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(57) Abrégé/Abstract:

A balloon catheter (1A) comprises a catheter shaft (2), a balloon (3) and protruding parts (4A, 4B). The balloon (3) comprises an
expansion part (3B) and a distal end connecting part (3A) which extends from the distal end (30D), between the both ends of the
expansion part (3B), toward the opposite side of the expansion part (3B), in which the diameter of the end part connected to the
expansion part (3B) is larger than the diameter of the end part on the opposite side, i.e., the distal end (3D), and which is
connected to the catheter shaft (2) at the distal end (3D). The protruding parts (4A, 4B) protrude radially outward relative to the
central axis (C1) of the catheter shaft (2). The protruding part (4A) is formed at the distal end connecting part (3A). The protruding
part (4B) is formed at a proximal end extension (220) of an inner tube (22). The distal end connecting part (3A) has at least a
region, between the protruding part (4A) and the distal end (30D), having smaller protrusion than the protrusion of the protruding

part (4A).
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Abstract:

A balloon catheter (1A) comprises a catheter shaft (2), a balloon (3) and protruding parts (4A, 4B).
The balloon (3) comprises an expansion part (3B) and a distal end connecting part (3A) which
extends from the distal end (30D), between the both ends of the expansion part (3B), toward the
opposite side of the expansion part (3B), in which the diameter of the end part connected to the
expansion part (3B) is larger than the diameter of the end part on the opposite side, i.e., the distal end
(3D), and which is connected to the catheter shaft (2) at the distal end (3D). The protruding parts
(4A, 4B) protrude radially outward relative to the central axis (C1) of the catheter shaft (2). The
protruding part (4A) is formed at the distal end connecting part (3A). The protruding part (4B) is
formed at a proximal end extension (220) of an inner tube (22). The distal end connecting part (3A)
has at least a region, between the protruding part (4A) and the distal end (30D), having smaller
protrusion than the protrusion of the protruding part (4A).
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Description

Title of Invention
BALLOON CATHETER

Technical Field

[0001] The present invention relates to a balloon catheter.

Background art
[0002] Patent Literature 1 discloses a balloon catheter in which linear protruding
portions are provided on a balloon. A linear protruding portion is provided over the
entire region of a balloon in the axial direction, over a proximal end side cone region, a
straight tube region, and a distal end side cone region of the balloon. The linear

protruding portions protrude outward from the outer surface of the balloon.

Citation List

Patent Literature

[0003] Patent Literature 1: =~ WO 2020/012850A1

Summary of Invention

[0004] There is a problem in which, when a balloon is inserted into a blood vessel,
a linear protruding portion provided in a distal end side cone region may catch on the
interior wall or the like of the blood vessel, thereby reducing passability of the balloon.

[0005] The present invention aims to provide a balloon catheter that makes it
possible to achieve excellent passability of a balloon even when a protruding portion is
provided on the distal end portion of the balloon.

[0006] A balloon catheter according to the present invention includes a catheter
shaft, a balloon, and a protruding portion. The catheter shaft extends in an extending
direction between a first proximal end portion and a first distal end portion. The balloon
is connected to the catheter shaft at a position where the distance to the first distal end
portion is shorter than the distance to the first proximal end portion. The balloon includes
an inflatable portion and a distal end connecting portion. The inflatable portion has a

cylindrical shape extending in the extending direction. The distal end connecting portion
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is a portion extending to a side opposite the inflatable portion from a second distal end
portion of the inflatable portion. The second distal end portion is an end portion near the
first distal end portion of both end portions of the inflatable portion in the extending
direction. A diameter of an end portion of the distal end connecting portion connected to
the inflatable portion is larger than a diameter of a third distal end portion of the distal
end connecting portion which is an end portion on a side opposite the end portion
connected to the inflatable portion. The distal end connecting portion connects to the
catheter shaft at the third distal end portion. The protruding portion protrudes radially
outward with respect to a center axis of the catheter shaft. The protruding portion has at
least one of a first protruding portion provided on the distal end connecting portion of the
balloon, or a second protruding portion provided on a distal end extending portion which
is a portion between the third distal end portion and the first distal end portion of the
balloon in the extending direction. The distal end connecting portion includes at least a
region where a protrusion amount is smaller than a protrusion amount of the protruding
portion, between the second distal end portion and an end portion of the protruding
portion nearest to the second distal end portion.

[0007] With the balloon catheter, the size of the region where the protruding
portion is provided on the distal end connecting portion can be smaller than it can be when
the protruding portion is provided over the entire region of the distal end connecting
portion. Therefore, the balloon catheter makes it possible to achieve excellent passability
of the balloon inside the blood vessel even when the protruding portion is provided.

[0008] The balloon catheter according to the present invention, the protruding
portion may include the first protruding portion. In this case, the balloon catheter can
apply the first protruding portion to a lesion in the blood vessel through the process of
repeatedly inflating and deflating the balloon so as to dilate the lesion. In this case, the
balloon catheter can gradually advance the balloon with respect to a lesion with small
lumen, so the lesion can be effectively dilated.

[0009] The balloon catheter according to the present invention, the first
protruding portion may include a first apex, a first distal end inclined portion, and a first
proximal end inclined portion. The first apex may protrude farthest outward in the radial
direction. The first distal end inclined portion may extend toward the first apex from an
end portion on a side near the third distal end portion. The first proximal end inclined

portion may extend toward the first apex from an end portion on a side near the second
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distal end portion. An angle of the first proximal end inclined portion with respect to the
distal end connecting portion may be greater than an angle of the first distal end inclined
portion with respect to the distal end connecting portion. In this case, the balloon catheter
can suppress resistance force received from the lesion when the balloon advances.
Therefore, the balloon catheter can reduce the possibility of the balloon being pushed
back due to the resistance force received from the lesion as the balloon advances.

