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(57) ABSTRACT

An ultrasound endoscope has an ultrasound probe which is
disposed at a distal end side of a distal end rigid portion
configuring a distal end portion out of a flexible tube portion,
abending portion and the distal end rigid portion configuring
an insertion portion, and forms an ultrasound scanning sut-
face having a normal line in a direction orthogonal to an
endoscope insertion axis L1, and a treatment instrument out-
let of a treatment hole in the distal end rigid portion. The
ultrasound probe is configured by a plurality of ultrasound
transducers arranged in a convex circular arc shape, and a
center of curvature of the plurality of ultrasound transducers
is disposed at a proximal end side from the treatment instru-
ment outlet.
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ULTRASOUND ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2007/053927 filed on Mar. 1, 2007 and claims benefit
of Japanese Applications No. 2006-058707 filed in Japan on
Mar. 3, 2006, and No. 2006-160192 filed in Japan on Jun. §,
2006, the entire contents of which are incorporated herein by
their reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound endo-
scope having a convex-type ultrasound probe in which an
observation optical system, a treatment instrument outlet, and
a plurality of ultrasound transducers are arranged at a distal
end of an insertion portion of an endoscope.

[0004] 2. Description of the Related Art

[0005] As an endoscope for performing ultrasound obser-
vation in a body cavity, or therapy and treatment by using
treatment instruments, an ultrasound endoscope having a
convex-type ultrasound probe at a distal end of the endoscope
is known. The convex-type ultrasound probe is configured by
arranging a plurality of ultrasound transducers in a convex
circular arc shape.

[0006] As the ultrasound endoscopes having convex-type
ultrasound probes, the ones disclosed in, for example, Japa-
nese Patent Application Laid-Open Publication No.
8-131442 and Japanese Patent Application Laid-Open Publi-
cation No. 2004-350700 (see FIG. 19) are cited. Ineach of the
ultrasound endoscopes, an observation optical system is
included at a distal end rigid portion in the vicinity of an
ultrasound probe, and the observation optical system has an
optical axis in a diagonally forward direction.

[0007] In an ultrasound endoscope, such positional rela-
tionship as to allow observation of an inside of an observation
region as an ultrasound tomography image while visually
recognizing the observation region with an observation opti-
cal system is essential. In order to confirm the insertion depth
or the like of a treatment instrument by an ultrasound tomog-
raphy image, an ultrasound scanning range with an operation
range of the treatment instrument taken into consideration is
required.

[0008] Therefore, in the case of each of the observation
optical systems with diagonally forward views as disclosed in
Japanese Patent Application Laid-Open Publication No.
8-131442 and Japanese Patent Application Laid-Open Publi-
cation No. 2004-350700, the diagonally forward optical axis
and the operation range of the treatment instrument can be
contained within the ultrasound scanning range by providing
an ultrasound probe at a distal end side of the distal end rigid
portion.

[0009] However, in the ultrasound endoscope disclosed in
Japanese Patent Application Laid-Open Publication No.
8-131442, the structure including the ultrasound probe in
addition to the distal end rigid portion makes the rigid length
of a so-called endoscope insertion portion.

[0010] Further, in the structure of the ultrasound endoscope
disclosed in Japanese Patent Application Laid-Open Publica-
tion No. 2004-350700, a slope is provided at a distal end rigid
portion, and an ultrasound probe is loaded on the slope. In this
structure, the distal end rigid length is shorter as compared
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with the ultrasound endoscope disclosed in the Japanese
Patent Application Laid-Open Publication No. 8-131442.
However, in order to enable to contain the treatment instru-
ment which is led out from a treatment instrument outlet
within the ultrasound scanning range, the ultrasound endo-
scope disclosed in Japanese Patent Application Laid-Open
Publication No. 2004-350700 is provided with an ultrasound
probe in a semi-circular shape with an ultrasound scanning
range at 180 degrees. In the ultrasound endoscope, the struc-
ture including the length which is twice as long as the radius
of curvature of the ultrasound probe in addition to the distal
end rigid portion makes the distal end rigid length.

