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(57) ABSTRACT

Provided is an ultrasonic endoscope. A treatment tool lead-
out portion having an erecting base that erects a treatment tool
led out of a treatment tool channel is arranged on a base end

(22) Filed: Jun. 6,2013 . . . - .
side of an ultrasonic transducer in a tip part rigid portion of an
(30) Foreign Application Priority Data endoscope insertion section. The ultrasonic transducer and
the treatment tool lead-out portion are arranged at a position
Fun. 7,2012  (P) oo 2012-129900  shifted in the direction orthogonal to a scanning plane (scan-
ning center plane) of'an ultrasonic wave, and the erecting base
Publication Classification is rotated around a rotational axis in a direction orthogonal to
the scanning plane, and a guide surface is formed so as to
(51) Inmt.Cl guide the treatment tool in a direction intersecting the scan-

A61B 8/12 (2006.01) ning plane.
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ULTRASONIC ENDOSCOPE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic endo-
scope. and particularly, to an ultrasonic endoscope including
an ultrasonic observation portion that has an ultrasonic trans-
ducer at a tip part of an insertion section to be inserted into a
body cavity, and a treatment tool lead-out portion (treatment
toollead-out port) that has an erecting base capable of chang-
ing the lead-out direction of'the treatment tool from the treat-
ment tool channel.

[0003] 2. Description of the Related Art

[0004] As ultrasonic endoscopes, an ultrasonic endoscope
including an electronic scanning type ultrasonic transducer
ona tip side of an insertion section of an endoscope is known.
While an ultrasonic image of a lesion is acquired by the
ultrasonic transducer, puncturing the lesion with a puncturing
treatment tool led out into a body cavity through a treatment
tool channel so as to collect cells or the like is performed.
[0005] In this type of ultrasonic endoscope, an endoscopic
observation portion for acquiring an optical observation
image (referred to as endoscopic image in the present speci-
fication), an ultrasonic observation portion for acquiring an
ultrasonic image (tomographic image), and a treatment tool
lead-out portion for leading out a treatment tool inserted
through a treatment tool channel into the body cavity are
arranged at a tip part (tip rigid part) of an insertion section to
be inserted into the body cavity.

[0006] In a related-art ultrasonic endoscope, as in JP1993-
344973A (JP-H5-344973), an ultrasonic transducer of the
ultrasonic observation portion is arranged at the tip part, and
the treatment tool lead-out portion (treatment tool lead-out
port) is arranged on a base end side of the ultrasonic trans-
ducer. An observation optical system of the endoscopic obser-
vation portion is arranged at one side portion of the treatment
tool lead-out port.

[0007] The treatment tool lead-out port is provided with an
erecting base (referred to as a raising base) capable of chang-
ing the lead-out direction of a treatment tool led out of a
conduit opening (conduit lead-out port) of the treatment tool
channel. The erecting base bends a treatment tool from the
treatment tool channel, which is led out of the conduit open-
ing of the treatment tool channel, by a guide surface so as to
guide the treatment tool in a predetermined lead-out direc-
tion, and is rotated around a rotational axis orthogonal to a
scanning plane of the ultrasonic transducer so as to change the
lead-out direction.

[0008] The treatment tool lead-out port including such an
erecting base is configured so as to lead out the treatment tool
from a position on almost the same plane as a scanning plane
that is scanned with an ultrasonic wave by the ultrasonic
transducer and so as to lead out the treatment tool parallel to
the scanning plane irrespective of the erection angle of the
erecting base. Accordingly, the treatment tool led out of the
treatment tool lead-out portion advances along the scanning
plane, and is projected on an ultrasonic image acquired by the
ultrasonic observation portion.

[0009] The following ultrasonic endoscopes are suggested
in JP2007-215634A and JP2010-4945A with respect to the
ultrasonic endoscope of such a general configuration of the
related-art.

[0010] JP2007-215634A suggests an ultrasonic endoscope
including a mechanism that changes the direction of the rota-
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tional axis for turning the erecting base to change the erection
angle thereof, to a direction around an axis orthogonal to the
rotational axis. According to this, by changing the direction of
the rotational axis of the erecting base to a direction different
from the direction orthogonal to the scanning plane, the lead-
out direction of the treatment tool from the treatment tool
channel can be adjusted even in a direction different from a
direction parallel to the scanning plane, and the treatment tool
can be precisely guided even to a treatment region that is not
on the scanning plane.

[0011] JP2010-4945A suggests an ultrasonic endoscope
that enables an endoscope to be inserted into a body cavity so
as to perform an endoscopic retrograde cholangiopancreatog-
raphy (ERCP) and in a case where a suspected lesion, such as
cancer, is found, enables endoscopic ultrasound-guided fine-
needle aspiration (FNA) to be performed without extracting
the endoscope out of the body cavity so as to collect tissues of
the lesion to perform a pathological examination.

[0012] According to this, the insertion section is provided
with a first treatment tool channel and a second treatment tool
channel, and a side-view-type endoscopic observation por-
tion for acquiring an endoscopic image, and a first erecting
base that erects a treatment tool, such as an imaging tube led
out of alead-out port of the first treatment tool channel, within
a visual field of the endoscopic observation portion that is
disposed on the tip side of the tip rigid part. Thereby, ERCP
can be performed using the first treatment tool channel, the
first erecting base, and the endoscopic observation portion.
[0013] On the other hand, an ultrasonic transducer for
acquiring an ultrasonic image, and a second erecting base that
erects a treatment tool, such as a puncture needle led out of a
lead-out port of the second treatment tool channel, within an
observation range (scanning region) of the ultrasonic trans-
ducer are disposed on the base end side of the rigid tip part.
This makes it possible to perform FNA using the second
treatment tool channel, the second erecting base, and the
ultrasonic transducer without extracting the endoscope out of
the body cavity after ERCP.

[0014] Additionally, the endoscope of this JP2010-4945A
discloses that the first erecting base arranged further toward
the tip side than the ultrasonic transducer may be made rotat-
able around an axis along an insertion axis of the insertion
section, and the treatment tool led out of the lead-out port of
the first treatment tool channel may be made to tilt within the
scanning region of the ultrasonic transducer so that the treat-
ment tool can also be observed by the ultrasonic image.

SUMMARY OF THE INVENTION

[0015] Incidentally, as in the tip part of the ultrasonic endo-
scope described in JP1993-344973 A (JP-H5-344973), in the
related-art, the erecting base of the treatment tool lead-out
port leads out the treatment tool from the treatment tool
channel from a position on the scanning plane of the ultra-
sonic transducer. Therefore, a substantial center of the treat-
ment tool lead-out port and the erecting base in the width
direction (direction orthogonal to the scanning plane) is
arranged so as to be located at a position on the scanning
plane. Since the observation optical system of the endoscopic
observation portion is arranged at one side portion of the
treatment tool lead-out port, a non-used region that is not
effectively used is present at the other side portion. Accord-
ingly, the diameter of the tip part can be reduced by reducing
the non-used region. In that case, however, it is necessary to
arrange the treatment tool lead-out port (erecting base) so as
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to shift to the non-used region side, and to arrange the obser-
vation optical system so as to shift to the scanning plane side
correspondingly.

[0016] However, if the treatment tool lead-out port (erect-
ing base) is arranged so as to shift to the non-used region side,
the treatment tool from the treatment tool channel is no longer
led out of a position on the scanning plane. Therefore the
treatment tool may not pass through the scanning region of
the ultrasonic transducer over a wide range. Accordingly, the
treatment tool lead-out port cannot be simply arranged so as
to shift to the non-used region side.

[0017] Onthe other hand, in a case where the treatment tool
lead-out port is arranged so as to shift to the non-used region
side to reduce the diameter of the tip part, itis considered that
the treatment tool is configured so as to pass through the
scanning region of the ultrasonic transducer by obliquely
tilting the rotational axis of the erecting base with respect to
the scanning plane and leading out the treatment tool from the
treatment tool channel in a direction obliquely intersecting
the scanning plane, for example as in JP2007-215634A and
JP2010-4945A.