[0010] The balloon catheter according to the present invention, the first
protruding portion may be provided on a portion including the third distal end portion. In
this case, when the third distal end portion of the balloon catheter enters the lesion in the
blood vessel, and the balloon is repeatedly inflated and deflated in this state to dilate the
lesion, the first protruding portion of the third distal end portion can inhibit the balloon
from being pushed back in the direction opposite the advancing direction.

[0011] The balloon catheter according to the present invention, the protruding
portion may further include a third protruding portion. The third protruding portion may
provide on the inflatable portion of the balloon. An inside protruding portion may be
provided extending between the first protruding portion and the third protruding portion
and protruding inward in the radial direction from an inner surface of the distal end
connecting portion. In this case, with the balloon catheter, the rigidity of the portion of
the balloon where the inside protruding portion is provided can be made equal to the
rigidity of the portion of the balloon where the first protruding portion is provided.
Therefore, the inside protruding portion can inhibit the balloon from being pushed back
in the direction toward the center axis due to the first protruding portion receiving force
from the lesion when the balloon inflates. Note that the inside protruding portion
protrudes inward from the inside surface of the distal end continuing portion, so the
passability of the balloon can be inhibited from decreasing.

[0012] The balloon catheter according to the present invention, the first
protruding portion may have an annular shape extending in a circumferential direction
around the center axis. The balloon catheter can apply the first protruding portion to the
lesion over a wide area in the circumferential direction of the distal end connecting
portion. Therefore, the balloon catheter can inhibit the balloon from moving in the
extending direction while the first protruding portion is applied to the lesion when the

balloon inflates.
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[0013] The balloon catheter according to the present invention, the first
protruding portion may have a spiral shape extending in a circumferential direction
around the center axis. The balloon catheter can apply the first protruding portion to the
lesion over a wide area in the extending direction and the circumferential direction of the
distal end connecting portion. Therefore, the balloon catheter can inhibit the balloon from
moving in the extending direction while the first protruding portion is applied to the lesion
when the balloon inflates.

[0014] The balloon catheter according to the present invention, the distal end
connecting portion may have a plurality of inclined portions. The plurality of inclined
portions may include at least two inclined portions having different inclination angles
between the center axis and a direction extending from the second distal end portion side
toward the third distal end portion side along each inclined portion. The first protruding
portion may be provided on the inclined portion having the smallest inclination angle, of
the plurality of inclined portions. In this case, the moving direction of the first protruding
portion that moves when the balloon inflates can approach the radial direction. In this
case, the balloon catheter can appropriately apply the first protruding portion to the lesion.

[0015] The balloon catheter according to the present invention, the protruding
portion may include the second protruding portion. In this case, the balloon catheter can
apply the second protruding portion of the distal end extending portion to the lesion as
the balloon advances inside the blood vessel. In this case, the balloon catheter can
advance the balloon even inside a lesion with a small lumen. Also, the second protruding
portion of the distal end extending portion of the balloon catheter can inhibit the balloon
from being pushed back in the direction opposite the advancing direction when the
balloon is repeatedly inflated and deflated to dilate the lesion in the blood vessel.

[0016] The balloon catheter according to the present invention, the second
protruding portion may include a plurality of protrusions. The protrusion amount of each
of the plurality of protrusions may be larger closer to the third distal end portion. In this
casc, the balloon catheter can suppress the resistance force received from the lesion when
the balloon enters the lesion. Therefore, the balloon catheter can reduce the possibility
of the balloon being pushed back in the direction opposite the entering direction due to
the resistance force received from the lesion as the balloon enters the lesion.

[0017] The balloon catheter according to the present invention, the second

protruding portion may include a second apex, a second distal end inclined portion, and
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a second proximal end inclined portion. The second apex may protrude farthest outward
in the radial direction. The second distal end inclined portion may extend toward the
second apex from an end portion on a side near the first distal end portion. The second
proximal end inclined portion may extend toward the second apex from an end portion
on a side near the third distal end portion. An angle of the second proximal end inclined
portion with respect to the distal end extending portion may be greater than an angle of
the second distal end inclined portion with respect to the distal end extending portion. In
this case, the balloon catheter can reduce the possibility of the second protruding portion
catching on the blood vessel and thus being impeded from advancing when the balloon is
advanced inside the blood vessel.

[0018] The balloon catheter according to the present invention, the distal end
extending portion may include at least a region where the protrusion amount is smaller
than the protrusion amount of the protruding portion, between the first distal end portion
and an end portion nearest to the first distal end portion of the protruding portion. In this
case, with the balloon catheter, the size of the region where the protruding portion is
provided on the distal end connecting portion can be smaller than it can be when the
protruding portion is provided extending along the entire region of the distal end
connecting portion. Therefore, the balloon catheter makes it possible to achieve excellent
passability of the balloon inside the blood vessel even when the protruding portion is

provided.

Brief description of the drawings
[0019]
Fig. 1 is a view of a balloon catheter 1A from the side.
Fig. 2 is a view of the balloon catheter 1A from the distal end side.
Fig. 3A is a view illustrating a usage example of the balloon catheter 1A.
Fig. 3B is a view illustrating a usage example of the balloon catheter 1A.
Fig. 3C is a view illustrating a usage example of the balloon catheter 1A.
Fig. 3D is a view illustrating a usage example of the balloon catheter 1A.
Fig. 3E is a view illustrating a usage example of the balloon catheter 1A.
Fig. 4A is a view illustrating a usage example of the balloon catheter 1A.
Fig. 4B is a view illustrating a usage example of the balloon catheter 1A.

