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(57) ABSTRACT

An ultrasound endoscope includes an insertion portion that is
inserted into a subject, an ultrasound transducer portion that is
arranged at a distal end portion of the insertion portion and
includes an ultrasound transmitting and receiving surface for
transmitting and receiving ultrasound, a first balloon groove
that is a groove formed between the insertion portion and the
ultrasound transducer portion and is for locking a balloon that
covers the ultrasound transmitting and receiving, a distal end
face that is arranged on a distal end side with respect to the
ultrasound transducer portion and is disposed spaced apart
from the ultrasound transmitting and receiving surface, and a
convex portion that is provided on the distal end face and on
which stress concentrates when a finger is slid on the distal
end face.
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ULTRASOUND ENDOSCOPE AND
ULTRASOUND BALLOON FOR ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2014/061982 filed on Apr. 30, 2014 and claims ben-
efit of Japanese Application No. 2013-172473 filed in Japan
on Aug. 22, 2013, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to an ultrasound endo-

scope and an ultrasound balloon for an endoscope and, more
particularly, to an ultrasound endoscope and an ultrasound
balloon for an endoscope in which a balloon is easily
detached from a distal end portion of an insertion portion.
[0004] 2. Description of the Related Art

[0005] Conventionally, an ultrasound endoscope has been
widely used in a medical field and the like. The ultrasound
endoscope obtains ultrasound data through transmission and
reception of ultrasound between a distal end portion of an
insertion portion and a test target and generates an ultrasound
image. A doctor or the like can diagnose the test target in a
noninvasive manner looking at the ultrasound image.

[0006] In the ultrasound endoscope, an ultrasound probe
portion for transmitting and receiving ultrasound is provided
at the distal end portion of the insertion portion. In the ultra-
sound endoscope, a balloon for interposing liquid, for
example, water, which is an ultrasound medium for transmit-
ting ultrasound, between an observation target of a subject
and the ultrasound probe portion is attached to the distal end
portion of the insertion portion. After use of the ultrasound
endoscope, the balloon is detached from the distal end portion
of the insertion portion.

[0007] Conventionally, various proposals concerning bal-
loons of ultrasound endoscopes have been made. Japanese
Patent Application Laid-Open Publication No. H07-227393
proposes a technique for, when attaching a balloon to a distal
end portion of an insertion portion of an ultrasound endo-
scope, facilitating the attachment by eliminating a part where
air escapes in a storage bag portion.

[0008] Japanese Patent Application Laid-Open Publication
No. H07-155326 proposes a balloon device for an ultrasound
probe that prevents air from being mixed in an inside when an
ultrasound transmission medium is encapsulated in a balloon
main body.

SUMMARY OF THE INVENTION

[0009] An ultrasound endoscope according to an aspect of
the present invention comprising: an ultrasound transmitting
and receiving portion that is arranged at a distal end portion of
an insertion portion, which is inserted into a subject, and
transmits and receives ultrasound; a cylindrical balloon
closed at a distal end that is arranged to cover the ultrasound
transmitting and receiving portion, includes an annular por-
tion at the distal end, and includes a distal end cover portion
that closes the annular portion; a first concave groove that is
arranged at a distal end of the ultrasound transmitting and
receiving portion and in which the annular portion is fit to
lock the balloon, the first concave groove being formed over
an entire circumference of the ultrasound transmitting and
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receiving portion; a distal end face that is provided on the
distal end side of the ultrasound transmitting and receiving
portion to form the first concave groove and covered with the
distal end cover portion; and at least one convex portion that
is in contact with an inner side surface of the distal end cover
portion to increase a frictional force between a surface of the
distal end cover portion and a finger, provided on the distal
end face to lift at least a part of the distal end cover portion,
and has a spherical crown shape.

[0010] An ultrasound balloon for an endoscope according
to an aspect of the present invention comprising: a cylindrical
storing portion that stores an ultrasound medium; a first annu-
lar portion that frames a proximal end side of the storing
portion and has a Young’s modulus larger than a Young’s
modulus of the storing portion; a second annular portion that
frames a distal end side of the storing portion and has a
Young’s modulus larger than the Young’s modulus of the
storing portion; and a convex portion that is arranged to close
at least a part of the distal end side of the storing portion and
includes a convex portion at least on an inner surface or on an
outer surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an external configuration diagram of an
ultrasound endoscope according to a first embodiment of the
present invention;

[0012] FIG. 2 is a side view of a distal end portion of the
ultrasound endoscope not attached with a balloon according
to the first embodiment of the present invention;

[0013] FIG. 3 isa perspective view of the distal end portion
of the ultrasound endoscope not attached with the balloon
according to the first embodiment of the present invention;
[0014] FIG. 4 is a side view of a distal end portion 5 show-
ing a state in which the balloon is attached to the distal end
portion 5 according to the first embodiment of the present
invention;

[0015] FIG. 5 is a diagram for explaining a state in which
fingers are placed on a balloon 21 when the balloon 21 is
detached from the distal end portion 5 according to the first
embodiment of the present invention;

[0016] FIG. 6isa diagram for explaining stress applied toa
convex portion 14 according to the first embodiment of the
present invention;

[0017] FIG. 7 is a diagram for explaining a state in which a
thumb TF moves in a direction of an arrow Al according to
the first embodiment of the present invention;

[0018] FIG. 8 is a diagram for explaining a state in which a
part of an elastic ring portion 215 is pinched by two fingers
and the balloon 21 is pulled according to the first embodiment
of the present invention;

