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ULTRASOUND ENDOSCOPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2016/078312 filed on Sep.
26, 2016 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2016-040958, filed on
Mar. 3, 2016, incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an ultrasound
endoscope.

2. Related Art
[0003] In the related art, there is a known method of

performing observation, in an ultrasound endoscope having
an ultrasound transducer at its distal end, by injecting
deaerated water into a balloon that is disposed so as to cover
an outer circumference of the ultrasound transducer and by
bringing the balloon into close contact with an observed
region, such as an alimentary canal (for example, see
Japanese Laid-open Patent Publication No. 2006-204642).
In the ultrasound endoscope, balloon bands provided at both
ends of the balloon are fitted into balloon grooves provided
at the distal end of the ultrasound endoscope.

[0004] With the ultrasound endoscope that performs
observation by using such a balloon, the balloon needs to be
removed from the ultrasound endoscope after the observa-
tion.

SUMMARY

[0005] In some embodiments, an ultrasound endoscope
includes: an ultrasound transducer, with a radial type, that is
provided at a distal end of an insertion portion configured to
be inserted into a subject, the ultrasound transducer being
configured to send ultrasound into the subject and receive
the ultrasound reflected in the subject; a balloon groove that
is provided on a distal end side of the ultrasound transducer
and in which a balloon band is fitted, the balloon band being
provided at an end portion of a balloon that is attached to
cover an outer surface of the ultrasound transducer; a contact
portion that constitutes a bottom surface of the balloon
groove and that is in contact with the balloon band; a first
wall portion that constitutes a proximal end side of the
balloon groove and in which a first distance that is a distance
from a center of a cross section orthogonal to an extension
direction of the insertion portion to an outer circumference
of the first wall portion is larger than a second distance that
is a distance from the center of the cross section to the
bottom surface; and a second wall portion that constitutes a
distal end side of the balloon groove, in which a third
distance that is a distance from the center of the cross section
to an outer circumference of the second wall portion is larger
than the second distance, and that includes a notch portion
provided with a surface in which a distance from the center
of the cross section to the surface of the notch portion is
smaller than the sum of the second distance and a thickness
of the balloon band, the notch portion being configured to
visually recognize the balloon band fitted into the balloon
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groove when the distal end of the insertion portion is viewed
from the distal end side of the insertion portion.

[0006] In some embodiments, an ultrasonic endoscope
includes: an ultrasound transducer, with a radial type, that is
provided at a distal end of an insertion portion configured to
be inserted into a subject, the ultrasound transducer being
configured to send ultrasound into the subject and receive
the ultrasound reflected in the subject; and

[0007] a balloon groove that is provided on a distal end
side of the ultrasound transducer and in which a balloon
band is fitted, the balloon band being provided at an end
portion of a balloon that is attached to cover an outer surface
of the ultrasound transducer. The balloon groove includes a
contact portion that constitutes a bottom surface of the
balloon groove and that is in contact with the balloon band,
a first wall portion that constitutes a wall surface of a
proximal end side of the balloon groove, and a second wall
portion that constitutes a wall surface of a distal end side of
the balloon groove and that includes a notch portion pro-
vided with a surface in D-cut shape formed on a part of the
second wall portion, the notch portion being configured to
visually recognize the balloon band fitted into the balloon
groove when the distal end of the insertion portion is viewed
from the distal end side of the insertion portion, and when
a tool for removing the balloon band is inserted along the
surface, the contact portion is prevented from being dam-
aged caused by a distal end of the tool being brought into
contact with the contact portion.

[0008] In some embodiments, an ultrasonic endoscope
includes: an ultrasound transducer that is provided at a distal
end of an insertion portion configured to be inserted into a
subject, the ultrasound transducer being configured to send
ultrasound into the subject and receive the ultrasound
reflected in the subject; a second balloon groove that is
provided on a proximal end side of the ultrasound transducer
and in which a balloon band is fitted, the balloon band being
provided at an end portion of a balloon that is attached to
cover an outer surface of the ultrasound transducer; a second
contact portion that constitutes a bottom surface of the
second balloon groove and that is in contact with the balloon
band; a third wall portion that constitutes a proximal end
side of the second balloon groove and in which a fifth
distance that is a distance from a center of a cross section
orthogonal to an extension direction of the insertion portion
to an outer circumference of the third wall portion is larger
than a fourth distance that is a distance from the center of the
cross section to the bottom surface; and a fourth wall portion
that constitutes a distal end side of the second balloon
groove, in which a sixth distance that is a distance from the
center of the cross section to an outer circumference of the
fourth wall portion is larger than the fourth distance, and that
includes a notch portion provided with a surface in which a
distance from the center of the cross section to the surface
of the notch portion is smaller than the sum of the fourth
distance and a thickness of the balloon band.