Fig. 4C is a view illustrating a usage example of the balloon catheter 1A.
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Fig. 4D is a view illustrating a usage example of the balloon catheter 1A.

Fig. 4E is a view illustrating a usage example of the balloon catheter 1A.

Fig. 5A is a view illustrating a usage example of the balloon catheter 1A.

Fig. 5B is a view illustrating a usage example of the balloon catheter 1A.

Fig.
Fig.
Fig.

5C is a view illustrating a usage example of the balloon catheter 1A.
5D is a view illustrating a usage example of the balloon catheter 1A.

6 is an enlarged view of an area near a distal end connecting portion 3A of a

balloon catheter 1B.

Fig.

7 is an enlarged view of an area near the distal end connecting portion 3A of

a balloon catheter 1C.

Fig.

8 is an enlarged view of an area near the distal end connecting portion 3A of

a balloon catheter 1D.

Fig.

9 is an enlarged view of an area near the distal end connecting portion 3A of

a balloon catheter 1E.

Fig.

10 is a view of a balloon catheter 1F from the side, and a sectional view of

the balloon catheter 1F taken along line A-A from the direction of the arrow.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

11 is a view of a modified example of the balloon catheter 1F.

12A is a view of a modified example of protrusions 41G and 42G.

12B is a view of the modified example of the protrusions 41G and 42G.
12C is a view of the modified example of the protrusions 41G and 42G.
13A is a view of a protrusion 46G.

13B is a view of a protrusion 47G.

13C is a view of a protrusion 48G.

14 is an enlarged view of an area near the distal end connecting portion 3A

of a balloon catheter 1G.

Fig.

15 is an enlarged sectional view of an area of the distal end connecting portion

3A of a balloon catheter 1H.

Fig.
Fig.
Fig.

16A is a sectional view of a cover tube 7B.
16B is a sectional view of a cover tube 7C.

16C is a sectional view of a cover tube 7D.

Description of Embodiments

[0020] Embodiments (balloon catheters 1A to 1H) of a balloon catheter 1

CA 03228244 2024-2-6
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according to the present invention will now be described with reference to the drawings.
The referenced drawings are used to describe technical features that can be employed in
the present invention. The described configuration and the like of the device is not
intended to be limited thereto and is merely an example for explanation purposes. The
balloon catheter 1 can dilate a stenotic lesion formed in a blood vessel by a balloon 3, or
apply protruding portions 4 (protruding portions 4A to 4E, 4G, and 41), to be described
later, to a blood vessel.

[0021] First embodiment (Balloon catheter 1A)

The balloon catheter 1A will now be described with reference to Fig. 1 to Fig. 2.
The balloon catheter 1A has a catheter shaft 2, the balloon 3, and protruding portions 4A
and 4B.

[0022] Catheter shaft 2

The catheter shaft 2 has a tubular shape. The balloon 3 is connected near an end
portion on one side of the catheter shaft 2. A hub, not shown in the drawings, is connected
to an end portion on the other side of the catheter shaft 2. The hub can supply compressed
fluid to the balloon 3 via the catheter shaft 2.

[0023] The one side from among both ends of the catheter shaft 2 will be referred
to as a distal end side. The other side from among both ends of the catheter shaft 2 will
be referred to as a proximal end side. The direction extending along the catheter shaft 2
will be referred to as an extending direction. An axis passing through the center of the
catheter shaft 2 and extending in the extending direction will be referred to as a center
axis C1. In a cross-section cut on a plane perpendicular to the center axis C1 (hereinafter,
simply referred to as a cross-section), the side near the center axis C1 in a radial direction
centered on the center axis C1 will be referred to as the an inner side, and the side away
from the center axis C1 will be referred to as an outer side.

[0024] The catheter shaft 2 has an outer tube 21 and an inner tube 22. The outer
tube 21 and the inner tube 22 are both flexible. The inside diameter of the outer tube 21
is larger than the outside diameter of the inner tube 22. Other than a predetermined
portion on the distal end side, the inner tube 22 is disposed inside the lumen of the outer
tube 21. The predetermined portion on the distal end side of the inner tube 22 protrudes
toward the distal end side from an end (hereinafter referred to as a distal end portion 211)
on the distal end side of the outer tube 21. The end (hereinafter referred to as a distal end

portion 221) on the distal end side of the inner tube 22 is disposed farther toward the distal
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end side than the distal end portion 211 of the outer tube 21. Hereinafter, the
predetermined portion on the distal end side of the inner tube 22 will be referred to as a
protruding portion 225. The end on the proximal end side of the outer tube 21 will be
referred to as a proximal end portion 212, The end on the proximal end side of the inner
tube 22 will be referred to as a proximal end portion 222. The hub is connected to at least
the proximal end portion 212 of the outer tube 21. The material of the outer tube 21 and
the inner tube 22 is not particularly limited; a polyamide resin may be used as an example.

[0025] The compressed fluid supplied from the hub flows through a space of the
lumen of the outer tube 21 other than the lumen of the inner tube 22. A guide wire that is
not shown in the drawings is inserted through the lumen of the inner tube 22.

[0026] Balloon 3

The balloon 3 can change shape between a deflated state and an inflated state, as
a result of a change in internal pressure according to whether the compressed fluid is
supplied from the hub not shown in the drawings. Fig. 1 shows the balloon 3 in the
inflated state.