SUMMARY OF THE INVENTION

[0011] An ultrasound endoscope of the present invention is
an ultrasound endoscope having an ultrasound probe portion
which is disposed at a distal end side of a distal end rigid
portion configuring a distal end portion out of a flexible tube
portion, a bending portion and the distal end rigid portion
configuring an endoscope insertion portion, and forms an
ultrasound scanning surface having a normal line in a direc-
tion orthogonal to an endoscope insertion axis, and a treat-
ment instrument outlet of a treatment instrument inserting
channel in the distal end rigid portion,

[0012] in which the ultrasound probe is configured by a
plurality of ultrasound transducers arranged in a convex cir-
cular arc shape, and a center of curvature of the plurality of
ultrasound transducers is disposed at a proximal end side
from the treatment instrument outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1isa view for explaining a configuration of an
ultrasound endoscope;

[0014] FIG. 2 is a perspective view for explaining a con-
figuration of a distal end portion of the ultrasound endoscope;
[0015] FIG. 3isa front view of the distal end portion shown
in FIG. 2 seen from a front;

[0016] FIG. 4is a sectional view taken along the IV-1V line
in FIG. 3;
[0017] FIG. 5 is a view for explaining the relationship

among an ultrasound probe configured by arranging a plural-
ity of ultrasound transducers, an ultrasound observation
region of the ultrasound probe, and a treatment instrument
which is led out from a treatment instrument outlet;

[0018] FIG. 6 is a view showing an ultrasound image
example in which an artifact appears;

[0019] FIG. 7 is a view showing an ultrasound image
example visualized with the ultrasound probe shown in FIG.
5

[0020] FIG. 8is a view for explaining relationship between

a tissue abutting surface of a nose piece and an acoustic lens
surface of the ultrasound probe;

[0021] FIG. 9 is a view for explaining a state in which a
lesionis present in the vicinity of a boundary of the ultrasound
observation region of the ultrasound endoscope;

[0022] FIG. 10 is a view showing an ultrasound image in
the observation state shown in FI1G. 9,

[0023] FIG. 11 is a front view of the distal end portion
including the ultrasound probe of which elevation width con-
tinuously changes, seen from the front;

[0024] FIG. 12 is a sectional view taken along the XII-XII
line of FIG. 11;
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[0025] FIG. 13 is a front view of the distal end portion
including an ultrasound probe including a portion in which a
part of the elevation width continuously changes, seen from
the front; and

[0026] FIG.14is asectional view taken along the XTV-XTV
line of FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0027] Hereinafter, an embodiment ofthe present invention
will be described in detail with reference to the drawings.
[0028] With reference to FIGS. 1 to 14, an embodiment of
the present invention will be described. As shown in FIG. 1,
an ultrasound endoscope (hereinafter, also described as an
endoscope) 1 of the present embodiment is configured by
including an elongated insertion portion 2 which is inserted
into a body cavity, an operation portion 3 provided at a proxi-
mal end of the insertion portion 2, and a universal cord 4
extended from a side portion of the operation portion 3. An
endoscope connector 5 is provided at the other end of the
universal cord 4. An ultrasound cable 6 is extended from a
side portion of the endoscope connector 5. An ultrasound
connector 7 is provided at the other end of the ultrasound
cable 6.

[0029] The insertion portion 2 is configured by connecting
a distal end rigid portion 2a formed of a rigid member, a
bending portion 25 configured to be bendable, and a flexible
tube portion 2¢ which is elongated, has flexibility, and
extends from a proximal end of the bending portion 26 to a
distal end of the operation portion 3, in sequence from the
distal end side. The operation portion 3 is provided with an
angle knob 3a for performing a bending operation. Further,
the operation portion 3 is provided with an air-supply and
water-supply button 35 for performing operations of air sup-
ply and water supply, and a suction button 3¢ for performing
suction. Further, the operation portion 3 is provided with a
treatment instrument insertion port 3d for introducing a treat-
ment instrument into a body cavity.

[0030] Reference numeral 10 denotes an ultrasound unit
including an ultrasound probe having a convex ultrasound
scanning surface. The ultrasound unit 10 forms an ultrasound
scanning range 10A for scanning in a forward direction with
respect to the endoscope insertion axis direction.