[0009] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic view illustrating an ultra-
sound endoscope system that includes an ultrasound endo-
scope according to an embodiment of the disclosure;
[0011] FIG. 2 is a side view illustrating the configuration
of a distal end portion of an insertion portion of the ultra-
sound endoscope illustrated in FIG. 1,

[0012] FIG. 3 is a diagram as viewed from an arrow A
illustrated in FIG. 2;

[0013] FIG. 4 is a cross sectional view associated with a
line B-B illustrated in FIG. 2;

[0014] FIG. 5 is a cross sectional view illustrating another
example associated with the line B-B illustrated in FIG. 2;
[0015] FIG. 6 is a side view illustrating the configuration
of a distal end portion of an insertion portion of an ultra-
sound endoscope according to a first modification of the
embodiment;

[0016] FIG. 7 is a diagram as viewed from an arrow E
illustrated in FIG. 6;

[0017] FIG. 8 is a side view illustrating the configuration
of a distal end portion of an insertion portion of an ultra-
sound endoscope according to a second modification of the
embodiment;

[0018] FIG. 9 is a diagram as viewed from an arrow F
illustrated in FIG. 8; and

[0019] FIG. 10 is a diagram illustrating the configuration
of a distal end portion of an insertion portion according to
another modification of the embodiment.

DETAILED DESCRIPTION

[0020] Preferred embodiments of an ultrasound endoscope
according to the disclosure will be explained with reference
to accompanying drawings. Furthermore, the disclosure is
not limited to the embodiments. In the embodiments
described below, an ultrasound endoscope in which a bal-
loon groove is formed on both the proximal end side and the
distal end side of an ultrasound transducer is described as an
example; however, the ultrasound endoscope according to
the disclosure can be applied to a typically used ultrasound
endoscope in which a balloon groove is formed and also
applied to an ultrasound endoscope in which, for example,
a balloon groove is formed only on the proximal end side of
an ultrasound transducer.

[0021] In the drawings, components that are identical to
those in embodiments are assigned the same reference
numerals. The drawings used for the descriptions below are
only schematic illustrations. The relationship between the
thickness and the width of each member, the proportions of
each member, and so on are different from those used in
practice. The size or reduction in scale of elements may
sometimes differ between the drawings.

EMBODIMENT

[0022] FIG. 1 is a schematic view illustrating an ultra-
sound endoscope system that includes an ultrasound endo-
scope according to an embodiment of the disclosure. An
ultrasound endoscope system 1 illustrated in FIG. 1 includes
an ultrasound endoscope 2, an endoscope observation appa-
ratus 3, an ultrasound observation apparatus 4, a display
device 5, a light source device 6, a video cable 7 that
connects the ultrasound endoscope 2 and the endoscope
observation apparatus 3, an ultrasound cable 8 that connects
the ultrasound endoscope 2 and the ultrasound observation
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apparatus 4, and a light source cable 9 that connects the
ultrasound endoscope 2 and the light source device 6.
[0023] The ultrasound endoscope 2 is formed by combin-
ing an endoscope observation unit, which has observation
optical system constituted by lenses or the like and has an
image sensor, and an ultrasound transducer and has an
endoscope observation function and an ultrasound measure-
ment function. The endoscope observation apparatus 3 con-
trols the endoscope observation function and processes an
output signal that is output from the ultrasound endoscope 2
obtained from endoscope observation. The ultrasound obser-
vation apparatus 4 controls the ultrasound measurement
function and processes an output signal that is output from
the ultrasound endoscope 2 obtained from ultrasound mea-
surement. The display device 5 acquires signals output from,
for example, the endoscope observation apparatus 3 and the
ultrasound observation apparatus 4 and appropriately dis-
plays at least one of an endoscope image and an ultrasound
tomogram. The light source device 6 includes a light source
for supplying illumination light that is used to perform
endoscope observation.

[0024] The ultrasound endoscope 2 includes an insertion
portion 10 that is inserted into the body, that sends an
ultrasound signal into the subject, and that receives the
ultrasound signal reflected in the subject; an operating unit
11 that is consecutively provided on the proximal end side
of the insertion portion 10; and an universal cable 12
extended from a side portion of the operating unit 11. The
universal cable 12 includes a connector portion 13 that is
provided on the end portion located on the different side
from the operating unit 11 side and that is connected to each
of the video cable 7, the ultrasound cable 8, and the light
source cable 9.