[0027] An end (hereinafter referred to as a distal end portion 3D) on the distal end
side of the balloon 3 is connected by thermal welding to a portion farther toward the
proximal end side than the distal end portion 221 of the protruding portion 225 of the
inner tube 22. Hereinafter, the portion of the protruding portion 225 of the inner tube 22
that is between the portion where the distal end portion 3D of the balloon 3 is connected
and the distal end portion 221 will be referred to as a distal end extending portion 220.
Also, the end portion (hereinafter, referred to as a proximal end portion 3P) on the
proximal end side of the balloon 3 is connected by thermal welding to near the distal end
portion 211 of the outer tube 21. The distance between the distal end portion 3D of the
balloon 3 and the distal end portion 221 of the inner tube 22 is shorter than the distance
between the proximal end portion 3P of the balloon 3 and the proximal end portion 222
of the inner tube 22. The balloon 3 covers the protruding portion 225 of the inner tube
22 from the outside. The material of the balloon 3 is not particularly limited; a polyamide
resin may be used as an example.

[0028] A distal end connecting portion 3A, an inflatable portion 3B, and a
proximal end connecting portion 3C are defined in the balloon 3. The distal end
connecting portion 3A is a region extending from the distal end portion 3D toward the

proximal end portion 3P of the balloon 3 in the inflated state while increasing in diameter.
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The proximal end connecting portion 3C is a region extending from the proximal end
portion 3P toward the distal end portion 3D of the balloon 3 in the inflated state while
increasing in diameter. The inflatable portion 3B is a region sandwiched between the
distal end connecting portion 3A and the proximal end connecting portion 3C of the
balloon 3 in the inflated state, which has substantially the same diameter in the extending
direction. The inflatable portion 3B has a tubular shape that extends in the extending
direction in the inflated state. The side nearer to the distal end portion 221 of the inner
tube 22 of the catheter shaft 2, i.e., the end portion on the distal end side, of the inflatable
portion 3B will be referred to as a distal end portion 30D. The side nearer to the proximal
end portion 222 of the inner tube 22 of the catheter shaft 2, i.e., the end portion on the
proximal end side, of the inflatable portion 3B will be referred to as a proximal end
portion 30P.

[0029] The distal end connecting portion 3A extends to the distal end side from
the end portion that connects with the distal end portion 30D of the inflatable portion 3B
toward the distal end portion 3D. The diameter of a cross-section of the distal end
connecting portion 3A is largest at the end portion that is connected to the distal end
portion 30D of the inflatable portion 3B, and smallest at the distal end portion 3D. The
proximal end connecting portion 3C extends to the proximal end side from the end portion
that is connected to the proximal end portion 30P of the inflatable portion 3B toward the
proximal end portion 3P. The diameter of a cross-section of the proximal end connecting
portion 3C is largest at the end portion that is connected to the proximal end portion 30P
of the inflatable portion 3B, and smallest at the proximal end portion 3P.

[0030] Protruding portion 4A

The protruding portion 4A is provided on the outer surface of the distal end
connecting portion 3A of the balloon 3 and protrudes outward. The protruding portion
4A has protrusions 41A and 42A. The protrusions 41A and 42A face one another across
the center axis C1. The protrusions 41A and 42A each have a conical shape. Of the
protrusions 41A and 42A, an apex 410 of each protrusion 41A and 42A protrudes farthest
outward. The bottom portions of the protrusions 41A and 42A are connected to the outer
surface of the distal end connecting portion 3A of the balloon 3. The protrusions 41 A and
41B have the same shape. The shortest distance between the bottom surfaces of the 41 A
and 41B and the apex 410 corresponds to the protrusion amount of the protruding portion
4A. Hereinafter, the shape of the protruding portion 4A will be described using the
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protrusion 41A as an example.

[0031] The portion of the bottom portion of the protrusion 41 A that is nearest to
the distal end portion 3D of the distal end connecting portion 3A will be referred to as a
distal end portion 415. The portion of the side surface of the protrusion 41A that
corresponds to a generating line that connects the apex 410 to the distal end portion 415
will be referred to as a distal end inclined portion 411. The distal end inclined portion
411 extends along the side surface of the protrusion 41 A from the distal end portion 415
toward the apex 410. The portion of the bottom portion of the protrusion 41A that is
nearest to the distal end portion 30D of the inflatable portion 3B will be referred to as a
proximal end portion 416. The portion of the side surface of the protrusion 41A that
corresponds to a generating line that connects the apex 410 to the proximal end portion
416 will be referred to as a proximal end inclined portion 412. The proximal end inclined
portion 412 extends along the side surface of the protrusion 41A from the proximal end
portion 416 toward the apex 410. In this case, the angle 012 of the proximal end inclined
portion 412 with respect to the distal end connecting portion 3A is greater than the angle
011 of the distal end inclined portion 411 with respect to the distal end connecting portion
3A (i.e., 011 < 012).

[0032] The proximal end portions 416 of the protrusions 41A and 42 A are spaced
apart from the distal end portion 30D of the inflatable portion 3B of the balloon 3 toward
the distal end side. Therefore, the distal end connecting portion 3A of the balloon 3
includes a region W1 where the protruding portion 4A is not provided, between the
proximal end portion 416 of the protruding portion 4A and the portion where the distal
end portion 30D of the inflatable portion 3B connects in the extending direction. The
distal end portion 415 of each of the protrusions 41A and 42A is spaced apart from the
distal end portion 3D of the distal end connecting portion 3A of the balloon 3 toward the
proximal end side. Therefore, the distal end connecting portion 3A of the balloon 3
includes a region W2 where the protruding portion 4A is not provided, between the distal
end portion 415 of the protruding portion 4A and the distal end portion 3D in the
extending direction.