[0019] FIG. 9isa perspective view of the distal end portion
5 of an ultrasound endoscope 1 according to a modification 1
of the first embodiment of the present invention;

[0020] FIG. 10 is a front view of the distal end portion 5 of
the ultrasound endoscope 1 according to the modification 1 of
the first embodiment of the present invention;

[0021] FIG. 11 is a perspective view of the distal end por-
tion 5 for explaining detachment of a balloon 22 in a case of
the modification 1 of the first embodiment of the present
invention;

[0022] FIG. 12 is a front view for explaining the detach-
ment of the balloon 22 in the case of the modification 1 of the
first embodiment of the present invention;
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[0023] FIG. 13 is a perspective view of the distal end por-
tion 5 of the ultrasound endoscope 1 according to a modifi-
cation 2 of the first embodiment of the present invention;
[0024] FIG. 14 is a diagram for explaining a state in which
fingers are placed on the balloon 21 when the balloon 21 is
detached from the distal end portion 5 according to the modi-
fication 2 of the first embodiment of the present invention;
[0025] FIG. 15 is a diagram for explaining a state in which
the thumb TF moves in a direction of an arrow A3 according
to the modification 2 of the first embodiment of the present
invention;

[0026] FIG. 16 is a perspective view of the distal end por-
tion 5 of the ultrasound endoscope 1 in which a groove 165 is
provided in a part of a concave portion 16 according to a
modification 3 of the first embodiment of the present inven-
tion,;

[0027] FIG.17 is a diagram for explaining a state in which
a finger is placed on the balloon 21 when the balloon 21 is
detached from the distal end portion 5 according to the modi-
fication 3 of the first embodiment of the present invention;
[0028] FIG. 181s asectional view of a balloon according to
a second embodiment of the present invention;

[0029] FIG. 19 is a partial sectional view of a distal end
cover portion 214 for explaining a state in which a surface of
the distal end cover portion 214 is pressed by the thumb TF
according to the second embodiment of the present invention;

[0030] FIG. 20 is a diagram for explaining a state in which
the thumb TF moves in a direction of an arrow A5 according
to the second embodiment of the present invention;

[0031] FIG. 21 is a diagram for explaining a state in which
a part of the elastic ring portion 215 is pinched by two fingers
and the balloon 21 is pulled according to the second embodi-
ment of the present invention;

[0032] FIG. 22 is a sectional view of a balloon 31A taken
along an axial direction of the cylindrical balloon 31A
according to a modification 1 of the second embodiment of
the present invention; and

[0033] FIG. 23 is a sectional view of a balloon 31B taken
along an axial direction of the cylindrical balloon 31B accord-
ing to the modification 1 of the second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0034] Embodiments of the present invention are explained
below with reference to the drawings.

[0035] Note thatinrespective figures used for the following
explanation, in order to show respective components in sizes
recognizable on the drawings, scales are varied for each of the
components. The present invention is not limited to only
numbers of the components, shapes of the components, ratios
of sizes of the components, relative positional relations of the
respective components shown in these figures.

First Embodiment

(Configuration)

[0036] FIG. 1 is an external configuration diagram of an
ultrasound endoscope according to a first embodiment of the
present invention. An ultrasound endoscope 1 includes an
elongated insertion portion 2, an operation portion 3 provided
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at a proximal end of the insertion portion 2, and a universal
cord 4 extending from a side portion of the operation portion
3.

[0037] The insertion portion 2 to be inserted into a subject
is configured by concatenating a distal end portion 5, a bend-
able bending portion 6, and a flexible tube portion 7 having
flexibility in order from a distal end side. In the operation
portion 3, two bending operation knobs 3@ and various but-
tons 3bare provided. A user can bend the bending portion 6 by
operating the bending operation knobs 3¢ and can instruct
freeze of an endoscope image, recording of a freeze image,
and the like by operating the various buttons 3.

[0038] A distal end of the universal cord 4 is connected to
the side portion of the operation portion 3. A scope connector
8 connected to a light source device and an ultrasound obset-
vation device not shown in the figure is provided ata proximal
end of the universal cord 4.

[0039] FIG. 2 is a side view of a distal end portion of the
ultrasound endoscope not attached with a balloon. FIG. 3 is a
perspective view of the distal end portion of the ultrasound
endoscope not attached with the balloon. At a distal end
portion 5 of the insertion portion 2, an observation window
9a, an illumination window 95, and a forceps port 9¢ are
provided. Further, as shown in FIG. 2, an ultrasound trans-
ducer portion 11 which is an ultrasound transmitting and
receiving portion is also provided on a distal end side of the
distal end portion 5. The ultrasound transducer portion 11 is
an ultrasound probe portion of an electronic radial type. The
ultrasound transducer portion 11 includes an acoustic lens
made of silicone rubber on an outer surface thereof. The
ultrasound transducer portion 11 is arranged at the distal end
portion 5 of the insertion portion 2 and configures an ultra-
sound transmitting and receiving portion including an ultra-
sound transmitting and receiving surface for transmitting and
receiving ultrasound.