[0018] However, even in this case, the intersection angle
between the treatment tool and the scanning plane changes
according to the erection angle of the erecting base (the rota-
tion angle around the rotational axis of the erecting base), that
is, the lead-out angle of the treatment tool from the treatment
tool lead-out port. Therefore, if the tilt angle when the rota-
tional axis of the erecting base is obliquely tilted with respect
to the scanning plane is fixed, there is a problem in that the
erection angle of the erecting base at which the treatment tool
can be favorably guided into the scanning region is limited to
an extremely small range. In order to solve this problem, the
tilt angle of the rotational axis of the erecting base may be
changed according to the erection angle of the erecting base.
However, such a change operation by an operator places a
large burden to the operator, and a mechanism for changing
the tilt angle of a rotational axis is also required, there is a
problem in that configuration becomes complicated.

[0019] The invention has been made in view of such cir-
cumstances, and an object thereof is to provide an ultrasonic
endoscope that can reduce a non-used region of a tip part ofan
insertion section to reduce the diameter of the tip part or the
like and can favorably guide a treatment tool into a scanning
region of an ultrasonic observation portion over a wide range
ofthe erection angle (the erection angle of an erecting base) of
the treatment tool from a treatment tool lead-out port without
causing an increase in operational burden or complication of
configuration.

[0020] In order to achieve the above object, an ultrasonic
endoscope of the invention includes an insertion section to be
inserted into a body cavity; an ultrasonic observation portion
located on a tip side of the insertion section and having an
ultrasonic transducer that has a plane parallel to the longitu-
dinal axis of the insertion section as a scanning plane; a
treatment tool lead-out port arranged further toward a base
end side than the ultrasonic observation portion, provided so
as to be capable of leading out a treatment tool inserted
through a treatment tool channel of the insertion section, a
central axis of the treatment tool lead-out port being arranged
at a position apart in a normal direction from the scanning
plane; and an erecting base arranged at the treatment tool
lead-out port, configured so as to be rotatable around a rota-
tional axis vertical to the scanning plane, changeably adjust-
ing the erection angle of the treatment tool led out of the
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treatment tool lead-out port, and having a guide surface that
bends the treatment tool led out of the treatment tool lead-out
port in the direction of the scanning plane.

[0021] According to the invention, since the central axis of
the treatment tool lead-out port can be shifted and arranged at
a position apart in the normal direction from the scanning
plane of the ultrasonic observation portion, a non-used region
of the tip part can be reduced to decrease the diameter of the
tip part or the like. Additionally, since the erecting base is
rotated around the rotational axis orthogonal to the scanning
plane so as to change the erection angle of the treatment tool,
and the treatment tool led out of the treatment tool lead-out
port is bent in the direction of the scanning plane at a constant
inclination angle by the guide surface irrespective of the
erection angle, the intersection angle between the treatment
tool and the scanning plane becomes a constant angle irre-
spective of the erection angle of the treatment tool, and the
treatment tool led out of the treatment tool lead-out port is
favorably guided into a range near the scanning plane of the
ultrasonic observation portion, that is, the range of the scan-
ning region of the ultrasonic observation portion over a wide
range of the erection angle of the treatment tool.

[0022] Inthe invention, a form can be adopted in which the
ultrasonic observation portion has a region having a prede-
termined width in a direction orthogonal to the scanning
plane as a scanning region of an ultrasonic wave transmitted
and received by the ultrasonic transducer, and the guide sur-
face of the erecting base guides a lead-out portion of the
treatment tool led out of the treatment tool lead-out port into
the scanning region.

[0023] According to this, the treatment tool is favorably
observed by an ultrasonic image in a wide range of the erec-
tion angle due to bending by the guide surface of the erecting
base.

[0024] In addition, the scanning region observed as an
ultrasonic image by the ultrasonic observation portion is a
region having a three-dimension spread that is irradiated with
an ultrasonic wave. In the present specification, a plane pass-
ing through the center of the scanning region is referred to as
the scanning plane.

[0025] Inthe invention, a form can be adopted in which an
observation optical system is arranged at a side portion of the
treatment tool lead-out port further toward the base end side
than the ultrasonic observation portion. By arranging the
observation optical system in this way, the treatment tool
lead-out port including the erecting base that occupies a large
region in the tip part and the observation optical system can be
arranged in a well-balanced manner at the tip part, and the
diameter of the tip part can be reduced.

[0026] Inthe invention, a form can be adopted in which the
ultrasonic endoscope further includes two erecting bases
arranged at respective treatment tool lead-out ports of two
treatmertt tool channels, and at least one erecting base of the
two erecting bases includes the guide surface. Since it is
possible to shift and arrange the treatment tool lead-out port
from a position on the same plane as the scanning plane, it is
possible to arrange the two erecting bases, and it is possible to
provide the two treatment tool channels in the ultrasonic
endoscope.

[0027] Intheinvention, a form can be adopted in which one
erecting base of the two erecting bases is arranged further
toward the base end side than the other erecting base. Accord-
ing to this, a situation in which the treatment tools led out via
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the two erecting bases, respectively, overlap each other com-
pletely on an ultrasonic image and one treatment tool is not
observed can be prevented.

[0028] According to the invention, a non-used region of the
tip part of the insertion section can be reduced to decrease the
diameter of the tip part or the like and a treatment tool can be
favorably guided into the scanning region of the ultrasonic
observation portion over a wide range of the erection angle
(the erection angle of the erecting base) of the treatment tool
from the treatment tool lead-out port without causing an
increase in operation burden or complication of configura-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.11is an appearance configuration view showing
the overall configuration of an ultrasonic inspection system
using an ultrasonic endoscope to which the invention is
applied.

[0030] FIG. 2 is a schematic configuration view showing
the overall configuration of the ultrasonic inspection system
using the ultrasonic endoscope to which the invention is
applied.

[0031] FIG. 3 is a perspective view of a tip rigid part of the
ultrasonic endoscope.

[0032] FIG. 41s a plan view (top view) of the tip rigid part
of the ultrasonic endoscope.

[0033] FIG. 5 is a side view of the tip rigid part of the
ultrasonic endoscope.

[0034] FIG. 6 is a front view of the tip rigid part of the
ultrasonic endoscope.

[0035] FIG. 7 is an enlarged perspective view showing an
erecting base housing portion of a treatment tool lead-out
portion.

[0036] FIG. 8 is a perspective view showing only the erect-
ing base arranged in the erecting base housing portion of the
treatment tool lead-out portion.

[0037] FIGS.9A to 9D are four side views showing only the
erecting base arranged in the erecting base housing portion of
the treatment tool lead-out portion where FIG. 9A is a front
view, FIG. 9B is a plan view, FIG. 9C is a right side view, and
FIG. 9D is a left side view.

[0038] FIG.10is aplan view of the tip rigid part showing a
scanning region.

[0039] FIG. 11 is a side view of the tip rigid part showing
the scanning region.

[0040] FIG. 12 is a front view of the tip rigid part showing
the scanning region.

[0041] FIG. 13 is a perspective view showing the relation-
ship between a locus drawn by a lead-out portion of the
treatment tool and the scanning region in a case where the
erection angle of the erecting base is changed.

[0042] FIG. 14 is a plan view showing the relationship
between the locus drawn by the lead-out portion of the treat-
ment tool in a case where the erection angle of the erecting
base is changed.

[0043] FIG. 15 is a plan view showing the relationship
between the locus drawn by the lead-out portion of the treat-
ment tool and the scanning region in a case where the erection
angle of the erecting base is changed.

[0044] FIG. 16 is a bottom view showing the relationship
between the locus drawn by the lead-out portion of the treat-
ment tool and the scanning region in a case where the erection
angle of the erecting base is changed.
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[0045] FIGS. 17A to 17C are cross-sectional views show-
ing forms of scanning regions at positions of cross-sections
including the lead-out portion of the treatment tool at an
arbitrary erection angles (an arbitrary lead-out angle of the
treatment tool) of the erecting base.

[0046] FIG. 18 is a perspective view showing the relation-
ship between a locus drawn by a lead-out portion of a treat-
ment tool and a scanning region in a case where the erection
angle of an erecting base is changed in a related-art form.
[0047] FIG. 19 is a graph showing the outline of the rela-
tionship of between the lead-out angle and intersection angle
of the treatment tool in the related art.