[0025] The insertion portion 10 is formed by consecu-
tively connecting, in the order from the distal end side, a
distal end portion 10q that is provided with an ultrasound
transducer 100, which will be described later; a bending
portion 104 that is formed so as to be freely bendable; and
a flexible tube portion 10c¢ that has flexibility. The proximal
end of the flexible tube portion 10c¢ is consecutively con-
nected on the distal end side of the operating unit 11.
Furthermore, in the present specification, the distal end side
along the direction in which the insertion portion 10 is
inserted (an upper part along the plane of the drawing in
FIG. 1) is referred to as a distal end side and the proximal
end side along the direction in which the insertion portion 10
is inserted (a lower part along the plane of the drawing in
FIG. 1) is referred to as a proximal end side.

[0026] A treatment instrument insertion port 11a that is
used to introduce a puncture needle or the like that is a
treatment instrument is provided in the operating unit 11. A
treatment instrument insertion path is provided inside the
insertion portion 10 and the treatment instrument insertion
port 11a functions as an insertion port of the treatment
instrument insertion path.

[0027] Both the ultrasound endoscope 2 and the endo-
scope observation apparatus 3 are electrically connected by
the video cable 7 that is connected to the connector portion
13. Both the ultrasound endoscope 2 and an ultrasound
observation apparatus 4 are electrically connected by the
ultrasound cable 8 that is connected to the connector portion
13. The light source cable 9 is an optical fiber cable and both
the ultrasound endoscope 2 and the light source device 6
introduce, to the ultrasound endoscope 2, illumination light
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emitted from a light source of the light source device 6 by
the light source cable 9 that is connected to the connector
portion 13.

[0028] FIG. 2 is a side view illustrating the configuration
of the distal end portion of the insertion portion of the
ultrasound endoscope illustrated in FIG. 1. FIG. 3 is a
diagram as viewed from an arrow A illustrated in FIG. 2.
FIG. 4 is a cross sectional view associated with a line B-B
illustrated in FIG. 2. Furthermore, FIG. 2 illustrates a cross
section associated with the cross sectional view of a balloon
111 taken along a line C-C illustrated in FIG. 3 in the state
in which the balloon 111 is attached to the distal end portion
10a of the insertion portion 10 so as to cover the outer
surface of the ultrasound transducer 100 (cross sectional
view taken along a line D-D illustrated in FIG. 4).

[0029] As illustrated in FIG. 2, the ultrasound transducer
100 is provided at the distal end portion 10« that is located
at the distal end of the insertion portion 10 to be inserted into
the subject. A distal-end-side balloon groove 101 that is a
balloon groove is provided on the distal end side of the
ultrasound transducer 100. The proximal end side of the
distal-end-side balloon groove 101 is constituted by a first
wall surface that is a surface of a first wall portion 102 on
the distal end side. The distal end side of the distal-end-side
balloon groove 101 is constituted by the second wall surface
that is a surface of a second wall portion 103 on the proximal
end side. Furthermore, a proximal-end-side balloon groove
104 that is a balloon groove is provided on the proximal end
side of the ultrasound transducer 100. The proximal end side
of the proximal-end-side balloon groove 104 is constituted
by the first wall surface that is a surface of a first wall portion
105 on the distal end side. The distal end side of the
proximal-end-side balloon groove 104 is constituted by the
second wall surface that is a surface of a second wall portion
106 on the proximal end side.

[0030] The balloon 111 includes a main body 112 that
covers the outer surface of the ultrasound transducer 100, a
distal-end-side balloon band 113 that is provided on the
distal end side of the main body 112, and a proximal-end-
side balloon band 114 that is provided on the proximal end
side of the main body 112. Then, the distal-end-side balloon
band 113 is fitted into the distal-end-side balloon groove
101, whereas the proximal-end-side balloon band 114 is
fitted into the proximal-end-side balloon groove 104.
[0031] The ultrasound transducer 100 sends ultrasound
into the subject and receives ultrasound (ultrasound echo)
reflected in the subject. The outer circumference of the
ultrasound transducer 100 is covered by the acoustic lens.
The acoustic lens has a convex shape or a concave shape on
one of the surfaces and has a function of diffusing ultrasound
when externally emitting the ultrasound received from the
ultrasound transducer 100 and extracting the ultrasound
when acquiring the ultrasound received from outside into the
ultrasound transducer 100.