[0040] Balloon grooves 12a and 12b, which are peripheral
grooves, are provided to sandwich the ultrasound transducer
portion 11. The balloon groove 124 is provided on a proximal
end side of the ultrasound transducer portion 11. The balloon
groove 125 is provided on a distal end side of the ultrasound
transducer portion 11. That is, the balloon groove 12a is a
groove formed between the insertion portion 2 and the ultra-
sound transducer portion 11 and is a first balloon locking
groove for locking a balloon 21 (FIG. 4) that covers the
ultrasound transducer portion 11. The balloon groove 12b1s a
groove formed between the ultrasound transducer portion 11,
which is an ultrasound transmitting and receiving portion,
and a distal end face Sa of the distal end portion 5 and is a
second balloon locking groove for locking the balloon 21
(FIG. 4) that covers the ultrasound transmitting and receiving.
[0041] On a distal end side of the balloon groove 124, a
water feeding/draining groove 13 for a balloon communicat-
ing with an outside is provided. In other words, the balloon
grooves 12a and 125 are balloon holding portions for holding
aballoon attached to the distal end portion 5 and are recessed
grooves formed in a circumferential direction of a columnar
distal end portion.

[0042] The distal end portion 5 of the insertion portion 2 is
arranged on the distal end side with respect to the ultrasound
transducer portion 11, which is the ultrasound transmitting
and receiving portion, and includes the distal end face 5a
disposed spaced apart from the ultrasound transmitting and
receiving surface. A convex portion 14 is provided on the
distal end face 5a of the distal end portion 5. The convex
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portion 14 is a portion projecting to the distal end side of the
distal end face 5a. As explained below, the convex portion 14
comes into contact with an inner side surface of the balloon
attached to the distal end portion 5. In plan view of the distal
end face 5a attached with the balloon 21, the distal end face 5a
has a circular shape and the convex portion 14 also has a
circular shape.

[0043] Note that, in FIG. 3, the convex portion 14 is a
spherical crown-shaped round projecting portion. However,
the convex portion 14 may be a disk-shaped projecting por-
tion. The convex portion 14 does not have a sharp portion at an
edge not to damage the balloon when the convex portion 14 is
pressed against the inner side surface of the balloon 21.
[0044] FIG. 4 is a side view of the distal end portion 5
showing a state in which the balloon is attached to the distal
end portion 5. The balloon 21 is made of an elastic member
such as stretchable rubber and has a cylindrical shape closed
at a distal end. The balloon 21 includes two elastic ring
portions 21a and 215, which are thick annular portions. The
two elastic ring portions 21a and 215 enter the two balloon
grooves 12a and 125 of the distal end portion 5 when the
balloon 21 is attached to the distal end portion 5.

[0045] When the balloon 21 is attached to the distal end
portion 5, the elastic ring portion 21a enters the balloon
groove 124 on the proximal end side of the distal end portion
5 and adheres to the balloon groove 12a with an elastic force
of the elastic ring portion 214a. Similarly, when the balloon 21
is attached to the distal end portion 5, the elastic ring portion
215 enters the balloon groove 125 on the distal end side of the
distal end portion 5 and adheres to the balloon groove 125
with an elastic force of the elastic ring portion 215.

[0046] The balloon 21 includes a balloon main body por-
tion 21¢ between the two elastic ring portions 21a and 214.
The balloon main body portion 21¢ is a thin cylindrical por-
tion. When liquid is injected into the balloon main body
portion 21c, as indicated by alternate long and two short
dashes lines in FIG. 4, the balloon main body portion 21¢
expands. That is, the balloon main body portion 21¢ config-
ures a cylindrical storing portion that stores an ultrasound
medium. The elastic ring portion 21a configures a first annu-
lar portion that frames a proximal end side of the balloon main
body portion 21¢, which is the storing portion, and has a
Young’s modulus larger than a Young’s modulus of the bal-
loon main body portion 21c. The elastic ring portion 215
configures a second annular portion that frames a distal end
side of the balloon main body portion 21¢, which is the
storing portion, and has a Young’s modulus larger than the
Young’s modulus of the balloon main body portion 21c.
[0047] The balloon 21 includes, on a distal end side of the
elastic ring portion 21a, a distal end cover portion 21d that
covers a distal end face of the distal end portion 5. The distal
end cover portion 214 is thin and bag-like. The distal end
cover portion 21d configures a film portion that closes at least
a part of the distal end side of the balloon main body portion
21¢, which is the storing portion.

[0048] In plan view of the distal end face 5a, a diameter of
the circular convex portion 14 is 20% to 80% ofa diameter of
the circular distal end face 5a. That is, in plan view of the
distal end face 5a, the convex portion 14, which is a stress
concentrating portion, has a maximum outer diameter of 20 to
80% of the diameter of the distal end face 5a. More prefer-
ably, the diameter of the convex portion 14 is 30% to 40% of
the diameter of the circular distal end face 5a. If the convex
portion 14 has the diameter of this degree, as explained below,
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stress can be concentrated on the convex portion 14 when the
user presses a finger against the convex portion 14 from above
the distal end cover portion 21d.

[0049] That is, since the convex portion 14 has such a
diameter, as explained below, when the user moves the finger
in parallel to the distal end face 5a while pushing the convex
portion 14 with the finger, stress enough for pulling the bal-
loon 21 in parallel to the distal end face 5a can be concen-
trated on the convex portion 14. Therefore, the convex portion
14 configures the stress concentrating portion that is provided
on the distal end face 5a and on which stress concentrates
when the user slides the finger on the distal end face 5a.
[0050] Note that, when the convex portion 14 is not circular
in plan view of the distal end face 54, a maximum outer
diameter of the convex portion 14 is 20% to 80% and prefer-
ably 30% to 40% of the diameter of the circular distal end face
5a. Here, one convex portion 14 is provided. However, a
plurality of the convex portions 14 may be provided.