[0031] As shown in FIGS. 2 and 3, the distal end rigid
portion 2a of the insertion portion 2 is provided with the
ultrasound unit 10 for obtaining acoustic image information
by ultrasound. The ultrasound unit 10 is configured by includ-
ing a nose piece 11 which s a casing, and an ultrasound probe
12. The ultrasound probe 12 is integrally placed in a notch
portion formed in a substantially central portion of the nose
piece 11. As shown in the drawing, a tissue abutting surface
11a configuring the nose piece 11, and an acoustic lens sur-
face 12a of the ultrasound probe 12 are configured into a
shape projected from a distal end surface 21 of the distal end
rigid portion 2a.

[0032] As shown in FIGS. 4 and 5, the ultrasound probe 12
is configured by, for example, a plurality of ultrasound trans-
ducers 9 and the acoustic lens 124. The plurality of ultrasound
transducers 9 are arranged to form a convex circular arc.
[0033] Meanwhile, the distal end surface 21 of the distal
end rigid portion 24 is provided with an observation window
22a configuring an observation optical system 22, an illumi-
nation window 23a configuring an illumination optical sys-
tem 23, a treatment instrument outlet 24 from which a treat-
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ment instrument such as a puncture needle is led out, an
air-supply and water-supply nozzle 25 for ejecting a fluid
such as water and air toward the observation window 22a, and
an auxiliary water-supply channel port 26 for supplying water
forward, as shown in FIGS. 2 and 3. Instead of providing the
auxiliary water-supply channel port 26, the auxiliary water-
supply channel port 26 may be configured as a second treat-
ment instrument outlet.

[0034] A center O24 ofthe treatment instrument outlet 24 is
arranged on the same straight line as a center line 1.2 of the
ultrasound probe 12 so that the treatment instrument which is
led out from the treatment instrument outlet 24 is contained
within the ultrasound scanning range 10A obtained by the
ultrasound probe 12.

[0035] The observation window 22a, the illumination win-
dow 23a and the air-supply and water-supply nozzle 25 are
disposed together, for example, at the right side in the draw-
ing, with respect to the treatment instrument outlet 24, and
disposed outside the ultrasound scanning range 10A. Out of
the observation window 224, the illumination window 23a
and the air-supply and water-supply nozzle 25, the position of
the air-supply and water-supply nozzle 25 is set to be the
farthest position from the ultrasound observation region 10A.
Further, in the present embodiment, the disposed positions of
the illumination window 23a, the observation window 22a
and the air-supply and water-supply nozzle 25 are disposed
onone straight line in consideration of the purpose of improv-
ing the observation performance and cleaning performance,
and reducing the outside diameter dimension of the endo-
scope distal end portion.

[0036] The observation window 22a has an observation
visual field range of the observation optical system 22, for
which reference should be made to the range of reference
numeral and character 22A shown by the dashed line in FIG.
4. The illumination window 23q has an illumination light
irradiation range of the illumination optical system 23, for
which reference should be made to the range of reference
numeral and character 23A shown by the two-dot chain line in
FIG. 4. The observation visual field range 22A and the illu-
mination light irradiation range 23A are configured not to
contain the ultrasound probe 12 in the ranges.

[0037] The observation window 22a, and the illumination
window 23a are provided in an observation distal end surface
21a configured to be slightly projected from the distal end
surface 21. Further, the auxiliary water-supply channel port
26 is on one surface side at an opposite side from the other
surface side, on which the observation window 224, the illu-
mination window 23a and the air-supply and water-supply
nozzle 25 are disposed, with the treatment instrument outlet
24 between the one surface side and the other surface side,
and the auxiliary water-supply channel port 26 is disposed
outside the ultrasound scanning range 10A. When the auxil-
iary water-supply channel port 26 is configured as the second
treatment instrument outlet, the diameter dimension of the
channel is set in accordance with the treatment instrument to
be used.