[0032] As illustrated in FIG. 3, a contact portion 1014 that
constitutes the bottom surface of the distal-end-side balloon
groove 101 and that is in contact with the distal-end-side
balloon band 113 fitted into the distal-end-side balloon
groove 101 has a circular shape. Furthermore, in the present
specification, each of the directions from the center of the
distal-end-side balloon groove 101 having a circular shape
toward the outer side along the cross section orthogonal to
the extension direction of the insertion portion 10 is referred
to as a radial direction. Furthermore, the distance from the
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center to the outer circumference in each of the radial
directions is referred to as a radius.

[0033] In each of the radial directions, a radius (a first
distance) of a first wall surface of the first wall portion 102
is larger than a radius (a second distance) of the contact
portion 101a of the distal-end-side balloon groove 101.
Namely, the outer circumference of the first wall portion 102
has the same center as the contact portion 101a of the
distal-end-side balloon groove 101 and has a circular shape
with a larger radius than the contact portion 101a.

[0034] The second wall portion 103 has, in each of the
radial directions, a wall surface in which a radius (a third
distance) of the second wall surface of the second wall
portion 103 is larger than the radius (the second distance) of
the contact portion 101e of the distal-end-side balloon
groove 101. Furthermore, the second wall portion 103 has a
notch portion 103« in a D-cut shape, the notch portion 1034
being provided with a surface 103aa in which the radius (the
third distance) of a one direction (upward along the plane of
the drawing in FIG. 3) from among the radial directions is
reduced. The radius (the third distance) of the surface 103aa
of the notch portion 103a is equal to or greater than the
radius of the contact portion 101« and is smaller than the
radius of the second wall portion 103 in the direction in
which the radius of the second wall portion 103 is the
largest.

[0035] As illustrated in FIG. 4, a contact portion 104a that
constitutes the bottom surface of the proximal-end-side
balloon groove 104 and that is in contact with the proximal-
end-side balloon band 114 fitted into the proximal-end-side
balloon groove 104 has a circular shape.

[0036] In each of the radial directions, the radius (the first
distance) of the first wall surface of the first wall portion 105
is larger than the radius of the contact portion 104a of the
proximal-end-side balloon groove 104. Namely, outer cir-
cumference of the first wall portion 105 has the same center
as the contact portion 104a of the proximal-end-side balloon
groove 104 and has a circular shape with a larger radius than
the contact portion 104a.

[0037] The second wall portion 106 has, in each of the
radial directions, a wall surface in which the radius (the third
distance) of the second wall surface of the second wall
portion 106 is larger than the radius (the second distance) of
the contact portion 104a of the proximal-end-side balloon
groove 104. Furthermore, the second wall portion 106 has a
notch portion 1064 in a D-cut shape, the notch portion 106a
having a surface 106ae in which the radius (the third
distance) of a one direction (upward along the plane of the
drawing in FIG. 4) from among the radial directions is
reduced. The radius (the third distance) of the surface 106aa
of the notch portion 106a is equal to or greater than the
radius of the contact portion 104a and is smaller than the
radius of the second wall portion 106 in the direction in
which the radius of the second wall portion 106 is the
largest.

[0038] In the following, an operation performed when the
balloon 111 is removed from the ultrasound endoscope 2
will be described. First, a user inflates the main body 112 of
the balloon 111 by introducing a small amount of liquid,
such as water, into the balloon 111. In this state, the user
holds the main body 112 of the balloon 111 by the user’s
fingers and removes the proximal-end-side balloon band 114
that is fitted into the proximal-end-side balloon groove 104.
Furthermore, the user pulls the held balloon 111 toward the
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distal end side and removes the distal-end-side balloon band
113 that is fitted into the distal-end-side balloon groove 101.
At this time, in some cases, the balloon 111 is broken and the
distal-end-side balloon band 113 is left in the distal-end-side
balloon groove 101.