(Action)

[0051] Next, action in detaching the balloon 21 from the
distal end portion 5 is explained.

[0052] FIG. 5 to FIG. 8 are diagrams for explaining a state
in which the balloon 21 is detached. FIG. 5 is a diagram for
explaining a state in which fingers are placed on the balloon
21 when the balloon 21 is detached from the distal end portion
5. As shown in FIG. 5, when detaching the balloon 21 from
the distal end portion 5, for example, the user moves a thumb
TF in a direction parallel to the distal end face Sa (indicated by
an arrow A1) while pushing the distal end cover portion 21d
on the convex portion 14 with a pad portion TFs of the thumb
TF. Since the finger of the user is covered with a glove, in FIG.
5, the finger is indicated by a dotted line.

[0053] When the thumb TF moves while the convex portion
14 of the distal end cover portion 214 is pushed by the pad
portion TFs of the thumb TF, a surface of the convex portion
14 is strongly pressed against an inner side surface of the
distal end cover portion 214d. Therefore, strong stress is
applied to the convex portion 14.

[0054] FIG. 6 is a diagram for explaining stress applied to
the convex portion 14. Since the thumb TF presses the distal
end cover portion 21d on the convex portion 14, in FIG. 6,
strong stress is applied to a range R1 of the convex portion 14.
Further, since the thumb TF moves in the arrow A1 direction,
in the range R1, particularly strong stress is applied to a
marginal portion R2 on an opposite side of the arrow Al
direction of the convex portion 14.

[0055] FIG. 7 is a diagram for explaining a state in which
the thumb TF moves in the direction of the arrow Al. The
distal end cover portion 214 in the range R1 is squashed by
reaction against the strong stress of the convex portion 14. A
frictional force between the surface of the distal end cover
portion 214 and a surface of the pad portion of the thumb TF
increases. Therefore, the distal end cover portion 21d is
pulled in the arrow A1 direction according to the movement of
the thumb TF.

[0056] As shown in FIG. 7, since the distal end cover por-
tion 214 is pulled in the arrow Al direction, the elastic ring
portion 215 on the arrow Al direction side comes off the
balloon groove 12b. Further, when the distal end cover por-
tion 214 is pulled in the arrow Al direction, the elastic ring
portion 215 on the opposite side of the arrow A1 direction also
comes off the balloon groove 12b.
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[0057] When the elastic ring portion 215 comes off the
balloon groove 124, a part of the elastic ring portion 215 can
be nipped and pinched by the thumb TF and an index finger TF.
[0058] FIG. 81s a diagram for explaining a state in which a
part of the elastic ring portion 215 is pinched by two fingers
and the balloon 21 is pulled. As shown in FIG. 8, when the
elastic ring portion 215 is pinched and pulled, the elastic ring
portion 21a also comes off the balloon groove 12a.

[0059] As explained above, since the convex portion 14 is
provided on the distal end face 5a of the distal end portion 5,
when the user moves the finger in parallel to the distal end
face 5a while pushing the convex portion 14 with the finger
from above the distal end cover portion 214 of the balloon 21,
a frictional force between the surface of the distal end cover
portion 214 and the thumb TF increases because of the reac-
tion of the convex portion 14 to which stress stronger than
stress applied to other portions of the distal end face 5a is
applied. Therefore, when the thumb TF is moved in the direc-
tion parallel to the distal end face Sa of the distal end portion
5, the distal end cover portion 214 is pulled by the thumb TF.
[0060] As aresult, the elastic ring portion 215 comes off the
balloon groove 12b. Subsequently, the elastic ring portion
21a also comes off the balloon groove 12¢.

[0061] Therefore, according to the present embodiment,
the user can easily detach the balloon from the distal end
portion of the insertion portion.

[0062] Next, modifications of the first embodiment are
explained.
[0063] Theultrasound endoscope 1 of the first embodiment

includes the convex portion 14 on the distal end face 5a of the
distal end portion 5 of the insertion portion 2. An ultrasound
endoscope of a first modification includes a groove 15 on the
distal end face 5a of the distal end portion 5. A balloon 22
used in the modification 1 is cylindrical and does not include
adistal end cover portion that covers the distal end face S5a of
the distal end portion 5.

[0064] FIG.9is aperspective view of the distal end portion
5 of the ultrasound endoscope 1 according to the modification
1. FIG. 10 is a front view of the distal end portion 5 of the
ultrasound endoscope 1 according to the modification 1. Note
that, here, a sectional shape of a surface of an ultrasound
transducer portion 11A taken along an axial direction the
distal end portion 5 is a convex curved surface in a center
portion.

[0065] Thegroove15havingalinear shape is formed on the
distal end face 5a of the distal end portion 5. The groove 15 is
formed from one end of the distal end face 5a of the distal end
portion 5 to the other end through a center of the circular distal
end face 5a. The distal end portion 5 has a slitting shape. That
is, the groove 15, which is a stress concentrating portion, is a
groove having a center axis on a straight line and traversing
the distal end face.

[0066] Note that, here, one groove 15 is formed. However,
a plurality of the grooves 15 may be formed.

[0067] As shown in FIG. 10, the groove 15 has depth from
the distal end face Sa up to halfway in the balloon groove 124.
Therefore, when the balloon 22 is attached to the distal end
portion 5 and an elastic ring portion 226 on the distal end side
of the balloon 22 indicated by an alternate long and two short
dashes line enters the balloon groove 125, both end portions
of the groove 15 are partially covered by a part of the elastic
ring portion 22b. That is, as shown in FIG. 10, a portion SA
indicated by hatching at an end portion of the groove 15 is
covered by the elastic ring portion 22.
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[0068] FIG. 11 is a perspective view of the distal end por-
tion 5 for explaining detachment of the balloon 22 in a case of
this modification 1. FIG. 12 is a front view for explaining the
detachment of the balloon 12 in the case of this modification
1.