[0038] Thereby, manipulation using two treatment instru-
ments can be performed under endoscope observation. There-
fore, the configuration of efficiently performing diagnosis
and treatment by combining the treatment instrument which
is projected from the second treatment instrument outlet and
used under endoscope observation and the treatment instru-
ment which is projected from the treatment instrument outlet
24 and used under ultrasound diagnosis can be realized.
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[0039] As shown in FIG. 4, a distal end bending piece 8a
configuring the bending portion 24 is connected and fixed to
a proximal end side of the distal end rigid portion 2a. A
plurality of bending pieces notillustrated are connected to the
distal end bending piece 8a. A straight line connecting a
center of the bending portion 25 configured by connecting the
bending pieces is an endoscope insertion axis L1.

[0040] Distal end portions of vertical and lateral bending
wires 8w are fixedly provided at predetermined positions of
the distal end bending piece 8a. Accordingly, by an operator
properly operating the angle knob 3a, the bending wire 8w
corresponding to the operation is pulled or loosened so that
the bending portion 25 performs a bending operation. The
plurality of bending pieces are covered with a bending rubber
8g. A distal end portion of the bending rubber 8¢ is integrally
fixed to the distal end rigid portion 2a by a winder joining
portion 84.

[0041] The distal end surface 21 of the distal end rigid
portion 2a, and the observation distal end surface 21a are
configured to be orthogonal to the endoscope insertion axis
L1. In the distal end rigid portion 2a, a treatment instrument
inserting channel hole (hereinafter, abbreviated as a treatment
instrument hole) 27 configuring the treatment instrument out-
let 24, and a disposition hole 30 are formed.

[0042] The distal end rigid portion 24 includes a through
hole provided with the observation optical system, a through
hole provided with the illumination optical system, a through
hole for supplying air and water, which supplies a fluid to be
ejected from the air-supply and water-supply nozzle 25, a
through hole configuring the auxiliary water-supply channel
port 26 and the like though not illustrated, in addition to the
holes 27 and 30.

[0043] A center axis [.4 in a longitudinal direction of the
treatment instrument hole 27 is formed substantially parallel
with the endoscope insertion axis 1. A center axis L5 in a
longitudinal direction of the disposition hole 30 is formed
substantially parallel with the endoscope insertion axis 1.
Further, an optical axis L6 of the observation optical system
and an optical axis L7 of the illumination optical system
included in the ultrasound endoscope 1 are also parallel with
the endoscope insertion axis L1.

[0044] Accordingly, the observation optical system
included in the ultrasound endoscope 1 of the present
embodiment is a so-called direct-viewing type in which the
observation visual field is set at a front in a forward direction,
in other words, an insertion direction at a forward side of the
endoscope insertion axis L1.

[0045] One end portion of a tube connecting pipe 28
formed by being inclined by a predetermined amount is
allowed to communicate with a proximal end side of the
treatment instrument hole 27. One end portion of a channel
tube 29 configuring the treatment instrument inserting chan-
nel communicates with the other end portion of the tube
connecting pipe 28. The other end portion of the channel tube
29 communicates with the treatment instrument insertion port
3d.

[0046] The treatment instrument which is inserted via the
treatment instrument insertion port 34 smoothly moves inside
the channel tube 29, the tube connecting pipe 28 and the
treatment instrument hole 27 and is led outside from the
treatment instrument outlet 24. The treatment instrument
which is led outside from the treatment instrument outlet 24 is
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projected in the forward direction which is the insertion direc-
tion of the insertion portion 2 to be parallel with the endo-
scope insertion axis 1.

[0047] More specifically, in the state in which a distal end
portion of a puncture needle is disposed inside the treatment
instrument hole 27, as the treatment instrument, for example,
when a needle tube configuring the puncture needle is pro-
jected, the needle tube moves from the treatment instrument
outlet 24 toward the front in the forward direction observed
through the observation window 22a to be substantially par-
allel with the endoscope insertion axis L1.