[0039] Here, in the ultrasound endoscope 2, it is possible
to remove the distal-end-side balloon band 113 from the
distal-end-side balloon groove 101 by using a tool with a
sharp distal end, such as a toothpick. The user inserts the tool
with the sharp distal end from the distal end side illustrated
in FIG. 2 along the surface 103aa of the notch portion 1034
of the second wall portion 103. Then, the distal end of the
tool with the sharp distal end abuts against the surface of the
first wall portion 102 on the distal end side. Subsequently,
the user lifts the tool with the sharp distal end in a direction
in which the tool with the sharp distal end away from the
contact portion 101a of the distal-end-side balloon groove
101 (upward along the plane of the drawing in FIG. 2). Then,
the user further pulls the tool with the sharp distal end
toward for example, the distal end side in a state in which the
distal-end-side balloon band 113 is caught by the tool with
the sharp distal end and then removes the distal-end-side
balloon band 113 from the distal-end-side balloon groove
101. Alternatively, the user can remove the distal-end-side
balloon band 113 by the user’s fingers from the state in
which the distal-end-side balloon band 113 is caught by the
tool with the sharp distal end or can cut the distal-end-side
balloon band 113 by a pair of scissors, a scalpel, or the like.
[0040] As described above, because the notch portion
103a is formed on the second wall portion 103, the tool with
the sharp distal end is easily inserted between the distal-
end-side balloon band 113 and the distal-end-side balloon
groove 101; therefore, the ultrasound endoscope 2 is an
ultrasound endoscope in which a balloon is easily removed.
[0041] Furthermore, with the ultrasound endoscope 2,
because the tool with the sharp distal end is inserted along
the surface 103aa of the notch portion 1034 of the second
wall portion 103, the distal end of the tool with the sharp
distal end is prevented from being damaged caused by being
brought into contact with the contact portion 101a of the
distal-end-side balloon groove 101. If the contact portion
101a of the distal-end-side balloon groove 101 is damaged,
leakage may sometimes occur when liquid, such as water, is
introduced into the balloon 111 attached to the ultrasound
endoscope 2.

[0042] Furthermore, in the ultrasound endoscope 2, it is
preferable that a radius of a portion of the first wall portion
102 across the distal-end-side balloon groove 101 from the
notch portion 103a is larger than the radius of the notch
portion 103a. In this case, the distal end of the tool with the
sharp distal end that was inserted along the surface 103aa of
the notch portion 103a of the second wall portion 103 abuts
against the surface of the distal end side of the first wall
portion 102. Consequently, the tool with the sharp distal end
is prevented from being damaged caused by being brought
into contact with the acoustic lens that covers the ultrasound
transducer 100.

[0043] Furthermore, when the balloon 111 is removed
from the ultrasound endoscope 2, the proximal-end-side
balloon band 114 fitted into the proximal-end-side balloon
groove 104 is sometimes left in the proximal-end-side
balloon groove 104. Because the notch portion 106a is also
formed on the second wall portion 106, the tool with the
sharp distal end is easily inserted between the proximal-end-
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side balloon band 114 and the proximal-end-side balloon
groove 104, the ultrasound endoscope 2 is an ultrasound
endoscope in which the balloon is also easily removed on the
proximal end side.

[0044] Furthermore, in the ultrasound endoscope 2, it is
preferable to visually recognize the distal-end-side balloon
band 113 fitted into the distal-end-side balloon groove 101
when viewing the distal end of the insertion portion 10 from
the distal end side (direction of the arrow A illustrated in
FIG. 2) of the extension direction of the insertion portion 10.
If the distal-end-side balloon band 113 can be visually
recognized, the tool with the sharp distal end can be easily
inserted between the distal-end-side balloon band 113 and
the distal-end-side balloon groove 101. Thus, it is preferable
that the radius of the surface 103aa of the notch portion 1034
be smaller than the sum of the radius of the contact portion
101a and the thickness of the distal-end-side balloon band
13.

[0045] Furthermore, in the ultrasound endoscope 2, the
second wall portion 103 and the second wall portion 106
have the notch portion 103a and the notch portion 106a,
respectively, in a one direction from among the radial
directions; however, notch portions may also be included in
a plurality of directions in the radial directions. FIG. 5 is a
cross sectional view illustrating another example associated
with the line B-B illustrated in FIG. 2. As illustrated in FIG.
5, the second wall portion 106 has an oval shape in cross
section and has two notch portions 1064 having surfaces
106aa in which radii (the third distance) of two directions
(upward and downward along the plane of the drawing in
FIG. 5) from among the radial directions are reduced.
[0046] Furthermore, in the ultrasound endoscope 2, the
surface 103aa of the notch portion 1034 of the second wall
portion 103 may also be reinforced because the surface
103aa is brought into contact with the tool with the sharp
distal end. Furthermore, because the surface 103aa of the
notch portion 1034 of the second wall portion 103 and the
tool with the sharp distal end slide each other, it is preferable
to use a material having an excellent sliding property. In
order to implement this, the surface 103aa of the notch
portion 103a of the second wall portion 103 may also be
coated by, for example, Teflon (registered trademark), fluo-
rine, diamond, or the like. Furthermore, the surface 103aa of
the notch portion 103a of the second wall portion 103 may
also be formed of a material, such as hard titanium.
[0047] First Modification

[0048] FIG. 6 is a side view illustrating the configuration
of a distal end portion of an insertion portion of an ultra-
sound endoscope according to a first modification of the
embodiment. FIG. 7 is a diagram as viewed from an arrow
E illustrated in FIG. 6. The configuration of a distal end
portion 10Aa of an ultrasound endoscope according to a first
modification will be described with reference to FIG. 6 and
FIG. 7.