[0033] Protruding portion 4B

The protruding portion 4B is provided on the outer surface of the distal end
extending portion 220 of the inner tube 22 and protrudes outward. The protruding portion
4B has protrusions 41B and 42B. The protrusions 41B and 42B face one another across

10
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the center axis C1. The protrusions 41B and 42B each have a conical shape. An apex
420 of each protrusion 41B and 42B protrudes farthest outward of the protrusions 41B
and 42B. The bottom portions of the protrusions 41B and 42B are connected to the outer
surface of the distal end extending portion 220. The protrusions 41B and 42B have the
same shape. The protrusion amount of the protruding portion 4B is smaller than the
protrusion amount of the protruding portion 4A. Hereinafter, the shape of the protruding
portion 4B will be described using the protrusion 41B as an example.

[0034] The portion of the bottom portion of the protrusion 41B that is nearest to
the distal end portion 221 of the inner tube 22 will be referred to as a distal end portion
425. The portion of the side surface of the protrusion 41B that corresponds to a generating
line that connects the apex 420 to the distal end portion 425 will be referred to as a distal
end inclined portion 421. The distal end inclined portion 421 extends along the side
surface of the protrusion 41B from the distal end portion 425 toward the apex 420. The
portion of the bottom portion of the protrusion 41B that is nearest to the distal end portion
3D of the distal end connecting portion 3A of the balloon 3 will be referred to as a
proximal end portion 426. The portion of the side surface of the protrusion 41B that
corresponds to a generating line that connects the apex 420 to the proximal end portion
426 will be referred to as a proximal end inclined portion 422. The proximal end inclined
portion 422 extends along the side surface of the protrusion 41B from the proximal end
portion 426 toward the apex 420. In this case, the angle 622 of the proximal end inclined
portion 422 with respect to the distal end extending portion 220 is greater than the angle
021 of the distal end inclined portion 421 with respect to the distal end extending portion
220 (i.e., 621 < 022).

[0035] The proximal end portions 426 of the protrusions 41B and 42B are spaced
apart from the distal end portion 3D of the distal end connecting portion 3A of the balloon
3 toward the distal end side. Therefore, the distal end extending portion 220 of the inner
tube 22 includes a region W3 where the protruding portion 4B is not provided, between
the proximal end portion 426 of the protruding portion 4B and the portion where the distal
end portion 3D of the distal end connecting portion 3A of the balloon 3 connects in the
extending direction. The distal end portion 425 of each of the protrusions 41B and 42B
is spaced apart from the distal end portion 221 of the inner tube 22 toward the proximal
end side. Therefore, the distal end extending portion 220 of the inner tube 22 includes a
region W4 where the protruding portion 4B is not provided, between the distal end portion

11
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425 of the protruding portion 4B and the distal end portion 221 in the extending direction.

[0036] Example of use

An example of use of the balloon catheter 1A will now be described. A case in
which the balloon catheter 1A is used to dilate a stenotic lesion 90A that has occurred at
a portion of the interior wall of a blood vessel 9 will be illustrated. The lumen of the
stenotic lesion 90A is extremely small, and the diameter of the lumen is smaller than the
diameter of the balloon 3 in the deflated state.

[0037] A guide wire G is inserted through the blood vessel 9. The balloon catheter
1A is prepared with the balloon 3 in the deflated state. As shown in Fig. 3A, a portion of
the balloon catheter 1A that includes at least the balloon 3 is placed within the blood
vessel 9. The guide wire G is inserted through the inner tube 22 of the balloon catheter
1A.

[0038] Next, the balloon catheter 1A is pushed into the blood vessel 9 along the
guide wire G by operating the proximal end of the balloon catheter 1A. The balloon
catheter 1A moves distally inside the blood vessel 9 toward the stenotic lesion 90A with
the balloon 3 placed at the front in the moving direction. The distal end connecting
portion 3 A of the balloon 3 reaches the area near the proximal end portion of the stenotic
lesion 90A. As shown in Fig. 3B, only a portion on the distal end side of the distal end
connecting portion 3A enters the proximal end portion of the lumen of the stenotic lesion
90A. Then, movement of the balloon catheter 1A toward the distal side is stopped.

[0039] Next, the compressed fluid starts to be supplied to the balloon 3 so that the
balloon 3 comes to be in the inflated state, as shown in Fig. 3C. The protruding portion
4A provided on the distal end connecting portion 3A digs into the interior wall of the
stenotic lesion 90A. The balloon 3 dilates the area near the proximal end portion of the
lumen of the stenotic lesion 90A with the distal end connecting portion 3A. Note that
because the distal end connecting portion 3A increases in diameter toward the proximal
side, a force in the proximal direction acts on the balloon 3 from the stenotic lesion 90A
as the balloon 3 changes to the inflated state. However, because the protruding portion
4A digs into the stenotic lesion 90A, movement of the balloon 3 toward the proximal side
is suppressed. Furthermore, the balloon 3 is inhibited from being pushed back toward the
proximal side because the protruding portion 4B catches on the lumen of the stenotic
lesion 90A.

[0040] Next, the supplied compressed fluid is removed so that the balloon 3
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comes to be in the deflated state, as shown in Fig. 3D. Next, the balloon catheter 1A
moves distally by the proximal end being operated as shown in Fig. 3E. The distal end
connecting portion 3A of the balloon 3 enters deeper into the lumen from the dilated
proximal end portion of the stenotic lesion 90A. Then, movement of the balloon catheter
1A is stopped.