[0048] Meanwhile, the disposition hole 30 is provided in
the distal end rigid portion 2a. The ultrasound unit 10 is fitted
in the disposition hole 30, and an abutting surface ofthe nose
piece 11 and a contact surface 36 of the distal end rigid portion
2a abut on each other, whereby positioning of the ultrasound
unit 10 with respect to the disposition hole 30 is performed.
From the other end side of the ultrasound unit 10, an ultra-
sound cable 34 connected to the ultrasound probe 12 is led
out.

[0049] An outer shape extending to the distal end from the
contact surface 36 of the distal end rigid portion 24, that is, a
surface shown by reference numeral and character 115 in
FIG. 2 includes an elevation width W of the ultrasound probe
12 and the abutting surface 114, and is set to have substan-
tially the same dimension as the outside dimension of the
distal end of the distal end rigid portion 24 as shown in FIG.
2.

[0050] Therefore, when the ultrasound unit 10 is pushed
against a body tissue on the occasion of ultrasound observa-
tion, the power of the operator grasping the operation portion
3inthedirection of the endoscope insertion axis L1 is reliably
transmitted to the ultrasound unit 10. As a result, the tissue
abutting surface 11a and the acoustic lens surface 12a can be
uniformly brought into close contact with the body tissue as
shown in FIG. 8. In this manner, the tissue abutting surface
11a and the acoustic lens surface 12a of the ultrasound unit 10
are pushed against the body tissue in the stable state, and a
favorable ultrasound observation image can be obtained.
[0051] The ultrasound probe 12 shown in FIGS. 4 and 5 is
configured by arranging a plurality of ultrasound transducers
9 in each of which, for example, a backing material, a piezo-
electric transducer, a matching layer and an acoustic lens are
stacked in layer. The plurality of ultrasound transducers 9
from a first ultrasound transducer 9F which is disposed at the
position closest to the treatment instrument outlet 24 and
irradiates ultrasound to a final ultrasound transducer 9L
which is at the farthest position when counted from the treat-
ment instrument outlet 24 are arranged at predetermined
pitches p. As shown in FIG. 5, a center of curvature O1 of the
circular arc of the ultrasound probe 12 is configured to be
located at a proximal end side from an opening surface 24a of
the treatment instrument outlet 24 provided in the distal end
rigid portion 2q. For the ultrasound transducer 9, an MUT
(Micromachined Ultrasound Transducer) element may be
used instead of the piezoelectric element.

[0052] By providing the center of curvature O1 of the cir-
cular arc of the ultrasound probe 12 at the proximal end side
from the opening surface 24a of the treatment instrument
outlet 24 like this, the distal end rigid length of the endoscope
1isshortened. Therefore, insertability of the endoscope 1 into
abody cavity is improved. Further, since the configuration in
which the ultrasound probe 12 is not disposed within the
observation visual field range of the endoscope 1 is adopted,
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the problem that a part of an endoscope image is lost by the
ultrasound probe 12 is solved. Further, the ultrasound probe
12 is not within the illumination light irradiation range of the
endoscope 1, and therefore, a part of illumination light is not
shielded by the ultrasound probe 12. Thus, illumination light
spreads into the observation visual field range of the endo-
scope 1, and a favorable endoscope image can be obtained.

[0053] In the ultrasound probe 12, a direction of a center
axis LF of a sound ray of the first ultrasound transducer 9F is
set to incline to the distal end side by an angle 61 with respect
to the distal end surface 21, with the distal end surface 21 of
the distal end rigid portion 2a, more specifically, the distal end
surface 21 including the treatment instrument outlet 24 as the
reference.

[0054] Further, when the direction of the center axis LF of
the sound ray of the first ultrasound transducer 9F is set to
incline to the distal end side by the angle 61, a spread angle 62
of the first ultrasound transducer 9F is taken into consider-
ation More specifically, the angle 61 is set so that atleast a part
ofthe distal end rigid portion 2a which is made of the material
that can reflect ultrasound, for example, a metal or a rigid
resin, at least a part of the air-supply and water-supply nozzle
25 or the like does not enter within the spread angle enclosed
by the two-dot chain line in FIG. 5. The angle 61 is set to be
larger than at least 6/2, that is half the spread angle 62.