[0069] In a state in which the user places the thumb TF on
the groove 15, when the user presses the pad portion TFs of
the thumb TF against the groove 15, stress concentrates on
marginal portions of the groove 15. Therefore, the pad portion
TFs of the thumb TF is deformed and a part of the pad portion
TF's enters the groove 15. That is, the marginal portions of the
groove 15 configure stress concentrating portions. When the
user slides the thumb TF on the distal end face 5a along the
axial direction of the groove 15 in that state, a portion where
the elastic ring portion 225 is exposed in the portion SA at the
end portion of the groove 15 is pushed by the pad portion TFs.
[0070] As a result, as indicated by alternate long and two
short dashes lines in FIG. 11 and FIG. 12, as the pad portion
TFs of the thumb TF moves in an arrow A2 direction, an
elastic ring portion 22a is pulled by the pad portion TFs to
extend in an outer diameter direction and is deformed such
that the elastic ring portion 22a can be pinched by the index
finger IF and the thumb TF.

[0071] Note that, in this modification 1, the balloon 22 is
cylindrical. However, the balloon 22 may be a cylindrical
body closed at a distal end like the balloon 21 explained in the
first embodiment.

[0072] Inthis case, a lower limit of width of the groove 15
in plan view of the distal end face 5« is 30% to 50% of the
diameter of the circular distal end face 5a. More preferably,
the width of the groove 15 is 30% to 40% of the diameter of
the circular distal end face 5a. An upper limit of the width of
the groove 15 is a diameter enough for edge portions to be
formed at the marginal portions of the groove 15.

[0073] Further, in the modification 1 explained above, the
finger is moved along the groove 15 to push out the elastic
ring portion 22« in the outer diameter direction. However, the
elastic ring portion 22a may be pushed out in the outer diam-
eter direction by an instrument such as tweezers.

[0074] Therefore, according to this modification 1, as in the
first embodiment, the user can easily detach the balloon from
the distal end portion of the insertion portion.

[0075] Next, a second modification is explained. An ultra-
sound endoscope of the second modification includes a con-
cave portion 16 on the distal end face 5a of the distal end
portion 5. Like the balloon 21 of the first embodiment
explained above, the balloon 21 used in this modification 2
includes the distal end cover portion 214 that covers the distal
end face 5a of the distal end portion 5.

[0076] FIG. 13 is a perspective view of the distal end por-
tion 5 of the ultrasound endoscope 1 according to the modi-
fication 2. The concave portion 16 is formed on the distal end
face 5a of the distal end portion 5. The distal end cover portion
21d of the balloon 21 is arranged to cover the concave portion
16 when the balloon 21 is attached to the distal end portion 5.
A sectional shape of the concave portion 16 taken along an
axis of the distal end portion 5 is a tapered shape or a bowl
shape.

[0077] Next, action of the modification 2 is explained. FIG.
14 is a diagram for explaining a state in which fingers are
placed on the balloon 21 when the balloon 21 is detached
from the distal end portion 5. As shown in FIG. 14, when
detaching the balloon 21 from the distal end portion 5, for
example, the user moves, that is, slides the thumb TF in the
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direction parallel to the distal end face 5a (indicated by the
arrow Al) while pushing the distal end cover portion 21d on
the concave portion 16 with the pad portion TFs of the thumb
TF. Since the finger of the user is covered by a glove, in FIG.
14, the finger is indicated by a dotted line.

[0078] When the thumb TF moves while a concave portion
16 of the distal end cover portion 214 is pushed by the pad
portion TFs of the thumb TF, a peripheral portion 16a of the
concave portion 16 is strongly pressed against an inner sur-
face of the distal end cover portion 21d. Therefore, stronger
stress is applied to the peripheral portion 164 of the concave
portion 16 than other portions of the concave portion 16.
[0079] FIG. 15 is a diagram for explaining a state in which
the thumb TF moves in a direction of an arrow A3. A frictional
force between the surface of the distal end cover portion 214
and the surface of the pad portion of the thumb TF increases
because of reaction against the strong stress of the peripheral
portion 16a of the concave portion 16. Therefore, the distal
end cover portion 214 is pulled in the arrow A3 direction
according to the movement of the thumb TF.

[0080] As shown in FIG. 15, since the distal end cover
portion 21d is pulled in the arrow A3 direction, the elastic ring
portion 215 on the arrow Al direction side comes off the
balloon groove 125. When the distal end cover portion 21d is
further pulled in the arrow A3 direction, the elastic ring por-
tion 215 on an opposite side of the arrow A3 direction also
comes off the balloon groove 125.

[0081] When the elastic ring portion 215 comes off the
balloon groove 124, a part of the elastic ring portion 215 can
be nipped and pinched by the thumb TF and the index finger
IF.

[0082] A lower limit of a diameter of the circular concave
portion 16 in plan view ofthe distal end face 5a is 20% to 50%
of the diameter of the circular distal end face 5a. That is, in
plan view of the distal end face 5q, the concave portion 16,
which is a stress concentrating portion, has a maximum outer
diameter equal to or larger than 20% of the diameter of the
distal end face 5a. More preferably, the diameter of the con-
cave portion 16 is 30% to 40% of the diameter of the circular
distal end face 5a. An upper limit of the diameter of the
concave portion 16 is a diameter enough for an edge portion
to be formed at an outer marginal portion of the concave
portion 16.