[0048] FIG. 20 is a graph showing the outline of the rela-
tionship of between the lead-out angle and intersection angle
of the treatment tool in the invention.

[0049] FIG. 21 is a plan view showing the arrangement of
constituent elements of the tip rigid part of another form
(second embodiment).

[0050] FIG. 22 is a plan view showing a modification
example of the second embodiment of FIG. 21.

[0051] FIG. 23 is a front view schematically showing the tip
rigid part.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0052] Preferred embodiments of an ultrasonic endoscope

related to the invention will be described below in detail with
reference to the accompanying drawings.

[0053] FIGS.1 and 2 are an appearance configuration view
and a schematic configuration view showing the overall con-
figuration of an ultrasonic inspection system using an ultra-
sonic endoscope to which the invention is applied.

[0054] As shown in these drawings, an ultrasonic inspec-
tion system 2 is configured to include an ultrasonic endoscope
10 that takes the endoscopic image (optical observation
image) and an ultrasonic image (tomographic image by an
ultrasonic wave) within a body cavity, an ultrasonic processor
unit 12 that generates the ultrasonic image, an endoscopic
processor unit 14 that generates the endoscopic image, a light
source device 16 that supplies illumination light for illumi-
nating the inside of the body cavity to the ultrasonic endo-
scope 10, and a monitor 18 that displays the endoscopic
image or the ultrasonic image.

[0055] The ultrasonic endoscope 10 is constituted by an
insertion section 22 to be inserted into the body cavity, an
operation section 24 coupled to a base end portion of the
insertion section 22, and a universal cord 26 that has one end
connected to the operation section 24. An ultrasonic connec-
tor 28 connected to the ultrasonic processor unit 12, an endo-
scopic connector 30 connected to the endoscopic processor
unit 14, and a light source connector 32 connected to the light
source device 16 are provided at the other end portion of the
universal cord 26. The ultrasonic endoscope 10 is detachably
connected to the ultrasonic processor unit 12, the endoscopic
processor unit 14, and the light source device 16 via the
connectors 28, 30, and 32, respectively.

[0056] The ultrasonic processor unit 12, the endoscopic
processor unit 14, and the light source device 16 are placed on
acart 20 with casters as shown in FIG. 1, and can be integrally
and freely moved. The cart 20 is provided with a supporting
post 34, and the monitor 18 is held by the supporting post 34.
The supporting post 34 includes a rotating mechanism and a
height-adjusting mechanism, and can adjust the direction and
the height of a screen of a monitor 18.
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[0057] The ultrasonic endoscope of the present embodi-
ment is a convex ultrasonic endoscope, and is constituted by
the insertion section 22, the operation section 24, and the
universal cord 26 as mentioned above.

[0058] As shown in FIG. 2, the insertion section 22 to be
inserted into the body cavity is constituted by a tip rigid part
(tip part) 40 formed of a tip member, a bendable bending part
42 that is provided continuously with a base end side of the tip
rigid part 40, and a soft part 44 that couples a base end side of
the bending part 42 and a tip side of the operation section 24
together, and is small-diametered, lengthy, and has flexibility,
sequentially from a tip side thereof. Additionally, the inside of
the insertion section 22 is formed with a treatment tool chan-
nel (not shown) that allows insertion from the base end to the
tip.

[0059] The tip rigid part 40 is provided with an ultrasonic
observation portion 50, an endoscopic observation portion
52, and a treatment tool lead-out portion (treatment tool lead-
out port) 54 as will be described below in detail.

[0060] The ultrasonic observation portion 50 has an ultra-
sonic transducer in which an ultrasonic wave transmitting and
receiving surface is formed by arraying a plurality of ultra-
sonic transducers that transmit and receive an ultrasonic
wave. An ultrasonic signal for generating a tomographic
image of a cellular tissue that is present further in the depth
direction than the wall of the body cavity as an ultrasonic
image is acquired by the ultrasonic observation portion 50.
[0061] The endoscopic observation portion 52 is consti-
tuted by a constituent member, an imaging element, its
peripheral circuit, or the like of an observation optical system
and an illumination optical system, and an imaging signal for
optically imaging the wall surface of the body cavity to dis-
play an endoscopic image for observation is acquired by the
ultrasonic observation portion 50.

[0062] The treatment tool lead-out portion (treatment tool
lead-out port) 54 includes an erecting base that leads out tip
parts of various treatment tools 56, which are inserted through
the treatment tool channel, into the body cavity, and is capable
of changing the lead-out direction of the treatment tools 56
from the treatment tool channel as will be described below in
detail.

[0063] The operation section 24 coupled to a base end side
of the insertion section 22 is a constituent portion gripped by
an operator, and includes an operating member for perform-
ing various operations. For example, the operation section 24
includes an angle knob 24a that operates to bend the bending
part 42 of the insertion section 22 vertically and horizontally,
an erecting lever 24b that erects the erecting base, a suction
button 24¢ for performing a suction operation, an air/water
supply button 244 of for performing an air/water supply
operation, a plurality of operating members 24e that perform
display switching of the monitor, a freeze instruction or
release instruction of a display image, or the like.

[0064] Additionally, a treatment tool insertion port 24f for
inserting the various treatment tools 56 into the treatment tool
channel is provided on the tip side of the operation section 24
so as to protrude therefrom.

[0065] The universal cord 26 that has one end connected to
the operation section 24 has therein various signal lines that
transmit an electrical signal or the like, a light guide that
transmits illumination light, or the like. A tip portion of the
universal cord 26 is provided with the ultrasonic connector 28
connected to the ultrasonic processor unit 12, the endoscopic
connector 30 connected to the endoscopic processor unit 14,
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and the light source connector 32 connected to the light
source device 16 as described above.

[0066] Thereby, the ultrasonic observation portion 50 of the
tip rigid part 40 of the insertion section 22 and the ultrasonic
processor unit 12 are connected by a signal line inserted
through the insertion section 22, the operation section 24, and
the universal cord 26, and the endoscopic observation portion
52 of the tip rigid part 40 of the insertion section 22 and the
endoscopic processor unit 14 are connected by a signal line
inserted through the insertion section 22, the operation sec-
tion 24, and the universal cord 26. Additionally, the illumina-
tion optical system of the tip rigid part 40 of the insertion
section 22 and the light source device 16 are connected by the
light guide inserted through the insertion section 22, the
operation section 24, and the universal cord 26.

[0067] Theultrasonic processor unit 12 drives an ultrasonic
transducer (to be described below) of the ultrasonic observa-
tion portion 50 to thereby acquire from the ultrasonic obser-
vation portion 50 an electrical signal (ultrasonic signal)
obtained by transmitting a predetermined frequency of an
ultrasonic wave toward an observation object and receiving
an ultrasonic wave reflected from the observation object, and
performs various kinds of signal processing to thereby gen-
erate a video signal for an ultrasonic image.

[0068] The endoscopic processor unit 14 controls driving
of the imaging element of the endoscopic observation portion
52 of the ultrasonic endoscope 10 to thereby acquire an imag-
ing signal transmitted from the imaging element, and per-
forms various kinds of signal processing to generate a video
signal for an endoscopic image.

[0069] The light source device 16 supplies illumination
light emitted from the illumination optical system of the tip
rigid part 40 in order to illuminate an observation visual field
range defined by the endoscopic observation portion 52.
[0070] Themonitor 18 receives the respective video signals
generated by the ultrasonic processor unit 12 and the endo-
scopic processor unit 14 to display the ultrasonic image or the
endoscopic image. As for the display of the ultrasonic image
or endoscopic image, it is possible to appropriately only
switch any one image of the images to display the image on
the monitor 18, simultaneously display both the images, or
the like. In addition, a monitor for displaying the ultrasonic
image and a monitor for displaying the endoscopic image
may be separately provided, or these ultrasonic images and
endoscopic image may be displayed in other arbitrary forms.
[0071] Next, the configuration of the tip rigid part 40 of the
ultrasonic endoscope 10 will be described in detail. FIGS. 3,
4,5, and 6 are a perspective view, a plan view, a side view, and
a front view of the tip rigid part 40, respectively.

