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(57)  An ultrasound endoscope includes an ultra-

sound transducer; a balloon groove; a contact portion FIG.2

that constitutes a bottom surface of the balloon groove

and that is in contact with a balloon band; a first wall ﬁa
portion that includes a first wall surface being a surface
constituting the balloon groove on a ultrasound transduc- 111 B>
er side and in which a first distance that is a distance 103a 113 112 100 114
from a center of a cross section orthogonal to an exten- \ i ey :;3;
sion direction of the insertion portion to an outer circum- S
ference of a first wall surface is larger than a second
distance that is a distance from the center of the cross
section to an outer circumference of the contact portion;
and a second wall portion that includes a second wall
surface being a surface constituting the balloon groove
and facing the first wall surface, in which a third distance
that is a distance from the center of the cross section to B—>
an outer circumference of the second wall surface is larg-

er 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 larger than the second distance and is smaller

than a distance in a direction in which the third distance

is the largest. Consequently, an ultrasound endoscope

in which a balloon can be easily removed is provided.
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Description
Field
[0001] The present invention relates to an ultrasound endoscope.
Background

[0002] Conventionally, 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 Patent Literature 1). 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.
[0003] With the ultrasound endoscope that performs observation by using such a balloon, the balloon needs to be
removed from the ultrasound endoscope after the observation.

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Laid-open Patent Publication No. 2006-204642
Summary

Technical Problem

[0005] With the conventional ultrasound endoscope, in some cases, it is difficult for a user to remove the balloon after
observation because the balloon is in close contact with the ultrasound endoscope. In particular, in the case where only
the balloon band has been left in the balloon groove, it is extremely difficult to remove the balloon.

[0006] Accordingly, the present invention has been conceived in light of the circumstances described above, and an
object thereof is to provide an ultrasound endoscope in which a balloon is easily removed.

Solution to Problem

[0007] To solve the problem described above and to achieve the object, an ultrasound endoscope according to one
aspect of the present invention 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 balloon groove that is provided on at least one side of a distal end
side and 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 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 includes a first wall surface being a surface constituting the balloon groove on a ultrasound transducer side
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 surface is larger than a second distance that is a distance
from the center of the cross section to an outer circumference of the contact portion; and a second wall portion that
includes a second wall surface being a surface constituting the balloon groove and facing the first wall surface, in which
a third distance that is a distance from the center of the cross section to an outer circumference of the second wall
surface 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 larger than the second distance and is smaller
than a distance in a direction in which the third distance is the largest.

[0008] In the ultrasound endoscope according to one aspect of the present invention, 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.

[0009] In the ultrasound endoscope according to one aspect of the present invention, the notch portion is formed on
the second wall portion of a distal end side of the balloon groove provided on the distal end side of the ultrasound
transducer.

[0010] The ultrasound endoscope according to one aspect of the present invention, further includes an acoustic lens
configured to cover an outer circumference of the ultrasound transducer. In a case where, in a straight line group where
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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.

[0011] In the ultrasound endoscope according to one aspect of the present invention, 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.

[0012] In the ultrasound endoscope according to one aspect of the present invention, the inclined surface is formed
on the entire circumference of the first wall portion.

[0013] In the ultrasound endoscope according to one aspect of the present invention, when the distal end of the
insertion portion is viewed from a distal end side of the extension direction of the insertion portion, the balloon band that
is fitted into the balloon groove can be visually recognized.

Advantageous Effects of Invention

[0014] According to an aspect of the present invention, it is possible to implement an ultrasound endoscope in which
a balloon is easily removed.

Brief Description of Drawings
[0015]

FIG. 1 is a schematic view illustrating an ultrasound endoscope system that includes an ultrasound endoscope
according to an embodiment of the present invention.

FIG. 2 is a side view illustrating the configuration of a distal end portion of an 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.

FIG. 5 is a cross sectional view illustrating another example associated with the line B-B illustrated in FIG. 2.

FIG. 6 is a side view illustrating the configuration of a distal end portion of an insertion portion of an ultrasound
endoscope according to a first modification of the embodiment.

FIG. 7 is a diagram as viewed from an arrow E illustrated in FIG. 6.

FIG. 8 is a side view illustrating the configuration of a distal end portion of an insertion portion of an ultrasound
endoscope according to a second modification of the embodiment.

FIG. 9 is a diagram as viewed from an arrow F illustrated in FIG. 8.

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

Description of Embodiments

[0016] Preferred embodiments of an ultrasound endoscope according to the present invention will be explained with
reference to accompanying drawings. Furthermore, the present invention is not limited to the embodiments. In the
embodiments described below, an ultrasound endoscope in which a balloon 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 present invention 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.

[0017] 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

[0018] FIG. 1 is a schematic view illustrating an ultrasound endoscope system that includes an ultrasound endoscope
according to an embodiment of the present invention. An ultrasound endoscope system 1 illustrated in FIG. 1 includes
an ultrasound endoscope 2, an endoscope observation apparatus 3, an ultrasound observation apparatus 4, a display
device 5, alight source device 6, a video cable 7 that connects the ultrasound endoscope 2 and the endoscope observation
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apparatus 3, an ultrasound cable 8 that connects the ultrasound endoscope 2 and the ultrasound observation apparatus
4, and a light source cable 9 that connects the ultrasound endoscope 2 and the light source device 6.

