.

[0203] A distal end rigid portion 182 is provided in a distal
end of an insertion portion of an EUS 181. An illumination
optical system, an objective optical system, and the like
which are not shown are provided in the distal end rigid
portion 182. In a further distal end side than the distal end
rigid portion 182, an ultrasound transducer 184 is installed
inside the housing 183. An ultrasound cable 187 is wired to
the ultrasound transducer 184, and the proximal end side of
the ultrasound cable 187 is covered with a shield 188 and an
insulating tube 189.
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[0204] A treatment instrument channel 185 is provided in
the distal end rigid portion 182, and the treatment instrument
channel 185 is extended to a channel opening portion 186. A
channel tube 192 is connected to a proximal end side of the
treatment instrument channel 185 through a channel ferrule
191.

[0205] Sensor coils 193-1, 193-2 . . . are arranged with
keeping adequate spaces from near a distal end of the channel
tube 192 so as to cover the channel tube 192. A signal cable
which is not shown is wired to each of the sensor coils 193-1,
193-2 .. ., and is connected to a shape detecting apparatus
which is not shown. Details of the shape detecting apparatus
are disclosed in Japanese Patent Application Laid-Open Pub-
lication No. 9-28662 and Japanese Patent Application Laid-
Open Publication No. 2001-46318. The shape detecting
apparatus can detect a shape of an insertion portion on the
basis of signals from the sensor coils 193-1,193-2 .. ..

[0206] In addition, a shield 188 is provided in a portion of
the ultrasound cable which runs side by side with the sensor
coils 193-1,193-2 . . .. Thereby, electrical noise (electromag-
netic waves) arising by ultrasound transmission and reception
does not mix in the sensor coils 193-1,193-2 .. ., and does not
lower position detection capability.

[0207] Furthermore, a plurality of strain gages 195 shown
in FIG. 34 may be provided instead of the sensor coils 193-1,
193-2 . ... FIG. 34 is an explanatory diagram for describing
arrangement of strain gages. FIG. 34 shows an example of
providing the strain gages 195 in three places of a circumfer-
ence of the channel tube 192. The strain gages 195 can detect
elongation conditions (bending state) of the channel tube 192.
It is possible to detect an insertion portion shape from the
elongation conditions of the channel tube 192.

[0208] Moreover, in order to detect a bend of the channel
tube 192, it is good to install at least three pieces of strain
gages 195 equivalently on a circumference in the same loca-
tion in an axial direction. It is possible to enhance detection
accuracy by increasing the number of the strain gages 195
arranged in the same location in the axial direction.

[0209] In addition, an insertion portion shape determina-
tion portion which compares angle information of a distal end
side and a proximal end side may be provided in the shape
detecting apparatus. When an angle of the distal end rigid
portion 182 of the insertion portion of the EUS 181 and the
proximal end which is not shown is 90 degrees or more
according to the insertion portion shape determination por-
tion, the shape detecting apparatus may present an operator
alarm display or a beep sound.

[0210] Itis possible to omit time and effort of inserting the
insertion portion shape detection probe into the treatment
instrument channel at the second step by adopting the EUS
which has such the insertion portion shape detection mecha-
nism.

[0211] In addition, when the insertion portion shape deter-
mination portion is provided in the shape detecting apparatus,
it is also possible to judge necessity for correction of an
insertion portion shape by the alarm display or beep sound on
the basis of its determination. In this case, since what is
necessary is to modify an insertion portion shape only when
the alarm display or beep sound is given, a judgment of
necessity of correction of an insertion portion shape can be
made simply and promptly, thereby offering excellent work-
ing efficiency. Thereby, it is possible to shorten procedure
time.
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[0212] Furthermore, in order to enhance insertion portion
shape detection capability, a puncture needle 201 shown in
FIG. 35 is also adoptable. FIG. 35 is an explanatory diagram
showing an ultrasound endoscope which adopts another
puncture needle. The puncture needle 201 shown in FIG. 35
has a needle tube 202 and a sheath 203, which contains the
needle tube 202 slidably, in the insertion portion.