[0072] As shown in these drawings, the tip rigid part 40 is
provided with the ultrasonic observation portion 50, the endo-
scopic observation portion 52, and the treatment tool lead-out
portion (treatment tool lead-out port) 54.

[0073] The ultrasonic observation portion 50 has an ultra-
sonic transducer 60 that is configured by arraying ultrasonic
transducers along the direction of an insertion axis (central
axis) Z of the insertion section 22 that serves as the longitu-
dinal axis of the tip rigid part 40. The respective ultrasonic
transducers that constitutes the ultrasonic transducer 60 is
arrayed from a position near the tip of the tip rigid part 40
toward the base end side (back side) in the direction of the
insertion axis Z, and an ultrasonic wave transmitting and
receiving surface 60q that transmits and receives an ultrasonic
wave has a convexly curved shape toward the direction of the
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insertion axis Z. The respective ultrasonic transducers of the
ultrasonic transducer 60 are sequentially driven so as to pet-
form ultrasonic electronic scanning.

[0074] In addition, if a horizontal axis in a right-and-left
direction orthogonal to the insertion axis 7 is defined as X and
avertical axis in an up-and-down direction is defined as Y, the
ultrasonic wave transmitting and receiving surface 60a of the
ultrasonic transducer 60 is arranged so as to be substantially
bilaterally symmetrical with respect to a plane (YZ plane)
including the insertion axis Z.

[0075] The endoscopic observation portion 52 is consti-
tuted by a constituent member, an imaging element, or the like
of the observation optical system 62 or the illumination opti-
cal systems 64 and 66, and is arranged at a position that is
closer to the base end side than the ultrasonic observation
portion 50 and is away from the treatment tool lead-out por-
tion 54.

[0076] Tip portions of both left and right side portions of
the treatment tool lead-out portion 54 are provided with
inclined surface portions 70a and 704 that incline at prede-
termined angles with respect to a plane orthogonal to the
insertion axis 7, and an observation window 62a of the obser-
vation optical system 62 and an illumination window 64a of
one illumination optical system 64 of the two illumination
optical systems 64 and 66 are disposed in the inclined surface
portion 70a on the left from the base end side toward the tip
side. An illumination window 66« of the other illumination
optical system 66 is disposed in the inclined surface portion
705 on the right from the base end side toward the tip side.
[0077] The observation optical system 62 includes an opti-
cal system member (not shown) that takes in light from a
subject in the observation visual field range from the obser-
vation window 62a, and focuses a subject image inside the tip
rigid part 40. An imaging element (not shown) that captures
the subject image focused by the observation optical system
62 to generate an imaging signal is arranged inside the tip
rigid part 40.

[0078] The illumination optical systems 64 and 66 include
optical system members that diffuse and emit illumination
light transmitted through the light guide from the light source
device 16 to the observation visual field range via the illumi-
nation windows 64a and 66a, respectively.

[0079] In addition, a cleaning nozzle 68 that ejects a liquid
or a gas toward the observation window 62a is provided near
the observation window 62a on the inclined surface portion
70a.

[0080] The treatment tool lead-out portion (treatment tool
lead-out port) 54 is provided further toward the base end side
than the ultrasonic transducer 60 of the ultrasonic observation
portion, and includes an erecting base housing portion 72 that
is a concave space that is formed so as to communicate with
a conduit opening of the treatment tool channel (not shown).
An erecting base 74 capable of changing the lead-out direc-
tion of a treatment tool led out of the conduit opening of the
treatment tool channel from the treatment tool lead-out por-
tion 54 is rotatably fixed to the erecting base housing portion
72.

[0081] FIG. 7 is an enlarged perspective view showing the
erecting base housing portion 72 of the treatment tool lead-
out portion 54, and FIG. 8 and FIGS. 9A to 9D are a perspec-
tive view and four side views showing only the erecting base
74 in an enlarged manner. As shown in these drawings, the
erecting base 74 has a guide surface 80 (to be described below
in detail), which guides a treatment tool in a predetermined
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lead-out direction, on the upper side of a main body 74a, and
a shaft hole portion 82 having a shaft hole 82a, on the lower
side of main body 74a.

[0082] On the other hand, as shown in FIG. 7, a shaft
member 84 is provided on an inner wall surface (side wall
surface) (not shown) on the left from the base end side toward
the tip side among inner wall surfaces of the erecting base
housing portion 72 so as to protrude toward the direction of
the horizontal axis X, and the shaft member 84 is inserted
through the shaft hole 82a of the erecting base 74. Thereby,
the erecting base 74 is rotatably supported by the shaft mem-
ber 84, with the shaft member 84 in the direction of the
horizontal axis X as a rotational axis.

[0083] Additionally, an opening (conduit opening) 86a of
the conduit 86 of a treatment tool channel is provided in an
inner wall surface on the base end side among the inner wall
surfaces of the erecting base housing portion 72, and the
erecting base 74 and the conduit 86 (conduit opening 86a) of
the treatment tool channel are arranged so that the center
position of the width of the erecting base 74 in the right-and-
left direction and the center position of the conduit opening
86a of the treatment tool channel substantially coincide with
each other in the direction of the horizontal axis X.

[0084] A tip portion 88a of an operating wire 88 is attached
to a side surface of the erecting base 74 on the right from the
base end side toward the tip side. The operating wire 88 is
operated so as to be pushed and pulled by the operation of the
erecting lever 245 (refer to F1G. 2) of the operation section 24,
and the erecting base 74 is rotated with the shaft member 84
as arotational axis by the push-pull operation of the operating
wire 88 so that the erection angle (rotation angle around the
rotational axis) of the erecting base 74 is changed.

[0085] According to this, a treatment tool led out of the
conduit opening 86a of the treatment tool channel is guided in
the predetermined lead-out direction along the guide surface
80 of the erecting base 74, and is led out of the opening
(treatment tool lead-out portion 54) of the erecting base hous-
ing portion 72. Accordingly, the lead-out direction of the
treatment tool led out of the treatment tool lead-out portion 54
can be changed by changing the erection angle of the erecting
base 74 by the erecting lever 24b.

[0086] Subsequently, the positional relationship between
the erecting base 74 of the treatment tool lead-out portion
(treatment tool lead-out port) 54 and the ultrasonic transducer
60 of the ultrasonic observation portion 50, and the guide
surface 80 of the erecting base 74 will be described in detail.
[0087] Ontheplanview ofthe tip rigid part 40 of F1G. 4, the
position of a central axis A passing through the center of the
width of the ultrasonic transducer 60 in the right-and-left
direction (the direction of the horizontal axis X) substantially
coincides with the position of the insertion axis 7, and the
ultrasonic transducer 60 is arranged at a position where the
ultrasonic transducer has a shape that is substantially sym-
metrical with respect the insertion axis Z.

[0088] Here, in the present embodiment, a scanning plane
that is the center plane of a scanning region by the ultrasonic
transducer 60, to be described in detail, is formed on a vertical
plane (YZ plane) including the central axis A of the ultrasonic
transducer 60. Accordingly, the scanning plane is formed on
a vertical plane including the insertion axis Z.

[0089] By arranging the central axis A of the ultrasonic
transducer 60 so as to substantially coincide with the position
of the insertion axis 7 with respect to the right-and-left direc-
tion (the direction of the horizontal axis X), the ultrasonic
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transducer 60 that is as large as possible can be used. That is,
if the tip rigid part 40 is schematically shown from the front
side, as shown in a front view of FIG. 23, a region of a
base-end-side portion of the tip rigid part 40 where the endo-
scopic observation portion 52 and the treatment tool lead-out
portion 54 are arranged is expressed by a circular frame 200
centered on the insertion axis Z.

[0090] On the other hand, in a case where the region of the
base-end-side portion of the tip rigid part 40 where the ultra-
sonic observation portion 50 is arranged is shown by a rect-
angular (oblong) frame and the ultrasonic observation portion
50 is settled within the region of the base-end-side portion of
the tip rigid part 40, the size of the rectangular frame of which
base-end-side angled portions touch the circular frame 200
becomes the maximum as for the size of the ultrasonic obser-
vation portion 50. At this time, if the central axis A of the
ultrasonic transducer 60 is arranged so as to substantially
coincide with the position of the insertion axis Z with respect
to the right-and-left direction as in the present embodiment,
the size of a rectangular frame 202 of this drawing becomes
the maximum as for the size of the ultrasonic observation
portion 50, and if the central axis A of the ultrasonic trans-
ducer 60 is arranged so as to shift from the position of the
insertion axis Z, the size of a rectangular frame 204 of this
drawing becomes the maximum as for the size of the ultra-
sonic observation portion 50.