[0049] As illustrated in FIG. 7, in each of the radial
directions, a radius (the first distance) of a first wall surface
of a first wall portion 102A that constitutes the proximal end
side of the distal-end-side balloon groove 101 is larger than
the radius (the second distance) of the contact portion 101a
of the distal-end-side balloon groove 101. Namely, an outer
circumference of the first wall portion 102A has the same
center as the contact portion 101a of the distal-end-side
balloon groove 101 and has a circular shape with a larger
radius than the contact portion 101a. Furthermore, an
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inclined surface 102Aa in which a radius (the first distance)
is decreased toward the distal end side along the extension
direction of the insertion portion 10 is formed on the first
wall portion 102A facing the notch portion 1034 in the radial
direction of the first wall portion 102A.

[0050] In the ultrasound endoscope according to the first
modification, the distal end of the tool with the sharp distal
end that is inserted along the surface 103aa of the notch
portion 1034 of the second wall portion 103 moves forward
along the inclined surface 102Aa of the first wall portion
102A. Consequently, the tool with the sharp distal end is
prevented from being damaged caused by being brought into
contact with the acoustic lens that covers the ultrasound
transducer 100. Furthermore, the inclined surface 102Aa
may also be connected to the distal-end-side balloon groove
101 by a smoothly curved surface.

[0051] Furthermore, in the ultrasound endoscope accord-
ing to the first modification, when removing the distal-end-
side balloon band 113 that is left behind in the distal-end-
side balloon groove 101, a user can remove the distal-end-
side balloon band 113 from the distal-end-side balloon
groove 101 without using any tool by sliding by using the
user’s fingers the distal-end-side balloon band 113 to the
distal end side along the inclined surface 102Aa of the first
wall portion 102A.

[0052] Furthermore, in the ultrasound endoscope accord-
ing to the first modification, in the case where, in a straight
line group where each straight line is obtained by connecting
an arbitrary point (for example, a point P1 in FIG. 6) on a
front surface of the surface 103aq of the notch portion 1034
and an arbitrary point (for example, a point P2 in FIG. 6) on
a front surface of the first wall portion 102A, each straight
line (for example, a straight line L in FIG. 6) included in the
straight line group is disposed so as not to intersect the first
wall portion 102A and the second wall portion 103 except
for the two points, it is preferable that a three-dimensionally
spreading area through which the straight line group passes
does not intersect the acoustic lens that covers the ultrasound
transducer 100. The reason for this is to prevent the tool with
the sharp distal end that has moved forward along the
inclined surface 102Aa of the first wall portion 102A from
being damaged caused by being brought into contact with
the acoustic lens that covers the ultrasound transducer 100.
[0053] Second Modification

[0054] FIG. 8 is a side view illustrating the configuration
of a distal end portion of an insertion portion of an ultra-
sound endoscope according to a second modification of the
embodiment. FIG. 9 is a diagram as viewed from an arrow
F illustrated in FIG. 8. The configuration of a distal end
portion 10Ba of the ultrasound endoscope according to the
second modification will be described with reference to FIG.
8 and FIG. 9.

[0055] As illustrated in FIG. 9, in each of the radial
directions, a radius (the first distance) of a first wall surface
of a first wall portion 102B that constitutes the proximal end
side of the distal-end-side balloon groove 101 is larger than
the radius (the second distance) of the contact portion 101a
of the distal-end-side balloon groove 101. Namely, an outer
circumference of the first wall portion 102B has the same
center as the contact portion 101a of the distal-end-side
balloon groove 101 and has a circular shape with a larger
radius than the contact portion 101a. Furthermore, an
inclined surface 102Ba in which a radius (the first distance)
is decreased toward the distal end side along the extension

May 2, 2019

direction of the insertion portion 10 is formed on the first
wall portion 102B facing the notch portion 1034 in the radial
direction of the first wall portion 102B. The inclined surface
102Ba is formed around the entire circumference of the first
wall portion 102B. The inclined surface 102Ba is connected
to a cylindrical portion 102Bb having a constant radius
along the extension direction of the insertion portion 10.