[0083] Note that, when the concave portion 16 in plan view
of the distal end face Sa is not circular, a maximum outer
diameter of the concave portion 16 is 20% to 50% and pref-
erably 30% to 40% of the diameter of the circular distal end
face 5a.

[0084] Therefore, according to this modification 2, as in the
first embodiment, the user can easily detach the balloon from
the distal end portion of the insertion portion.

[0085] Note that a groove 16b may be provided in a part of
the concave portion 16. FIG. 16 is a perspective view of the
distal end portion 5 of the ultrasound endoscope 1 according
to a modification 3 in which the groove 165 is provided in a
part of the concave portion 16.

[0086] AsshowninFIG. 16, in a part of the concave portion
16, the groove 165 extending from a center portion of the
concave portion 16 toward an outer diameter direction
orthogonal to the axial direction of the distal end portion 5 is
formed. Other components of this modification 3 are the same
as the components of the modification 2 explained above.
[0087] Next, action of this modification 3 is explained. FIG.
17 is a diagram for explaining a state in which a finger is
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placed on the balloon 21 when the balloon 21 is detached
from the distal end portion 5. As shown in FIG. 17, when
detaching the balloon 21 from the distal end portion 5, for
example, the user moves, that is, slides the thumb TF in the
direction parallel to the distal end face 5a and a direction of
the groove 164 (indicated by an arrow A4) while pushing the
distal end cover portion 21d on the concave portion 16 with
the pad portion TFs of the thumb TF.

[0088] When the thumb TF moves on the distal end face 5a
while the concave portion 16 of the distal end cover portion
214 is pushed by the pad portion TFs of the thumb TF, the
peripheral portion 164 of the concave portion 16 is strongly
pressed against the inner surface of the distal end cover por-
tion 214d. Air or liquid in the distal end cover portion 214 is
pushed out in the outer diameter direction of the distal end
portion 5 along the groove 165. As a result, as shown in FIG.
17, strong stress is applied to the peripheral portion 16a of the
concave portion 16. Therefore, the distal end cover portion
21d is pulled in the arrow A4 direction. The air or the liquid
present in the concave portion 16 is pushed out to a portion
SA1 indicated by hatching.

[0089] Thereafter, as shown in FIG. 15, a portion (the por-
tion SA1 indicated by hatching) of the distal end cover por-
tion 21d including the air or the liquid can be pinched by the
thumb TF and the index finger IF. Therefore, the distal end
cover portion 21d is pulled in the arrow A4 direction. The
elastic ring portions 21a and 215 on the arrow A4 direction
side respectively come off the balloon grooves 124 and 125.
[0090] Therefore, according to this modification 3, as in the
first embodiment, the user can easily detach the balloon from
the distal end portion of the insertion portion.

Second Embodiment

[0091] In the first embodiment, the stress concentrating
portion is provided at the distal end portion of the insertion
portion of the ultrasound endoscope. However, in a second
embodiment, a stress concentrating portion is provided in a
balloon.

(Configuration)

[0092] FIG. 18 is a sectional view of a balloon according to
the second embodiment of the present invention. A configu-
ration of an ultrasound endoscope attached with the balloon
of the present embodiment is the same as a configuration of
the ultrasound endoscope 1 of the first embodiment. There-
fore, same components are denoted by same reference numet-
als and signs and explanation of the components is omitted.

[0093] As shown in FIG. 18, a balloon 31 is made of an
elastic member such as stretchable rubber and has a cylindri-
cal shape closed at a distal end. The balloon 31 has a configu-
ration substantially the same as a configuration of the balloon
21 of the first embodiment. Therefore, same components are
denoted by same reference numerals and signs. Different
components are mainly explained.

[0094] Theballoon 31 includes the two elastic ring portions
21a and 215, which are thick annular portions. The elastic
ring portions 21a and 215 enter the two balloon grooves 12a
and 125 of the distal end portion 5 when the balloon 31 is
attached to the distal end portion 5.

[0095] When the balloon 31 is attached to the distal end
portion 5, the elastic ring portion 21a enters the balloon
groove 124 on the proximal end side of the distal end portion
5 and adheres to the balloon groove 12a with an elastic force
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of the elastic ring portion 21a. Similarly, when the balloon 21
is attached to the distal end portion 5, the elastic ring portion
215 enters the balloon groove 125 on the distal end side of the
distal end portion 5 and adheres to the balloon groove 125
with an elastic force of the elastic ring portion 215.

[0096] Theballoon 31 includes the balloon main body por-
tion 21¢ between the two elastic ring portions 21a and 214.
The balloon main body portion 21¢ is a thin cylindrical por-
tion. When liquid is injected into the balloon main body
portion 21¢, the balloon main body portion 21¢ expands. That
is, the balloon main body portion 21¢ is a cylindrical storing
portion that stores an ultrasound medium. The elastic ring
portion 21a configures a first annular portion that frames the
proximal end side of the balloon main body portion 21¢,
which s the storing portion, and has a Young’s modulus larger
than a Young’s modulus of the balloon main body portion 21c.
The elastic ring portion 215 configures a second annular
portion that frames a distal end side of the balloon main body
portion 21¢, which is the storing portion, and has a Young’s
modulus larger than the Young’s modulus of the balloon main
body portion 21c.