[0091] Ifthe rectangular frames 202 and 204 are compared
with each other, as can also be seen from the fact that the
length y1 of the rectangular frame 202 in the up-and-down
direction (the direction of the vertical axis Y) is greater than
the length y2 of the rectangular frame 204 in the direction of
vertical axis Y, a space where the ultrasonic observation por-
tion 50 can be arranged becomes greater as the central axis A
of the ultrasonic transducer 60 is arranged so as to be as close
to the position of the insertion axis Z as possible, and a larger
ultrasonic transducer can be arranged correspondingly.
[0092] Thus, in the present embodiment, by arranging the
ultrasonic transducer 60 so that the central axis A of the
ultrasonic transducer 60 substantially coincides with the posi-
tion of the insertion axis Z with respect to the right-and-left
direction, the ultrasonic transducer 60 that is as large as pos-
sible can be used. However, positions in the horizontal posi-
tions between the central axis A of the ultrasonic transducer
60, and the insertion axis 7 are not necessarily made to
coincide with each other.

[0093] On the other hand, as shown in FIG. 4, the position
of a central axis B passing through the center of the width of
the treatment tool lead-out portion 54 (in the present embodi-
ment, also coincides with a central axis passing through the
center of the width of the erecting base 74 in the right-and-left
direction) in the right-and-left direction does not coincide
with the position of the insertion axis Z. and is arranged at a
position apart from the insertion axis Z by a predetermined
distance so as to be substantially parallel to the insertion axis
7. That is, the central axis B of the treatment tool lead-out
portion 54 is arranged at a position apart in a normal direction
from the scanning plane.

[0094] In this way, by arranging the position of the central
axis B of the treatment tool lead-out portion 54 (erecting base
74) 50 as to shift from the position of the central axis A of the
ultrasonic transducer 60, that is, a position on the scanning
plane to be described in detail, to thereby arrange the erecting
base 74 and the ultrasonic transducer 60 at different positions
with respect to the direction of the horizontal axis X, a waste-
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ful non-used region on the side of one side portion where the
observation optical system 62 or the imaging element is not
arranged, out of both side portions of the treatment tool lead-
out portion 54, is reduced, and the diameter of the tip rigid
part 40 is reduced.

[0095] Inaddition, usually, thearrangement of the insertion
axis Z or respective constituent portions such as the treatment
lead-out portion 54 is described with the position of the scan-
ning plane as a reference. However, in the present embodi-
ment, the central axis A of the ultrasonic transducer 60 and the
position of the insertion axis Z in the right-and-left direction
coincides with each other, and the scanning plane is formed
on the vertical plane (YZ plane) including the central axis A
and the insertion axis 7. Therefore, the arrangement of the
respective constituent portions such as the treatment tool
lead-out portion 54 will mainly be described with the inser-
tion axis Z as a reference. In the present invention, the central
axis A and the position of the insertion axis Z in the right-
and-left direction may not necessarily coincide with each
other as described above, and a form in which the scanning
plane is not formed on the vertical plane including the central
axis A is also included.

[0096] Accordingly, the positional relationship between
the insertion axis Z and the respective constituent portions
that is satisfied in the present embodiment merely shows one
form of a case where the central axis A and the position of the
insertion axis Z in the right-and-left direction coincide with
each other and the scanning plane is formed on the vertical
plane (YZ plane) including the insertion axis Z and the inser-
tion axis A, and the positional relationship between the inser-
tion axis Z and the respective constituent portions is not
limited to that of the present embodiment.

[0097] A scanning region observed as an ultrasonic image
by the ultrasonic transducer 60, that is, a scanning region 100
that is irradiated with ultrasonic waves sequentially transmit-
ted and received by the electronic scanning of the ultrasonic
transducer 60, as shown by hatched regions in a plan view, a
side view, and a front view of the tip rigid part 40 of FIGS. 10,
11, and 12 shows a sectoral range (refer to FIG. 11) when the
ultrasonic transducer 60 is seen from a side surface side and
becomes regions (refer to FIGS. 10 and 12) having predeter-
mined spreads in the right-and-left direction (the direction of
the horizontal axis X) as seen from a front side and a top side.
If a plane passing through the center position of the scanning
region 100 in the right-and-left direction is referred to as a
scanning plane 102, in the present embodiment, the scanning
plane 102 is formed at a position that substantially coincides
with the vertical plane (YZ plane) including the central axis A
ofthe ultrasonic transducer 60, and the scanning region 100 is
formed as a region having a predetermined spread in the
right-and-left direction (the direction of the horizontal axis X)
with respect to the scanning plane 102. In addition, FIG. 12
shows a scanning region on a cross-section orthogonal to the
insertion axis Z.

[0098] Additionally, since the ultrasonic transducer 60
emits an ultrasonic beam so that a point with a predetermined
distance from the ultrasonic wave transmitting and receiving
surface 60a becomes a focus, the width of the scanning region
100 in the direction of the horizontal axis X, as shown in FIG.
12, becomes gradually smaller as the distance from the ultra-
sonic wave transmitting and receiving surface 60a of the
ultrasonic transducer 60 becomes longer, and becomes gradu-
ally larger after being converged so as to become a minimum
width at a distance that becomes a focus. The position of the
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convergence region where the scanning region 100 has the
minimum width is shown by reference numeral 100A in
FIGS. 11 and 12.

[0099] Here, if the erecting base 74 guides a treatment tool
from the treatment tool channel such that the treatment tool is
parallel to the scanning plane 102 and leads out of the treat-
ment tool lead-out portion 54, the treatment tool deviates
from the scanning region 100 at least near the convergence
region 100A of the scanning region 100. As the shift length in
the direction of the horizontal axis X between the central axis
B of'the treatment tool lead-out portion 54 (erecting base 74)
and the central axis A of the ultrasonic transducer 60 is large,
a range where a treatment tool led out of the treatment tool
lead-out portion 54 does not pass through the scanning region
100 becomes large.

[0100] Thus, the guide surface 80 of the erecting base 74
shown in FIG. 7 orthe like is formed so as to guide a treatment
tool led out of the conduit opening 86a of the treatment tool
channel not only in an in-plane direction parallel to the scan-
ning plane 102 but also a direction inclined to the scanning
plane 102 side, that is, a direction intersecting the scanning
plane 102 and to lead out the treatment tool in a direction
passing through the range of the scanning region 100 in the
convergence region 100A of the scanning region 100.
Thereby, a treatment tool led out of the treatment tool lead-out
port 54 favorably passes through the range the scanning
region 100 irrespective of the erection angle (hereinafter
referred to as lead-out angle) of the treatment tool from the
treatment tool lead-out portion 54 according to the erection
angle of the erecting base 74.

[0101] As shown in FIGS. 7 to 9D, the guide surface 80 of
the erecting base 74 is formed as an inner wall surface of a
groove having a substantially circular-arc cross-section, and
is formed by curving the groove in a direction in which the
groove gradually approaches the scanning plane 102 side
from the base end side of the erecting base 74 toward the tip
side. However, the guide surface 80 is not limited to this, and
may be formed by a curved surface, a planar surface, or the
like that is made to incline gradually toward the scanning
plane 102 side as it shifts from the base end side of the
erecting base 74 to the tip side. A treatment tool from the
treatment tool channel is guided in a direction intersecting the
scanning plane 102 by such a guide surface 80.

[0102] Inaddition, the structure (the shape or the like of the
rotating mechanism or the guide surface 80) of the erecting
base 74 is not limited to that of the present embodiment, and
the erecting base 74 may be rotated around on the rotational
axis (the direction of the horizontal axis X) in a direction
orthogonal to the scanning plane 102 so as to change the
erection angle, and may be configured so as to guide a treat-
ment tool from the treatment tool channel in the direction
intersecting the scanning plane 102 according to the shape or
structure of the guide surface.