[0055] When the distal end rigid portion 2a is within the
range of the spread angle, an artifact 42 as shown in FIG. 6
appears. However, according to the configuration of the
present embodiment, an artifact does not appear, and a treat-
ment instrument ultrasound image 41« is clearly visualized in
an ultrasound image 40 as shown in FIG. 7. Namely, the
treatment instrument ultrasound image 41a until the treat-
ment instrument 41 punctures a lesion 43 from the state in
which the treatment instrument 41 is slightly projected from
the treatment instrument outlet 24 is clearly visualized in the
ultrasound image 40. By obtaining such favorable visibility,
the treatment instrument 41 can be accurately introduced to
the lesion 43.

[0056] Meanwhile, a direction of a center axis LL of a
sound ray of the final ultrasound transducer 9L is set to be
parallel with the endoscope insertion axis L1, or to diverge by
an angle 03 as the center axis LL extends forward.

[0057] As aresult, when the treatment instrument 41 which
is projected from the treatment instrument outlet 24 is pro-
jected forward substantially in parallel with the endoscope
insertion axis L1, the treatment instrument 41 continues to
move in the vicinity of the center of the ultrasound scanning
range 10A. Further, even when the endoscope 1 moves before
puncture due to pulsation or the like, and the lesion 43 is
present outside the endoscope insertion axis L1 as shown in
FIG. 9, for example, the lesion 43 is located at a boarder of the
ultrasound scanning range 10A, whereby the lesion 43 is
displayed at an edge in the ultrasound image 40 as shown in
FIG. 10.

[0058] Namely, even if the relative position of the endo-
scope 1 and the lesion 43 deviates, the ultrasound scanning
range 10A is present up to the angle exceeding the endoscope
insertion axis L1, and therefore, sight of the lesion 43 can be
prevented from being lost. Accordingly, an operator can eas-
ily correct the positional deviation of the endoscope 1 and the
lesion 43 by performing a manual operation, and introduces
the treatment instrument 41 to the lesion 43 after the correc-
tion.
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[0059] In the above described embodiment, the elevation
width of the ultrasound probe 12 is set at the dimension W as
shown in FIG. 3. In other words, the elevation widths of the
plurality of ultrasound transducers 9 configuring the ultra-
sound probe 12 are uniformly set at the dimension W. On the
other hand, in the ultrasound probe 12A shown in FIGS. 11
and 12, an elevation width WF of the first ultrasound trans-
ducer 9F and an elevation width WL of the final ultrasound
transducer 9L are set at different dimensions.

[0060] More specifically, the elevation widths of the ultra-
sound transducers 9 are set to be continuously and gradually
narrower toward the final ultrasound transducer 9L from the
first ultrasound transducer 9F, namely, toward B from A in
FIG. 12. Accordingly, as shown in FIG. 11, the ultrasound
probe 12A is formed to be compact as compared with the
ultrasound probe 12 of FIG. 3, which is shown by the two-dot
chain line in FIG. 11, and formed into a trapezoidal shape
seen from the front.

[0061] In the ultrasound unit 10A configuring the ultra-
sound probe 12A like this, as the elevation width becomes
narrower, the ultrasound beam which is irradiated easily dif-
fuses and sensitivity is reduced theoretically.

[0062] However, in the present embodiment, by setting the
shape of the nose piece 11A to be small in accordance with a
change of the elevation width of the ultrasound probe 124,
the nose piece 11 A becomes small as compared with the outer
shape of the nose piece 11 of FIG. 3 shown by the two-dot
chain line, and reduction in the diameter of the distal end
portion of the endoscope 1 can be realized. Accordingly,
insertability of the endoscope can be improved.

[0063] In an ultrasound probe 12B with a configuration
shown in FIGS. 13 and 14, the first ultrasound transducer 9F
to the n™ ultrasound transducer 9z are set to have the same
dimensions. Specifically, the elevation width in a range from
Cto DinFIG. 14 is uniformly set at W. On the other hand, the
(n+1)™ ultrasound transducer 9(n+1) and the final ultrasound
transducer 9L differ in elevation width. More specifically,
toward the final ultrasound transducer 9L from the (n+1)”
ultrasound transducer 9(n+1), in other words, toward F from
E in FIG. 14, the elevation widths of the ultrasound transduc-
ers 9 are set to be gradually narrower. Accordingly, as shown
in FIG. 13, the ultrasound probe 12B is formed to be compact
as compared with the ultrasound probe 12 shown in FIG. 3
shown by the two-dot chain line and formed into the shape of
a home base of baseball seen from the front.