[0056] In the ultrasound endoscope according to the sec-
ond modification, the distal end of the tool with the sharp
distal end inserted along the surface 103aa of the notch
portion 103¢a of the second wall portion 103 moves ahead
along the inclined surface 102Ba of the first wall portion
102B. Consequently, the tool with the sharp distal end is
prevented from being damaged caused by being brought into
contact with the acoustic lens that covers the ultrasound
transducer 100. In this way, the inclined surface 102Ba may
also be formed around the entire circumference of the radial
direction.

[0057] Furthermore, in the ultrasound endoscope accord-
ing to the second modification, a notch portion is not formed
on a second wall portion 106B of the distal end side of the
proximal-end-side balloon groove 104. In this way, a notch
portion may also be disposed on one side of the distal end
side and proximal end side of the ultrasound transducer 100.

[0058] FIG. 10 is a diagram illustrating the configuration
of a distal end portion of an insertion portion according to
another modification of the embodiment. FIG. 10 is a
diagram of the ultrasound endoscope associated with FIG. 3
viewed from the distal end side. As illustrated in FIG. 10, the
notch portion 1034 is not limited to the D-cut shape, but may
also be, for example, a concave portion. By forming the
notch portion 103a as the concave portion illustrated in FIG.
10, a cutting instrument, such as a pair of scissors, is not able
to enter the notch portion 103a. Consequently, the contact
portion 101a of the distal-end-side balloon groove 101 is
prevented from being damaged by such a cutting instrument.

[0059] Furthermore, in the embodiment described above,
the ultrasound endoscope having a radial type ultrasound
transducer has been described; however, the embodiment is
not limited to this. For example, the embodiment can be
applied to an ultrasound endoscope having a convex type
ultrasound transducer.

[0060] Further advantages and modifications can be easily
derived by those skilled in the art. Therefore, the disclosure
in its broader aspect is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

[0061] According to some embodiments, it is possible to
implement an ultrasound endoscope in which a balloon is
easily removed.

[0062] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
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What is claimed is:

1. An ultrasound endoscope comprising:

an ultrasound transducer, with a radial type, that is pro-
vided at a distal end of an insertion portion configured
to be inserted into a subject, the ultrasound transducer
being configured to send ultrasound into the subject and
receive the ultrasound reflected in the subject;

a balloon groove that is provided on a distal end side of
the ultrasound transducer and in which a balloon band
is fitted, the balloon band being provided at an end
portion of a balloon that is attached to cover an outer
surface of the ultrasound transducer;

a contact portion that constitutes a bottom surface of the
balloon groove and that is in contact with the balloon
band;

a first wall portion that constitutes a proximal end side of
the balloon groove and in which a first distance that is
a distance from a center of a cross section orthogonal
to an extension direction of the insertion portion to an
outer circumference of the first wall portion is larger
than a second distance that is a distance from the center
of the cross section to the bottom surface; and

a second wall portion that constitutes a distal end side of
the balloon groove, in which a third distance that is a
distance from the center of the cross section to an outer
circumference of the second wall portion is larger than
the second distance, and that includes a notch portion
provided with a surface in which a distance from the
center of the cross section to the surface of the notch
portion is smaller than the sum of the second distance
and a thickness of the balloon band, the notch portion
being configured to visually recognize the balloon band
fitted into the balloon groove when the distal end of the
insertion portion is viewed from the distal end side of
the insertion portion.

2. The ultrasound endoscope according to claim 1,
wherein the first distance of a portion of the first wall portion
across the balloon groove from the notch portion is larger
than a distance from the center of the cross section to an
outer circumference of the surface that is formed on the
notch portion.

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

a second balloon groove that is provided on a proximal
end side of the ultrasound transducer and in which a
balloon band is fitted, the balloon band being provided
at an end portion of a balloon that is attached to cover
an outer surface of the ultrasound transducer;

a second contact portion that constitutes a bottom surface
of the second balloon groove and that is in contact with
the balloon band;

a third wall portion that constitutes a proximal end side of
the second balloon groove and in which a distance from
the center of the cross section to an outer circumference
of the third wall portion is larger than a fourth distance
that is a distance from the center of the cross section to
the bottom surface; and

a fourth wall portion that constitutes a distal end side of
the second balloon groove, in which a distance from the
center of the cross section to an outer circumference of
the fourth wall portion is larger than the fourth distance,
and that includes a notch portion provided with a
surface in which a distance from the center of the cross
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section to the surface of the notch portion is smaller
than the sum of the fourth distance and a thickness of
the balloon band.