[0103] Ifdescription is made about thelead-out direction of
a treatment tool, the lead-out angle (erection angle) of the
treatment tool that changes according to the erection angle of
the erecting base 74, as shown in a treatment tool 56 shown in
FIG. 11, shows an angle ¢ between a lead-out portion 565 led
out of the treatment tool lead-out portion 54 (conduit opening
864 of the treatment tool channel) with a bending position 56¢
bent by the erecting base 74 as an origin and a horizontal
plane (XZ plane), and an angle between the lead-out portion
565 and a vertical plane (YZ plane and the scanning plane
102) is referred to as an intersection angle 8 (shown in FIGS.
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17A to 17C to be described below). If the erection angle of the
erecting base 74 changes as described later, the lead-out angle
¢ of the treatment tool 56 changes, but the intersection angle
8 does not change.

[0104] FIGS. 13 to 16 are views showing a relationship
between a locus 110 drawn by the lead-out portion 565 of the
treatmertt tool 56 led out of the treatment tool lead-out portion
54 in a case where the erection angle of the erecting base 74
is changed to change the lead-out angle ¢ of the treatment tool
56 shown in FIGS. 10 and 11, and the scanning region 100
(and the scanning plane 102).

[0105] Inaddition, only the ultrasonic transducer 60 and the
erecting base 74 among the constituent elements of the tip
rigid part 40 are shown in FIGS. 13 to 16. FIGS. 13, 15, and
16 are respectively a perspective view, a plan view (top view),
and a bottom view showing the relationship between the locus
110 drawn by the lead-out portion 565 of the treatment tool
56, and the scanning region 100, and FIG. 14 is a plan view
showing only the locus 110 drawn by the lead-out portion 565
of the treatment tool 56.

[0106] The lead-out portion 565 of the treatment tool 56 is
rotated around a rotational axis Xa in the direction of the
horizontal axis X passing through the bending position 56¢
(refer to FIGS. 10 and 11) bent by the erecting base 74. In
addition, the rotational axis Xa of the treatment tool 56 sub-
stantially coincides with the position and direction of the
rotational axis (shaft member 84) of the erecting base 74, and
these rotational axes will be described as the rotational axis
Xa without being distinguished from each other.

[0107] The lead-out portion 565 of the treatment tool 56 is
lead out in the direction intersecting at the intersection angle
0 with respect to the scanning plane 102 by the guide surface
80 of the erecting base 74 as described above. As the erecting
base 74 is rotated around the rotational axis Xa in the direc-
tion of the horizontal axis X, the lead-out portion 565 of the
treatment tool 56 is also rotated around the rotational axis Xa,
and draws the locus 110 along a conical surface as shown in
FIGS. 13 to 16. Accordingly, the intersection angle 6 between
the treatment tool 56 and the scanning plane 102 is main-
tained at a constant angle with respect to an arbitrary erection
angle of the erecting base 74, that is, an arbitrary lead-out
angle ¢ of the treatment tool 56.

[0108] The intersection angle 0 between the treatment tool
56 and the scanning plane 102 is set to the following angle.
FIGS. 17A to 17C show cross-sections obtained by cutting
the scanning region 100 in a plane that includes the lead-out
portion 565 of the treatment tool 56 and is orthogonal to the
vertical plane (Y7 plane), in a predetermined erection angle
of the erecting base 74, that is, in a predetermined lead-out
angle ¢ of the treatment tool 56. In a case where the lead-out
angle ¢ of the treatment tool 56 shown in FIG. 11 is defined as
¢1, FIG. 17A 1s a cross-sectional view seen from the direction
of arrow A-A when the scanning region 100 is cut by a plane
that has the direction of the lead-out angle ¢1 and is vertical to
the sheet surface of FIG. 11, FIG. 17B is a cross-sectional
view seen from the direction of arrow B-B when the scanning
region 100 is cut by a plane that has the direction of a lead-out
angle ¢2 (92<¢1) smaller than the lead-out angle ¢1 and is
vertical to the sheet surface of FIG. 11, and FIG. 17C is a
cross-sectional view seen from the direction of arrow C-C
when the scanning region 100 is cut by a plane that has the
direction of a lead-out angle ¢3 ($3>¢1>¢2) larger than the
lead-out angle ¢1 and is vertical to the sheet surface of FIG.
11.
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[0109] As shown in FIGS. 17A to 17C, the forms of the
scanning regions 100 on the cross-sections show substan-
tially the same form irrespective of the lead-out angle ¢ of the
treatment tool 56. That is, the width of the scanning region
100 (boundary lines 100B and 100C) in the direction of the
horizontal axis X decreases gradually as the scanning region
is away from the erecting base 74 (the bending position 56¢ of
the treatment tool 56), and increases gradually if the scanning
region exceeds the convergence region 100A.

[0110] With respect to the scanning region 100 of such a
form, if the intersection angle 0 from the scanning plane 102
is set so that the lead-out portion 565 of the treatment tool 56
passes through the range of the scanning region 100 in the
convergence region 100A, the lead-out portion 565 of the
treatment tool 56 favorably passes through the scanning
region 100 over a wide range. Such conditions are satisfied
when the intersection angle 0 is within a predetermined angle
range (an angle range of which the lower limit is Omin and the
upper limit is Omax: hereinafter referred to as allowable angle
range).

[0111] On the other hand, the distance r/cos 0 (the distance
r from the rotational axis Xa to the convergence region 100A)
from the bending position 56¢ of the treatment tool 56 to the
convergence region 100 A (position having a minimum width)
of the scanning region 100 varies depending on the lead-out
angle ¢ of the treatment tool 56 according to the erection
angle of the erecting base 74. For example, the distance r
becomes larger as the lead-out angle ¢ ofthe treatment tool 56
becomes smaller, and the distance r becomes smaller as the
lead-out angle ¢ of the treatment tool 56 becomes larger. As
shown in FIGS. 17A to 17C, ifrespective distances r when the
lead-out angles ¢ of the treatment tool 56 are ¢p1, $2, and $3
($2<9p1<¢3) is r1, r2, and r3, r3<rl<r2 is established.

[0112] Therefore, restriction of the upper limit 6max of the
allowable intersection angle range becomes more severe (the
upper limit Gmax becomes smaller) as the lead-out angle ¢ of
the treatment tool 56 becomes smaller, and restriction of the
lower limit Omin of the allowable intersection angle range
becomes more severe (the lower limit Omin becomes larger)
as the lead-out angle ¢ of the treatment tool 56 becomes
larger.

[0113] Accordingly, in a case where the range of the lead-
out angle of the treatment tool 56 that enables the treatment
tool 56 led out of the treatment tool lead-out portion 54 to be
effectively observed by an ultrasonic image is an angle range
from the lead-out angle ¢min (minimum lead-out angle) to
the lead-out angle pmax (maximum lead-out angle), in order
for the lead-out portion 564 of the treatment tool 56 to pass
through the scanning region 100 without deviating from the
scanning region 100 in an arbitrary lead-out angle ¢ within the
above angle range, the intersection angle 6 may be set so as to
be an angle that satisfies the condition of Bmin=8<Amax with
respect to the upper limit Bmax of the allowable intersection
angle range at the minimum lead-out angle ¢min, and the
lower limit 6min of the allowable intersection angle range at
the maximum lead-out angle ¢max.

[0114] In the present embodiment, since the intersection
angle 0 is set 50 as to satisfy the above condition, for example,
using the minimum lead-out angle ¢min and maximum lead-
outangle ¢max as the minimum angle and maximum angle of
the lead-out angle ¢ capable of being changed by the adjust-
ment ofthe erection angle of the erecting base 74, the lead-out
portion 56a of the treatment tool 56 passes through the scan-
ning region 100 without deviating from the scanning region
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100 irrespective of the lead-out angle ¢ of the treatment tool
56 from the treatment tool lead-out portion 54.