[0097] The balloon 31 includes, on a distal end side of the
elastic ring portion 215, the thin and bag-like distal end cover
portion 214 that covers the distal end face of the distal end
portion 5. The distal end cover portion 21d configures a film
portion that closes at least a part of the distal end side of the
balloon main body portion 21¢, which is the storing portion.
A part (here, a center portion) of the distal end cover portion
21d includes a convex portion 32 projecting to an inner sut-
face side of the balloon 31.

(Action)

[0098] When detaching the balloon 31 attached to the distal
end portion 5, a user moves, that is, slides the thumb TF in the
direction parallel to the distal end face 5@ while pushing the
distal end cover portion 21d with the thumb TF.

[0099] FIG. 19 is a partial sectional view of the distal end
cover portion 21d for explaining a state in which the surface
ofthe distal end cover portion 21d is pressed by the thumb TF.
Since the pad portion TFs of the thumb TF presses the surface
of the distal end cover portion 21d, the convex portion 32 is
compressed. Since the convex portion 32 is compressed, a
frictional force between the surface of the pad portion TFs of
the thumb TF and the surface of the distal end cover portion
21d increases. In FIG. 19, a frictional force in a range R3 is
large.

[0100] When the thumb TF moves in an arrow AS direction
while the convex portion 32 of the distal end cover portion
21d is pushed by the pad portion TFs of the thumb TF, strong
stress is applied to the convex portion 32 in the range R3
shown in FIG. 19.

[0101] FIG. 20 is a diagram for explaining a state in which
the thumb TF moves in an arrow AS direction. As shown in
FIG. 20, when detaching the balloon 31 from the distal end
portion 5, for example, the user moves, that is, slides the
thumb TF in the direction parallel to the distal end face Sa (the
arrow A5 direction) while pushing the distal end cover por-
tion 21d on the convex portion 32 with the pad portion TFs of
the thumb TF. Note that, since the finger ofthe user is covered
by a glove, in FIG. 20, the finger is indicated by a dotted line.
[0102] The convex portion 32 in the range R3 is squashed
by the thumb TF and a frictional force between the surface of
the distal end cover portion 214 and the surface of the pad
portion TFs of the thumb TF increases. Therefore, the distal
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end cover portion 21d is pulled in the arrow A5 direction
according to the movement of the thumb TF.

[0103] Therefore, as shown in FIG. 20, the distal end cover
portion 21d is pulled in the arrow A5 direction. Therefore, the
elastic ring portion 215 on the arrow AS direction side comes
off the balloon groove 125. When the distal end cover portion
214 is further pulled in the arrow AS direction, a part of the
elastic ring portion 215 can be nipped and pinched by the
thumb TF and the index finger IF.

[0104] FIG. 21 is a diagram for explaining a state in which
a part of the elastic ring portion 214 is pinched by two fingers
and the balloon 21 is pulled. As shown in FIG. 21, when the
elastic ring portion 215 is pinched and pulled, the elastic ring
portion 21a also comes off the balloon groove 12a.

[0105] As explained above, the convex portion 32 is pro-
vided on an inner side of the distal end cover portion 214 of
the balloon 31. Therefore, when the user moves the finger in
parallel to the distal end face 54 while pushing the convex
portion 32 of the distal end cover portion 21d of the balloon 31
with the finger, frictional force between the surface of the
distal end cover portion 214 and the surface of the pad portion
TFs of the thumb TF increases because of the convex portion
32. Therefore, when the thumb TF is moved in the direction
parallel to the distal end face 5a of the distal end portion 5, the
distal end cover portion 214 is also pulled by the thumb TF.

[0106] As aresult, the elastic ring portion 215 comes offthe
balloon groove 125. Subsequently, the elastic ring portion
21a also comes off the balloon groove 12a.

[0107] Note that, when the balloon 31 shown in FIG. 18 is
attached to the distal end portion 5, a shape of the distal end
face 8a of the distal end portion 5 may be, for example, a
concave portion shape shown in FIG. 13. When the distal end
face 5a has the concave portion shape, during use of the
ultrasound endoscope 1, a portion of the convex portion 32 of
the distal end cover portion 214 does not project to the distal
end side. As aresult, there is an effect that, when the insertion
portion 2 is inserted, a projection of the convex portion 32
does not obstruct an inserting motion.

[0108] Therefore, according to the present embodiment,
the user can easily detach the balloon from the distal end
portion of the insertion portion.

[0109] Next, modifications of the second embodiment are
explained.
[0110] The balloon 31 of the second embodiment includes

the convex portion 32 on the inner surface side of the distal
end cover portion 21d4. However, a balloon of a first modifi-
cation includes a convex portion 32a on an outer surface of
the distal end cover portion 21d. A balloon 31A used in this
modification 1 is different from the balloon 31 explained
above only in that the balloon 31A includes the convex por-
tion 32a on the outer surface of the distal end cover portion
21d. Other components are the same as the components of the
balloon 31.

[0111] FIG. 22 is a sectional view of the balloon 31A of the
modification 1 taken along an axial direction of the cylindri-
cal balloon 31A.

[0112] The convex portion 32a is provided on the outer
surface of the distal end cover portion 21d. However, the
action of the convex portion 324 is the same as the action of
the convex portion 32 explained above. That is, when the user
moves the finger in parallel to the distal end face 5a while
pushing the convex portion 32¢ of the distal end cover portion
21d of the balloon 31 with the finger, a frictional force
between the surface of the distal end cover portion 214 and the



US 2015/0173590 A1

surface of the pad portion TFs of the thumb TF increases
because of the convex portion 32a. Therefore, when the
thumb TF is moved in the direction parallel to the distal end
face 5a of the distal end portion 5, the distal end cover portion
21d is also pulled by the thumb TF.