[0041] Next, the compressed fluid starts to be supplied into the balloon 3 so that
the balloon 3 comes to be in the inflated state, as shown in Fig. 4A. The protruding
portion 4A provided on the distal end connecting portion 3A digs into the interior wall of
the stenotic lesion 90A. The balloon 3 dilates a portion of the stenotic lesion 90A distal
to the portion dilated in Figs. 3C and 3D using the distal end connecting portion 3A. Also,
the balloon 3 dilates the portion of the stenotic lesion 90A dilated in Figs. 3C and 3D with
the inflatable portion 3B. As a result, an even wider portion of the lumen of the stenotic
lesion 90A is dilated by the balloon 3. Note that the protruding portion 4A digs into the
stenotic lesion 90A and the protruding portion 4B catches on the lumen of the stenotic
lesion 90A. Therefore, movement of the balloon 3 toward the proximal side is inhibited
even if force toward the proximal side acts on the balloon 3 in response to the balloon 3
changing to the inflated state.

[0042] Next, the supplied compressed fluid is removed from the balloon 3 so that
the balloon 3 comes to be in the deflated state, as shown in Fig. 4B.

[0043] The same procedure as described above is repeatedly executed (Fig. 4C,
Fig. 4D, Fig. 4E). Consequently, the balloon 3 of the balloon catheter 1A gradually moves
toward the distal side through the lumen of the stenotic lesion 90A. The lumen of the
stenotic lesion 90A gradually becomes larger from the area near the proximal end portion
toward the distal side, as shown in Fig. 5A, Fig. 5B, and Fig. 5C. Finally, the lumen of
the stenotic lesion 90A is dilated over the entire area by the balloon 3, as shown in Fig.
5D.

[0044] Then, the proximal end portion of the balloon catheter 1A is operated so
that the balloon catheter 1A moves proximally. The procedure is completed by the
balloon catheter 1A being pulled out from the blood vessel 9.

[0045] Operations and effects of first embodiment

The balloon catheter 1A can dilate the stenotic lesion 90A having a small lumen
by gradually advancing the balloon 3 distally while repeatedly changing the balloon 3
between the inflated state and the deflated state. Here, the balloon catheter 1A is provided
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with the protruding portion 4A on the distal end connecting portion 3A of the balloon 3,
and the protruding portion 4B on the distal end extending portion 220 of the inner tube
22. The protruding portions 4A and 4B inhibit the balloon 3 from moving proximally
even if force toward the proximal side is received from the stenotic lesion 90A when the
balloon 3 inflates. Therefore, the balloon catheter 1A can suitably dilate even the stenotic
lesion 90A having a small lumen by performing an operation that gradually moves the
balloon 3 distally while repeatedly changing the balloon 3 between the inflated state and
the deflated state.

[0046] The distal end connecting portion 3A of the balloon 3 includes the regions
W1 and W2 where the protruding portion 4A is not provided. Therefore, the size of the
region of the distal end connecting portion 3A where the protruding portion 4A is
provided is smaller than it is when the protruding portion 4A is provided across the entire
region in the extending direction of the distal end connecting portion 3A. Also, the distal
end extending portion 220 of the inner tube 22 includes the regions W3 and W4 where
the protruding portion 4B is not provided. Therefore, the size of the region of the distal
end extending portion 220 where the protruding portion 4B is provided is smaller than it
is when the protruding portion 4B is provided across the entire region in the extending
direction of the distal end extending portion 220. Therefore, the balloon catheter 1A
makes it possible to achieve excellent passablity of the balloon 3 through the blood vessel
9 compared to when the protruding portions 4A and 4B are provided along the entire
region of the distal end connecting portion 3A and the distal end extending portion 220.

[0047] The balloon catheter 1A enables the protruding portion 4A provided on the
distal end connecting portion 3 A of the balloon 3 to dig into the stenotic lesion 90A in the
process of repeatedly inflating and deflating the balloon 3 to dilate the stenotic lesion 90A
in the blood vessel 9. In this case, the balloon 3 can be inhibited from moving backward
proximally even if the balloon 3 receives proximal force from the stenotic lesion 90A
when the balloon 3 is inflating. Therefore, because the balloon catheter 1A can inflate
the balloon 3 while gradually advancing the balloon 3 with respect to the stenotic lesion
90A having a small lumen, the balloon catheter 1A is able to efficiently dilate the stenotic
lesion 90A having a small lumen.

[0048] With the protruding portion 4A, the angle 012 of the proximal end inclined
portion 412 with respect to the distal end connecting portion 3A is greater than the angle
011 of the distal end inclined portion 411 with respect to the distal end connecting portion
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3A. In this case, the resistance force that the protruding portion 4A receives from the
stenotic lesion 90A when the balloon 3 enters the lumen of the stenotic lesion 90A can be
suppressed. Therefore, the balloon catheter 1A can reduce the possibility of the balloon
3 being pushed back proximally by the resistance force from the stenotic lesion 90A
during the process of the balloon 3 entering the stenotic lesion 90A.

[0049] The protruding portion 4B provided on the distal end extending portion
220 of the balloon 3 catches on the stenotic lesion 90A when the balloon 3 moves in the
direction opposite the entering direction inside the blood vessel 9. Therefore, with the
balloon catheter 1A, the protruding portion 4B of the distal end extending portion 220
can inhibit the balloon 3 from being pushed back proximally when repeatedly inflating
and deflating the balloon 3 to dilate the stenotic lesion 90A inside the blood vessel 9.