[0115] In order for the intersection angle 6 to satisfy the
above condition, the characteristics (the range of the scanning
region 100) of the ultrasonic transducer 60 may be deter-
mined correspondingly, for example, at the time of design and
then the intersection angle 6 may be determined, or, the
intersection angle 8 may be determined and then the charac-
teristics of the ultrasonic transducer 60 may be determined
correspondingly. The invention is not limited to a specific
method.

[0116] In addition, in a case where the intersection angle 0
is set so as to satisfy the above condition, using the minimum
angle and maximum angle of the lead-out angle ¢ in an angle
range limited to a partial range out of an angle range from the
minimum angle to the maximum angle in the lead-out angle ¢
capable of being changed by the adjustment of the erection
angle of the erecting base 74 as the minimum lead-out angle
¢min and the maximum lead-out angle ¢max, it does not
mean that the treatment tool 56 never pass through the range
of the scanning region 100 at all even in a case where the
lead-out angle ¢ deviates from the angle range from the mini-
mum lead-out angle ¢min to the maximum lead-out angle
¢max. Additionally, since changes in the allowable intersec-
tion angle range that fluctuates according to the lead-out
angle ¢ are not large, the treatment tool 56 passes through the
scanning region 100 over a wide range inan arbitrary lead-out
angle ¢ (the wide range angle range of the lead-out angle ¢)
capable of being changed by the adjustment of the erection
angle of the erecting base 74. As a result, ultrasonic observa-
tion of the treatment tool 56 led out of the treatment tool
lead-out portion 54 can be favorably observed.

[0117] Additionally, in a case where the lead-out portion
564 of the treatment tool 56 is configured so as to pass through
the scanning region 100 without deviating from the scanning
region 100 in an arbitrary lead-out angle ¢ between the pre-
determined minimum lead-out angle ¢min and the maximum
lead-out angle ¢max as described above, the shift length d of
the central axis B of the erecting base 74 from the scanning
plane 102 (refer to FIG. 4) becomes the maximum if the
erecting base 74 (the bending position 56¢ of the treatment
tool 56) is arranged at a position that has such an intersection
angle ¢ that the lead-out portion 565 of the treatment tool 56
touches both a boundary line 100C (a boundary line on a side
where the erecting base 74 (the bending position 56¢ of the
treatmertt tool 56) is not present with respect to the scanning
plane 102 (face)) of the scanning region 100 at the minimum
lead-out angle ¢min, and a boundary line 100B (a boundary
line (surface) on a side where the erecting base 74 (the bend-
ing position 56¢ of the treatment tool 56) is present with
respect to the scanning plane 102) of the scanning region 100
at the maximum lead-out angle ¢max. Accordingly, the erect-
ing base 74 can be favorably shifted at least to the above
position. FIGS. 17A to 17C illustrate a form in which the shift
length d becomes the maximum such that the lead-out angle
$2 of F1G. 17B is used as the minimum lead-out angle ¢min,
the lead-out angle 3 of FIG. 17C is used as the maximum
lead-out angle ¢max, the lead-out portion 564 of the treatment
tool 56 at the lead-out angle ¢$2 of FIG. 17B touch the bound-
ary line 100C of the scanning region 100, and the lead-out
portion 564 of the treatment tool 56 at the lead-out angle ¢3 of
FIG. 17C touches the boundary line 100B of the scanning
region 100.
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[0118] Moreover, in the above description, the distance
r/cos 0 from the bending position 56¢ of the treatment tool 56
to the convergence region 100A of the scanning region 100
becomes larger as the lead-out angle 6 ofthe treatment tool 56
is smaller, and the intersection angle 6 satisfies the condition
of Bmin<B<Omax with respect to the upper limit Omax of the
allowable intersection angle range at the minimum lead-out
angle Omin and the lower limit Omin of the allowable intet-
section angle range at the maximum lead-out angle Bmax.
[0119] On the other hand, when taking into consideration a
case that is different from the form which the distance r/cos 0
from the bending position 56¢ of the treatment tool 56 to the
convergence region 100A of the scanning region 100
becomes larger as the lead-out angle ¢ ofthe treatment tool 56
is smaller, the intersection angle 0 may satisfy the condition
of Bmin=B=Omax, using the upper limit of the allowable
intersection angle range when the distance from the bending
position 56¢ of the treatment tool 56 to the convergence
region 100A of'the scanning region 100 becomes the furthest
as the above upper limit 8x and using the lower limit of the
allowable intersection angle range when the distance from the
bending position 56¢ of the treatment tool 56 to the conver-
gence region 100A of the scanning region 100 becomes the
nearest as the above lower limit 0%, in the angle range of the
lead-out angle ¢ from the minimum lead-out angle ¢min to
the maximum lead-out angle ¢max.

[0120] As described above, the guide surface 80 of the
erecting base 74 is formed so that the treatment tool 56 led out
of the conduit opening 86a of the treatment tool channel is
bent and guided in a direction that becomes the intersection
angle ¢ that can be determined in this way.

[0121] Next, advantages in a case where, as in the above
present embodiment, the rotational axis Xa of the erecting
base 74 is set to the direction of the horizontal axis X orthogo-
nal to the scanning plane 102 and a treatment tool is guided
and led out in the direction obliquely intersecting the scan-
ning plane 102 by the guide surface 80 will be described.
[0122] As a form in which a treatment tool led out of the
conduit opening 86a ofthe treatment tool channel is led outin
the direction obliquely intersecting the scanning plane 102 of
the ultrasonic transducer 60 by the erecting base, a form in
which, as in JP2007-215634A and JP2010-4945A cited as
prior art documents, a treatment tool is led out in the direction
obliquely intersecting the scanning plane 102 by tilting the
direction of the rotational axis of the erecting base obliquely
from the direction orthogonal to the scanning plane 102 is
considered in addition to the embodiment of the invention.
[0123] FIG. 18 is a plan view showing a relationship
between a locus 122 drawn by the lead-out portion 565 of the
treatment tool 56 when the erection angle of the erecting base
120 is changed, and the scanning region 100 in a case where
the above form is adopted, and is a view corresponding to
FIG. 15 in the embodiment of the invention. In addition, in
FIG. 18 and the following description, the same constituent
elements as those of the first embodiment are designated by
the same reference numerals, and description thereof is omit-
ted.

[0124] As shown in this drawing, the lead-out portion 565
of the treatment tool 56 is rotated around a rotational axis Xa'
as the erecting base 120 is rotated around the rotational axis
Xa' that is not orthogonal to the scanning plane 102. There-
fore, the lead-out portion 565 of the treatment part 56 draws
the locus 122 along a plane orthogonal to the rotational axis
Xa'. In addition, the guide surface of the erecting base 74 is
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formed so as to guide the treatment tool 56 from the treatment
tool channel in the direction (the direction of the central axis)
orthogonal to the rotational axis Xa'.

[0125] Accordingly, the intersection angle 0 between the
treatment tool 56 and the scanning plane 102 changes accord-
ing to the erection angle of the erecting base 120, that is,
according to the lead-out angle ¢ of the treatment tool 56, and
as shown schematically on the graph of FIG. 19, the intersec-
tion angle 6 becomes larger as the lead-out angle ¢ of the
treatment tool 56 is smaller, and the intersection angle 0
becomes smaller as the lead-out angle ¢ is larger. Therefore,
it is difficult to satisfy the condition that the upper limit Omax
of the allowable intersection angle range that allows the treat-
ment tool 56 to pass through the scanning region 100 without
deviating from the scanning region 100 as described above
becomes smaller as the lead-out angle ¢ becomes smaller and
the above upper limit becomes larger as the lead-out angle ¢
becomes larger, in a wide range of the lead-out angle ¢, and
the range of the lead-out angle ¢ where the treatment tool 56
can pass through the scanning region 100 without deviating
from the scanning region 100 is restricted to an extremely
narrow angle range.

[0126] On the other hand, as in the erecting base 74 of the
embodiment of the invention, in a case where the rotational
axis Xa of the erecting base 74 is set to the direction orthogo-
nal to the scanning plane 102 and the treatment tool 56 is
guided and led out in the direction intersecting the scanning
plane 102 by the guide surface 80, as shown on the graph of
FIG. 20, the intersection angle 8 between the lead-out portion
564 of the treatment tool 56 and the scanning plane 102 can be
kept constant in an arbitrary lead-out angle ¢ of the treatment
tool 56. Accordingly, the treatment tool 56 can be configured
so as to pass through the scanning region 100 without devi-
ating from the scanning region 100 in a wide-range lead-out
angle ¢ of the treatment tool 56.