[0019] The ultrasound endoscope 2 is formed by combining 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 measurement function. The endoscope observation apparatus 3
controls the endoscope observation function and processes an output signal that is output from the ultrasound endoscope
2 obtained from endoscope observation. The ultrasound observation apparatus 4 controls the ultrasound measurement
function and processes an output signal that is output from the ultrasound endoscope 2 obtained from ultrasound
measurement. The display device 5 acquires signals output from, for example, the endoscope observation apparatus
3 and the ultrasound observation apparatus 4 and appropriately displays 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.

[0020] 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.

[0021] The insertion portion 10 is formed by consecutively connecting, in the order from the distal end side, a distal
end portion 10a that is provided with an ultrasound transducer 100, which will be described later; a bending portion 10b
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 connected 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.

[0022] Atreatmentinstrumentinsertion port 11a thatis 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.

[0023] Both the ultrasound endoscope 2 and the endoscope 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 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.

[0024] FIG.2is aside 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).

[0025] As illustrated in FIG. 2, the ultrasound transducer 100 is provided at the distal end portion 10a 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.

[0026] 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.

[0027] The ultrasound transducer 100 sends ultrasound into the subject and receives ultrasound (ultrasound echo)
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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.

[0028] Asillustratedin FIG. 3, a contact portion 101a 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
center to the outer circumference in each of the radial directions is referred to as a radius.

[0029] 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.

[0030] 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 101a of the distal-end-side balloon groove 101. Furthermore, the second wall portion 103 has a notch
portion 103a in a D-cut shape, the notch portion 103a 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 101a 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.

[0031] 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.

[0032] 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 circum-
ference 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.

[0033] 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 106a in a D-cut shape, the notch portion 106a having a surface 106aa 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.

[0034] 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 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.

[0035] 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 103a
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.

[0036] 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
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groove 101; therefore, the ultrasound endoscope 2 is an ultrasound endoscope in which a balloon is easily removed.
[0037] Furthermore, with the ultrasound endoscope 2, because the tool with the sharp distal end is inserted along the
surface 103aa of the notch portion 103a 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.

[0038] 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.

[0039] 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-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.
[0040] 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, itis preferable that the
radius of the surface 103aa of the notch portion 103a be smaller than the sum of the radius of the contact portion 101a
and the thickness of the distal-end-side balloon band 113.

[0041] 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 106a 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.

[0042] Furthermore, in the ultrasound endoscope 2, the surface 103aa of the notch portion 103a 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 103a 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), fluorine, 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.

First Modification

[0043] FIG. 6 is a side view illustrating the configuration of a distal end portion of an insertion portion of an ultrasound
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.

[0044] 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 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 103a in the radial direction of the
first wall portion 102A.

[0045] 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 103a 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
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transducer 100. Furthermore, the inclined surface 102Aa may also be connected to the distal-end-side balloon groove
101 by a smoothly curved surface.

[0046] Furthermore, in the ultrasound endoscope according 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.

[0047] Furthermore, in the ultrasound endoscope according 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 103aa of the notch portion 103a 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.

Second Modification

[0048] FIG. 8 is a side view illustrating the configuration of a distal end portion of an insertion portion of an ultrasound
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.

[0049] 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 direction of the
insertion portion 10 is formed on the first wall portion 102B facing the notch portion 103a 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.

[0050] In the ultrasound endoscope according to the second modification, the distal end of the tool with the sharp
distal end inserted along the surface 103aa of the notch portion 103a 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.
[0051] Furthermore, in the ultrasound endoscope according 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.
[0052] 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 103a 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.
[0053] 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.

[0054] Further advantages and modifications can be easily derived by those skilled in the art. Therefore, the invention
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 equivalents.
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ultrasound endoscope system

2 ultrasound endoscope

3 endoscope observation apparatus
4 ultrasound observation apparatus
5 display device

6 light source device

7 video cable

8 ultrasound cable

9 light source cable

10 insertion portion

10a, 10Aa, 10Ba distal end portion

10b bending portion

10c flexible tube portion

11 operating unit

11a treatment instrument insertion port
12 universal cable

13 connector portion

100 ultrasound transducer

101 distal-end-side balloon groove
101a, 104a contact portion

102, 102A, 102B, 105 the first wall portion

102Aa, 102Ba inclined surface

102Bb cylindrical portion

103, 106, 106B the second wall portion

103a, 106a notch portion

103aa, 106aa surface

104 proximal-end-side balloon groove
111 balloon

112 main body

113 distal-end-side balloon band

114 proximal-end-side balloon band

L straight line

P1, P2 point

Claims

1. An ultrasound 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 ultrasound
reflected in the subject;

aballoon groove that is provided on at least one side of a distal end side and 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 contact portion that constitutes a bottom surface of the balloon groove and that is in contact with the balloon
band;

afirst wall portion that includes a first wall surface being a surface constituting the balloon groove on a ultrasound
transducer side 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 surface is larger than a
second distance that is a distance from the center of the cross section to an outer circumference of the contact
portion; and

a second wall portion that includes a second wall surface being a surface constituting the balloon groove and
facing the first wall surface, in which a third distance that is a distance from the center of the cross section to
an outer circumference of the second wall surface 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 larger than the second distance and is smaller than a distance in a direction in which the third
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distance is the largest.

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.

The ultrasound endoscope according to claim 1 or 2, wherein the notch portion is formed on the second wall portion
of a distal end side of the balloon groove provided on the distal end side of the ultrasound transducer.

The ultrasound endoscope according to claim 3, 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.

The ultrasound endoscope according to any one of claims 1 to 4, 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.

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

The ultrasound endoscope according to claim 3, wherein, when the distal end of the insertion portion is viewed from
a distal end side of the extension direction of the insertion portion, the balloon band that is fitted into the balloon
groove can be visually recognized.
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