[0050] With the protruding portion 4B, the angle 022 of the proximal end inclined
portion 422 with respect to the distal end extending portion 220 is greater than the angle
021 of the distal end inclined portion 421 with respect to the distal end extending portion
220. In this case, the balloon catheter 1A can reduce the possibility of the protruding
portion 4B catching on the blood vessel 9 and thus being impeded from advancing when
the balloon 3 is advanced inside the blood vessel 9.

[0051] Special notes relating to first embodiment

The shape, number, and arrangement of the protrusions of the protruding portions
4A and 4B arc not limited to those in the foregoing embodiment. For example, the
number of protrusions of the protruding portions 4A and 4B may be one or three or more.
Also, if the number of protrusions is three or more, the three or more protrusions may be
arranged in the circumferential direction around the center axis C1. The shape of the
protrusions of the protruding portions 4A and 4B may be a pyramid, a truncated cone, a
truncated pyramid, etc., or a prism. Note that if the shape of the protrusions 41 A and 42A
of the protruding portion 4A is a triangular prism, one of the side surfaces may connect
to the distal end connecting portion 3A of the balloon 3, and the remaining two side
surfaces may form the distal end inclined portion 411 and the proximal end inclined
portion 412, and the intersection of the remaining two side surfaces may form the apex
410. Similarly, if the shape of the protrusions 41B and 42B of the protruding portion 4B
is a triangular prism, one of the side surfaces may connect to the distal end extending
portion 220 of the inner tube 22, and the remaining two side surfaces may form the distal

end inclined portion 421 and the proximal end inclined portion 422, and the intersection
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of the remaining two side surfaces may form the apex 420.

[0052] The plurality of protrusions of the protruding portion 4A may be arranged
in the extending direction along the distal end connecting portion 3A of the balloon 3.
For example, the plurality of protrusions may be arranged along each of a plurality of
virtual lines extending in the radial direction from the center axis C1 when the balloon 3
is viewed from the distal end side. At this time, the protrusion amount of each of the
plurality of protrusions need not be the same. For example, the protrusion amount of each
of the plurality of protrusions may be defined according to the distance from the center
axis Cl1.

[0053] A first connecting portion that connects the protrusions 41A and 41B may
be provided. A second connecting portion that connects the protrusions 42A and 42B
may be provided. The first connecting portion and the second connecting portion may
protrude outward from the outer surface of the distal end connecting portion 3A of the
balloon 3 and the outer surface of the distal end extending portion 220 of the inner tube
22, respectively. That is, the protrusions 41 A and 41B and the protrusions 42A and 42B
may each be integrated to form a single protrusion.

[0054] The position in the extending direction of the proximal end portion 416 of
each of the protrusions 41A and 42A of the protruding portion 4A may coincide with the
portion of the distal end connecting portion 3A that connects with the distal end portion
30D of the inflatable portion 3B. Alternatively, the position in the extending direction of
the distal end portion 415 of each of the protrusions 41 A and 42A of the protruding portion
4A may coincide with the distal end portion 3D of the distal end connecting portion 3A.

[0055] The protrusions 41B and 42B of the protruding portion 4B may each be
provided from the distal end portion 221 of the inner tube 22 of the distal end extending
portion 220 to the portion of the distal end extending portion 220 where the distal end
portion 3D of the distal end connecting portion 3A is connected. The position of the distal
end portion 425 of each of the protrusions 41B and 42B may coincide with the position
of the distal end portion 221 of the inner tube 22. The proximal end portion 426 of each
of the protrusions 41B and 42B may coincide with the position of the distal end portion
3D of the distal end connecting portion 3A. That is, the protruding portion 4B may be
provided over the entire area in the extending direction on the distal end extending portion
220 of the inner tube 22. In this case, the regions W3 and W4 where the protruding

portion 4B is not provided in the extending direction of the distal end extending portion
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220 of the inner tube 22 need not be provided.

[0056] The balloon catheter 1A may have only one of the protrusions 4A or 4B.
For example, the balloon catheter 1A may only have the protruding portion 4A and not
have the protruding portion 4B. Alternatively, the balloon catheter 1A may only have the
protruding portion 4B and not have the protruding portion 4A.

[0057] In the protruding portion 4A, the angle 811 of the distal end inclined
portion 411 with respect to the distal end connecting portion 3A and the angle 612 of the
proximal end inclined portion 412 with respect to the distal end connecting portion 3A
may be the same, or the angle 811 may be greater than the angle 611. One of the angle
011 or the angle 612 may be orthogonal to the distal end connecting portion 3A. In the
protruding portion 4B, the angle 021 of the distal end inclined portion 421 with respect
to the distal end extending portion 220 and the angle 022 of the proximal end inclined
portion 422 with respect to the distal end extending portion 220 may be the same, or the
angle 621 may be greater than the angle 622. One of the angle 621 or the angle 622 may
be orthogonal to the distal end extending portion 220.

[0058] A first protruding portion having a protrusion amount smaller than the
protrusion amount of the protruding portion 4A may be provided in the regions W1 and
W2 of the distal end connecting portion 3A of the balloon 3. Also, a second protruding
portion having a protrusion amount smaller than the protrusion amount of the protruding
portion 4B may be provided in the regions W3 and W4 of the distal end extending portion
220. The ratio of the protrusion amount of the first protruding portion to the protrusion
amount of the protruding portion 4A, and the ratio of the protrusion amount of the second
protruding portion to the protrusion amount of the protruding portion 4B are not
particularly limited, and may be, for example, 50% or less, and more preferably, 10% or
less.