[0213] In the sheath 203, metal pipes 205-1, 205-2 . . .
which are made of ferromagnetic substance, such as iron or
nickel, are press-fit and fixed in locations which approxi-
mately coincide with the sensor coils 193-1,193-2 . . . respec-
tively when the sheath 203 is inserted into the treatment
instrument channel 185 and an operating handle in a proximal
end side which is not shown is fixed to the EUS.

[0214] According to such a configuration, at the second
step mentioned above, the puncture needle 201 in FIG. 35 is
inserted into the treatment instrument channel 185 instead of
the insertion portion shape detection probe. The detection
capability of a magnetic field by the respective coils 193-1,
193-2...isimproved by the ferromagnetic substance of metal
pipes 205-1, 205-2 . . . provided in the sheath 203 of the
puncture needle 201. Thereby, it is possible to detect and
display the insertion portion shape more correctly. In addi-
tion, position detection is possible even in a weaker magnetic
field and an advantageous effect that power consumption can
be reduced is also expectable.

[0215] Having described the preferred embodiments of the
invention referring to the accompanying drawings, it should
beunderstood 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 depart-
ing from the spirit or scope of the invention as defined in the
appended claims.

What is claimed is:

1. An ultrasound endoscope system, comprising:

an insertion portion which is insertable into a body of a
subject;

a distal end surface formed at a distal end of the insertion
portion;

a protruding portion which is provided on the distal end
surface, which protrudes by a predetermined amount,
and which can be delineated on an ultrasound image;

a first ultrasound observation unit which is provided to the
distal end surface and has a predetermined observation
region;

a puncture needle which is insertable to and extractable
from the predetermined observation region;

a channel having an opening in the distal end surface; and

an ultrasound probe which is drawn out from the channel
opening, for observing the protruding portion and the
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puncture needle in a slicing direction different from that
of the first ultrasound observation unit, and obtaining the
ultrasound image including the protruding portion and
the puncture needle.

2. The ultrasound endoscope system according to claim 1,
further comprising:

the first ultrasound observation unit; and

an ultrasound observation apparatus connected to the ultra-

sound probe, wherein,

the ultrasound observation apparatus simultaneously

delineates information on a first ultrasound reflection
wave transmitted from the first ultrasound observation
unit and information on a second ultrasound reflection
wave transmitted from the ultrasound probe as an ultra-
sound image on a display unit, and

an image of the puncture needle included in the informa-

tion on the first ultrasound reflection wave and an image
of the puncture needle included in the information on the
second ultrasound reflection wave are displayed
together at a predetermined positional relation on the
display unit.

3. The ultrasound endoscope system according to claim 1,
further comprising:

the first ultrasound observation unit; and

an ultrasound observation apparatus connected to the ultra-

sound probe, wherein the ultrasound observation appa-
ratus simultaneously delineates information on a first
ultrasound reflection wave transmitted from the first
ultrasound observation unit and information on a second
ultrasound reflection wave transmitted from the ultra-
sound probe as an ultrasound image on a display unit,
and

an image of the puncture needle included in the informa-

tion on the first ultrasound reflection wave and an image
of the protruding portion included in the information on
the second ultrasound reflection wave are displayed
together at a predetermined positional relation on the
display unit.

4. The ultrasound endoscope system according to claim 3,
wherein the ultrasound observation apparatus displays a scan
area of the first ultrasound observation unit on an ultrasound
image based on the information on the second ultrasound
reflection wave.

5. The ultrasound endoscope system according to claim 1,
wherein the first ultrasound observation unit is provided in the
protruding portion.

6. The ultrasound endoscope system according to claim 1,
wherein the first ultrasound observation unit and the protrud-
ing portion are provided as separate bodies.
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