[0064] Thereby, the nose piece 11B is made smaller as
compared with the outer shape of the nose piece 11 shown in
FIG. 3 shown by the two-dot chain line, and reduction in the
diameter of the distal end portion of the endoscope 1 can be
realized. Further, in the ultrasound unit 10B configuring the
ultrasound probe 12B, the elevation width has the same
dimension in the range from A to B, and therefore, an ultra-
sound image with the similar image quality to the ultrasound
unit 10 can be obtained.

[0065] The present invention is not limited only to the
embodiment described above, but various modifications may
be made in the range without departing from the spirit of the
invention.

What is claimed is:

1. An ultrasound endoscope comprising an ultrasound
probe portion which is disposed at a distal end side of a distal
end rigid portion configuring a distal end portion out of a
flexible tube portion, a bending portion and the distal end
rigid portion configuring an endoscope insertion portion, and
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forms an ultrasound scanning surface having a normal line in
a direction orthogonal to an endoscope insertion axis, and a
treatment instrument outlet of a treatment instrument insert-
ing channel in the distal end rigid portion,
wherein the ultrasound probe comprises a plurality of
ultrasound transducers arranged in a convex circular arc
shape; and
a center of curvature of the plurality of ultrasound trans-
ducers is disposed at a proximal end side from the treat-
ment instrument outlet.
2. The ultrasound endoscope according to claim 1,
wherein a center axis of a sound ray of a first ultrasound
transducer disposed at a position which is the closest to
the treatment instrument outlet, out of the plurality of
ultrasound transducers, is set to be inclined in a distal
end direction by an angle which does not exceed 90
degrees, with respect to the endoscope insertion axis.
3. The ultrasound endoscope according to claim 1,
wherein a center axis in a longitudinal direction of the
treatment instrument inserting channel is set to be sub-
stantially parallel with the endoscope insertion axis.
4. The ultrasound endoscope according to claim 2,
wherein the distal end rigid portion includes a distal end
surface which becomes a plane substantially perpen-
dicular to the endoscope insertion axis, at the distal end
side, and the treatment instrument outlet is provided in
the distal end surface.
5. The ultrasound endoscope according to claim 4,
wherein an angle formed by the center axis ofthe sound ray
of the first ultrasound transducer and the endoscope
insertion axis is set so as not exceed an angle formed by
the distal end surface and the endoscope insertion axis,
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and the center axis of the sound ray is inclined in the
distal end direction from the distal end surface.

6. The ultrasound endoscope according to claim 4,

wherein relationship between an angle 61 formed by the
center axis of the sound ray of the first ultrasound trans-
ducer and the distal end surface and a spread angle 62 of
ultrasound irradiated from the first ultrasound trans-
ducer is set to be relationship of at least

01>02/2.

7. The ultrasound endoscope according to claim 1,

wherein a center axis of a sound ray of a final ultrasound
transducer which is the farthest from the treatment
instrument outlet, out of the plurality of ultrasound
transducers is set to be substantially parallel with the
endoscope insertion axis.

8. The ultrasound endoscope according to claim 7,

in the plurality of ultrasound transducers arranged in the
circular arc shape,

a sector formed by the circular arc, the center axis of the
sound ray of the final ultrasound transducer and the
endoscope insertion axis is located at an outer side from
a sector formed by the circular arc, a center axis of a
sound ray oscillated by the first ultrasound transducer
and the endoscope insertion axis.

9. The ultrasound endoscope according to claim 1,

wherein elevation widths of the plurality of ultrasound
transducers arranged in the circular arc shape have the
same dimensions, or are narrower at the distal end side
than a treatment instrument outlet side.

® ok % ok %
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