[0113] As aresult, the elastic ring portion 215 comes off the
balloon groove 12b. Subsequently, the elastic ring portion
21a also comes off the balloon groove 12¢.

[0114] Therefore, according to this modification 1, as in the
second embodiment, the user can easily detach the balloon
from the distal end portion of the insertion portion.

[0115] Note that convex portions may be present both on
the outer surface and on the inner surface of the distal end
cover portion 21d.

[0116] The balloon 31 of the second embodiment includes
the convex portion 32 on the inner side of the distal end cover
portion 21d. However, a balloon of a second modification
includes a convexo-concave portion 33 on an outer surface
side surface of the distal end cover portion 21d. A balloon
31B used in this modification 2 is different from the balloon
31 explained above only in that the balloon 31B includes the
convexo-concave portion 33 on an outer side of the distal end
cover portion 21d instead of the convex portion 32. Other
components are the same as the components of the balloon
31.

[0117] FIG. 23 is a sectional view of the balloon 31B of the
modification 2 taken along an axial direction of the cylindri-
cal balloon 31B.

[0118] The convexo-concave portion 33 is provided on the
outer surface of the distal end cover portion 214. Action of the
convexo-concave portion 33 is the same as the action of the
convex portion 32 explained above. That is, when the user
moves the finger in parallel to the distal end face 5a while
pushing the convexo-concave portion 33 of the distal end
cover portion 21d of the balloon 31 with the finger, a frictional
force between the surface of the distal end cover portion 214
and the surface of the pad portion TFs of the thumb TF
increases because of the convexo-concave portion 33. There-
fore, when the thumb TF is moved in the direction parallel to
the distal end face Sa of the distal end portion 5, the distal end
cover portion 21d is also pulled by the thumb TF.

[0119] Note that the convexo-concave portion 33 may be a
rough surface including a plurality of convexo-concavities.
[0120] As aresult, the elastic ring portion 215 comes off the
balloon groove 12b. Subsequently, the elastic ring portion
21a also comes off the balloon groove 12¢.

[0121] Therefore, according to this modification 2, as in the
second embodiment, the user can easily detach the balloon
from the distal end portion of the insertion portion.

[0122] As explained above, according to the respective
embodiments and the respective modifications explained
above, it is possible to provide an ultrasound endoscope and
an ultrasound balloon for an endoscope in which a balloon is
easily detached from a distal end portion of an insertion
portion even after use of the ultrasound endoscope.

[0123] Note that, in the respective embodiments and the
respective modifications explained above, the ultrasound
transmitting and receiving portion is a radial type. However,
the ultrasound transmitting and receiving portion may be a
convex type.

[0124] The present invention is not limited to the embodi-
ments explained above. Various changes, alternations, and the
like are possible in a range in which a gist of the present
invention is not changed.
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What is claimed is:

1. An ultrasound endoscope comprising:

an ultrasound transmitting and receiving portion that is
arranged at a distal end portion of an insertion portion,
which is inserted into a subject, and transmits and
receives ultrasound;

a cylindrical balloon closed at a distal end that is arranged
to cover the ultrasound transmitting and receiving por-
tion, includes an annular portion at the distal end, and
includes a distal end cover portion that closes the annular
portion;

a first concave groove that is arranged at a distal end of the
ultrasound transmitting and receiving portion and in
which the annular portion is fit to lock the balloon, the
first concave groove being formed over an entire circum-
ference of the ultrasound transmitting and receiving por-
tion;

adistal end face that is provided on the distal end side of the
ultrasound transmitting and receiving portion to form
the first concave groove and covered with the distal end
cover portion; and

at least one convex portion that is in contact with an inner
side surface of the distal end cover portion to increase a
frictional force between a surface of the distal end cover
portion and a finger, provided on the distal end face tolift
at least a part of the distal end cover portion, and has a
spherical crown shape.

2. The ultrasound endoscope according to claim 1, wherein
the convex portion has a maximum outer diameter of 20 to
80% of a diameter of the distal end face in a plan view of the
distal end face.

3. The ultrasound endoscope according to claim 1, wherein

the balloon further includes a second annular portion on a
proximal end side, and

the ultrasound endoscope further comprises a second con-
cave groove that is arranged on a proximal end side of
the ultrasound transmitting and receiving portion and in
which the second annular portion is fit to lock the bal-
loon, the second concave groove being formed over the
entire circumference of the ultrasound transmitting and
receiving portion.

4. An ultrasound balloon for an endoscope comprising:

a cylindrical storing portion that stores an ultrasound
medium;

a firstannular portion that frames a proximal end side of the
storing portion and has a Young’s modulus larger than a
Young’s modulus of the storing portion;

a second annular portion that frames a distal end side of the
storing portion and has a Young’s modulus larger than
the Young’s modulus of the storing portion; and

a convex portion that is arranged to close at least a part of
the distal end side of the storing portion and includes a
convex portion at least on an inner surface or on an outer
surface.

5. The ultrasound balloon for the endoscope according to
claim 4 wherein the convex portion provided on the outer
surface is a part of a convexo-concave portion provided on the
outer surface.

6. The ultrasound balloon for the endoscope according to
claim 5 wherein the convexo-concave portion is a rough sur-
face including a plurality of convexo-concavities.
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