[0127] By arranging the center position (central axis B) of
the treatment tool lead-out portion 54 in the width direction so
as to shift from the position on the same plane as the scanning
plane 102 of the ultrasonic observation portion 50 (ultrasonic
transducer 60) as described above, a wasteful non-used region
of the tip rigid part 40 can be reduced, and the diameter of the
tip rigid part 40 is reduced correspondingly. The invention is
not limited to this case, and it is also possible to enlarge the
treatment tool lead-out portion 54 without increasing the
diameter of the present tip rigid part, thereby leading out a
treatment tool channel with a larger diameter than the related
art or adding other constituent elements. An embodiment in a
case where a treatment tool lead-out portion is added as
another constituent element will be described below.

[0128] FIG. 21 shows a second embodiment in which two
treatment tool lead-out portions (treatment tool lead-out
ports) 54 and 130 areadded to the tip rigid part 40. In addition,
constituent elements with functions that are the same as or
similar to those of the embodiment (first embodiment) shown
in FIGS. 3 to 6 or the like are designated by the same reference
numerals, and description thereof is omitted.

[0129] As shown in this drawing, two treatment tool lead-
out portions 54 and 130 are provided side by side at the tip
rigid part 40, and the position (center position in the width
direction) of a central axis C passing through the center of the
width in the right-and-left direction (the direction of the hori-
zontal axis X) in the treatment tool lead-out portion 130 (and
erecting base 132) added in the present embodiment with
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respect to the first embodiment is arranged at a position on
almost the same plane as the scanning plane 102 of the ultra-
sonic transducer 60.

[0130] Additionally, the erecting base 132 is rotated around
the rotational axis orthogonal to the scanning plane 102 simi-
lar to the erecting base 74 of the treatment tool lead-out
portion 54, and has a guide surface that guides and lead out a
treatment tool from the treatment tool channel in the direction
parallel to the scanning plane 102. In addition, since the
configuration of the treatment tool lead-out portion 130 is the
same as that of the treatment tool lead-out portion 54
described in the first embodiment except for the shape of the
guide surface, detailed description thereof will be omitted.
[0131] The same observation optical system 62 (observa-
tion window 62a) and illumination optical system 64 (illumi-
nation window 64a) as those of the first embodiment are
arranged in the region on the left from the base end side
toward the tip side with respect to the treatment tool lead-out
portion 130, and the same treatment tool lead-out portion 54
and illumination optical system 66 (illumination window
66a) as those of the first embodiment are arranged in the right
region.

[0132] According to this, in the related art, one treatment
tool lead-out portion 130 is included. In that case, another
treatment tool lead-out portion 54 can be arranged effectively
using a wasteful non-used region, and two treatment tool
channels can be provided so that two treatment tools can be
led out of the tip rigid part 40.

[0133] In addition, the treatment tool lead-out portion 130
may be arranged at a position where the center position (cen-
tral axis C) in the width direction is shifted to any of right and
left directions with respect to the scanning plane 102 similar
to the treatment tool lead-out portion 54. In that case, similar
to the erecting base 74 of the treatment tool lead-out portion
54 of the erecting base 132, the guide surface of the erecting
base 132 may be formed so that a treatment tool from the
treatment tool channel is guided and led out in the direction
intersecting the scanning plane 102.

[0134] Additionally, if the positions of the two treatment
tool lead-out portions 54 and 130 (erecting bases 74 and 132)
in the direction of the insertion axis 7 are shifted and arranged
as shown in FIG. 22, since treatment tools led out of the
respective treatment tool lead-out portions 54 and 130 enters
an image from a position shifted on an ultrasonic image, it is
possible to prevent a disadvantage that the treatment tools led
out of the respective treatment tool lead-out portions 54 and
130 overlap each other on the ultrasonic image and cannot be
identified. As shown in FIG. 22, the treatment tool lead-out
portion 130 is not arranged further toward the base end side
than the treatment tool lead-out portion 54, but the treatment
tool lead-out portion 54 may be arranged further toward to the
base end side than the treatment tool lead-out portion 130.
Although a case where two treatment tool lead-out portions
are provided side by side at the tip rigid part 40 has been
described in the second embodiment shown in FIG. 21 and
FIG. 22, the same configuration can also be applied to a case
where three or more treatment tool lead-out portions are
provided side by side.

[0135] As described above, in the above embodiment, the
two illumination optical systems 64 and 66 that constitute
endoscopic observation portion 52 are configured so as to be
respectively arranged on both right and left sides of the treat-
ment tool lead-out portion 54. However, since the illumina-
tion optical systems 64 and 66 do not occupy a large region as
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compared to the observation optical system 62, both of the
illumination optical systems 64 and 66 may be arranged at
any position, for example, may be arranged at a side portion
on the side of the treatment tool lead-out portion 54 where the
observation optical system 62 is arranged.

What is claimed is:

1. An ultrasonic endoscope comprising:

an insertion section to be inserted into a body cavity;

an ultrasonic observation portion located on atip side of the
insertion section and having an ultrasonic transducer
that has a plane parallel to the longitudinal axis of the
insertion section as a scanning plane;

a treatment tool lead-out port arranged further toward a
base end side than the ultrasonic observation portion,
provided so as to be capable of leading out a treatment
tool inserted through a treatment tool channel of the
insertion section, a central axis of the treatment tool
lead-out port being arranged at a position apart in a
normal direction from the scanning plane; and

an erecting base arranged at the treatment tool lead-out
port, configured so as to be rotatable around a rotational
axis vertical to the scanning plane, changeably adjusting
the erection angle of the treatment tool led out of the
treatment tool lead-out port, and having a guide surface
thatbends the treatment tool led out of the treatment tool
lead-out port in the direction of the scanning plane.

2. The ultrasonic endoscope according to claim 1,

wherein the ultrasonic observation portion has a region
having a predetermined width in a direction orthogonal
to the scanning plane as a scanning region of an ultra-
sonic wave transmitted and received by the ultrasonic
transducer, and

wherein the guide surface of the erecting base guides a
lead-out portion of the treatment tool led out of the
treatment tool lead-out port into the scanning region.

3. The ultrasonic endoscope according to claim 1,

wherein an observation optical system is arranged at a side
portion of the treatment tool lead-out port further toward
the base end side than the ultrasonic observation portion.

4. The ultrasonic endoscope according to claim 2,

wherein an observation optical system is arranged at a side
portion of the treatment tool lead-out port further toward
the base end side than the ultrasonic observation portion.

5. The ultrasonic endoscope according to claim 1 further

comprising two erecting bases arranged at respective treat-
ment tool lead-out ports of two treatment tool channels,
wherein at least one erecting base of the two erecting bases
includes the guide surface.

6. The ultrasonic endoscope according to claim 2 further

comprising:

two erecting bases arranged at respective treatment tool
lead-out ports of two treatment tool channels,

wherein at least one erecting base of the two erecting bases
includes the guide surface.

7. The ultrasonic endoscope according to claim 3 further

comprising:

two erecting bases arranged at respective treatment tool
lead-out ports of two treatment tool channels,

wherein at least one erecting base of the two erecting bases
includes the guide surface.

8. The ultrasonic endoscope according to claim 4 further

comprising:

two erecting bases arranged at respective treatment tool
lead-out ports of two treatment tool channels,
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wherein at least one erecting base of the two erecting bases
includes the guide surface.

9. The ultrasonic endoscope according to claim 5,

wherein one erecting base of the two erecting bases is
arranged further toward the base end side than the other
erecting base.

10. The ultrasonic endoscope according to claim 6,

wherein one erecting base of the two erecting bases is
arranged further toward the base end side than the other
erecting base.

11. The ultrasonic endoscope according to claim 7,

wherein one erecting base of the two erecting bases is
arranged further toward the base end side than the other
erecting base.

12. The ultrasonic endoscope according to claim 8,

wherein one erecting base of the two erecting bases is
arranged further toward the base end side than the other
erecting base.
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