4. The ultrasound endoscope according to claim 1, further
comprising an acoustic lens configured to cover an outer
circumference of the ultrasound transducer, wherein

in a case where, in a straight line group where each

straight line is obtained by connecting an arbitrary
point on a front surface of the surface formed on the
notch portion and an arbitrary point on a front surface
of the first wall portion, each straight line in the straight
line group is disposed so as not to intersect the first wall
portion and the second wall portion except for the two
points, the straight line group does not intersect the
acoustic lens.

5. The ultrasound endoscope according to claim 1,
wherein an inclined surface in which the first distance is
decreased toward a distal end side along the extension
direction of the insertion portion is formed on the first wall
portion facing the notch portion in the cross section of the
first wall portion.

6. The ultrasound endoscope according to claim 5,
wherein the inclined surface is formed on the entire circum-
ference of the first wall portion.

7. The ultrasound endoscope according to claim 1,
wherein, when a sharp tool is inserted from the notch
portion, the first wall portion is located between the sharp
tool and the ultrasonic transducer.

8. The ultrasonic endoscope according to claim 1, wherein
the notch portion includes a surface formed in a D-cut shape.

9. The ultrasonic endoscope according to claim 1, wherein
the notch portion is a concave portion.

10. The ultrasonic endoscope according to claim 1,
wherein a distance from the center of the cross section to the
surface of the notch portion is equal to the second distance.

11. The ultrasonic endoscope according to claim 1,
wherein coating having excellent sliding property is applied
to the notch portion.

12. An ultrasonic endoscope comprising:

an ultrasound transducer, with a radial type, that is pro-

vided at a distal end of an insertion portion configured
to be inserted into a subject, the ultrasound transducer
being configured to send ultrasound into the subject and
receive the ultrasound reflected in the subject; and

a balloon groove that is provided on a distal end side of

the ultrasound transducer and in which a balloon band
is fitted, the balloon band being provided at an end
portion of a balloon that is attached to cover an outer
surface of the ultrasound transducer, wherein

the balloon groove includes

a contact portion that constitutes a bottom surface of
the balloon groove and that is in contact with the
balloon band,

a first wall portion that constitutes a wall surface of a
proximal end side of the balloon groove, and

a second wall portion that constitutes a wall surface of
a distal end side of the balloon groove and that
includes a notch portion provided with a surface in
D-cut shape formed on a part of the second wall
portion, the notch portion being configured to visu-
ally recognize the balloon band fitted into the balloon
groove when the distal end of the insertion portion is
viewed from the distal end side of the insertion
portion, and
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when a tool for removing the balloon band is inserted
along the surface, the contact portion is prevented from
being damaged caused by a distal end of the tool being
brought into contact with the contact portion.

13. An ultrasonic endoscope comprising:

an ultrasound transducer that is provided at a distal end of
an insertion portion configured to be inserted into a
subject, the ultrasound transducer being configured to
send ultrasound into the subject and receive the ultra-
sound reflected in the subject;

a second balloon groove that is provided on a proximal
end side of the ultrasound transducer and in which a
balloon band is fitted, the balloon band being provided
at an end portion of a balloon that is attached to cover
an outer surface of the ultrasound transducer;

a second contact portion that constitutes a bottom surface
of the second balloon groove and that is in contact with
the balloon band;

a third wall portion that constitutes a proximal end side of
the second balloon groove and in which a fifth distance
that is a distance from a center of a cross section
orthogonal to an extension direction of the insertion
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portion to an outer circumference of the third wall
portion is larger than a fourth distance that is a distance
from the center of the cross section to the bottom
surface; and

a fourth wall portion that constitutes a distal end side of

the second balloon groove, in which a sixth distance
that is a distance from the center of the cross section to
an outer circumference of the fourth wall portion is
larger than the fourth distance, and that includes a notch
portion provided with a surface in which a distance
from the center of the cross section to the surface of the
notch portion is smaller than the sum of the fourth
distance and a thickness of the balloon band.

14. The ultrasonic endoscope according to claim 13,
wherein the notch portion has a D-cut shape.

15. The ultrasonic endoscope according to claim 13,
wherein the fourth wall portion has an oval shape in cross
section.

16. The ultrasonic endoscope according to claim 15,
wherein the notch portion includes two notch portions.
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