[0059] When the balloon catheter 1A only has the protruding portion 4B and the
first protruding portion is provided, the first protruding portion may be provided on the
entire region between the distal end portion 3D and the portion of the distal end
connecting portion 3A of the balloon 3 where the distal end portion 30D of the inflatable
portion 3B is connected. Also, the protrusion amount of the first protruding portion may
be less than the protrusion amount of the protruding portion 4B.

[0060] When the balloon catheter 1A only has the protruding portion 4A and the

second protruding portion is provided, the second protruding portion may be provided on
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the entire region between the distal end portion 221 and the portion of the distal end
extending portion 220 where the distal end portion 3D of the balloon 3 is connected. Also,
the protrusion amount of the second protruding portion may be less than the protrusion
amount of the protruding portion 4A.

[0061] Second embodiment (Balloon catheter 1B)

The balloon catheter 1B will now be described with reference to Fig. 6. The
balloon catheter 1B differs from the balloon catheter 1A in that it does not have the
protruding portion 4B, and has a protruding portion 4C instead of the protruding portion
4A. Hereinafter, a description of the structure of the balloon catheter 1B that is the same
as that of the balloon catheter 1A will be omitted.

[0062] The protruding portion 4C has protrusions 41C and 42C that have the same
shape as the protrusions 41 A and 41B of the protruding portion 4A. The protrusions 41C
and 42C are provided on a portion of the outer surface of the distal end connecting portion
3A of the balloon 3 that includes the distal end portion 3D. In this case, a portion on the
distal end side of each of the protrusions 41C and 42C is provided on the outer surface of
the distal end extending portion 220 of the inner tube 22, and a portion on the proximal
end side of each of the protrusions 41C and 42C is provided on the outer surface of the
distal end connecting portion 3A of the balloon 3. Also, the distal end portion 415 of each
of the protrusions 41C and 42C is positioned on the distal end side of the distal end portion
3D of the distal end connecting portion 3A of the balloon 3, and the proximal end portion
416 of each of the protrusions 41C and 42C is positioned on the proximal end side of the
distal end portion 3D of the distal end connecting portion 3A of the balloon 3.

[0063] Operations and effects of second embodiment

With the balloon catheter 1B, the balloon 3 inflates to dilate the stenotic lesion
90A when the distal end portion 3D of the balloon 3 has entered the stenotic lesion 90A
in the blood vessel 9. In this case, the protruding portion 4C can inhibit the balloon 3
from being pushed back in the direction opposite the advancing direction even if the
region where the balloon catheter 1B enters the stenotic lesion 90A is extremely small.
Therefore, even if the stenotic lesion 90A is hard and it is difficult to get the distal end
connecting portion 3A of the balloon 3 in the deflated state to enter the lumen, the balloon
catheter 1B can dilate the stenotic lesion 90A by repeatedly inflating and deflating the
balloon 3.

[0064] Special notes relating to second embodiment
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In addition to the protruding portion 4C, the protruding portion 4A according to
the first embodiment may also be provided on the distal end connecting portion 3A. Also,
in addition to the protruding portion 4C, the protruding portion 4B according to the first
embodiment may also be provided on the distal end extending portion 220.

[0065] Third embodiment (Balloon catheter 1C)

The balloon catheter 1C will now be described with reference to Fig. 7. The
balloon catheter 1C differs from the balloon catheter 1A in that it does not have the
protruding portion 4B, and has a protruding portion 4D instead of the protruding portion
4A. Hereinafter, a description of the structure of the balloon catheter 1C that is the same
as that of the balloon catheter 1A will be omitted.

[0066] The protruding portion 4D has protrusions 41D, 42D, and 43D. The
protrusions 41D to 43D are provided on the outer surface of the distal end connecting
portion 3 A of the balloon 3 and protrude outward. The protrusions 41D to 43D each have
an annular shape that extends in the circumferential direction around the center axis C1.
The protrusions 41D, 42D, and 43D are arranged in that order toward the distal end side.
The diameter of each of the protrusions 41D, 42D, and 43D about the center axis Cl
gradually becomes smaller in the order of the protrusions 41D, 42D, and 43D.

[0067] The protrusions 41D to 43D each have a planar-shaped distal end inclined
portion 431 and a planar-shaped proximal end inclined portion 432 that extend outward
from the outer surface of the distal end connecting portion 3A. Hereinafter, the protrusion
42D will be described as an example.

[0068] The portion near the distal end portion 3D of the distal end connecting
portion 3A, of the portion of the protrusion 42D that is connected to the distal end
connecting portion 3A, will be referred to as a distal end portion 435. The distal end
inclined portion 431 extends inclined with respect to the radial direction from the distal
end portion 435 toward the proximal end side. The portion near the distal end portion
30D of the inflatable portion 3B, of the portion of the protrusion 42D that is connected to
the distal end connecting portion 3A will be referred to as a proximal end portion 436.
The proximal end inclined portion 432 extends inclined with respect to the radial direction
from the proximal end portion 436 toward the distal end side. The end portion of the
distal end inclined portion 431 on the side opposite the distal end portion 435 and the end
portion of the proximal end inclined portion 432 on the side opposite the proximal end

portion 436 are connected at an apex 430. The angle 032 of the proximal end inclined
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portion 432 with respect to the distal end connecting portion 3A is greater than the angle
031 ofthe distal end inclined portion 431 with respect to the distal end connecting portion
3A.

[0069] Operations and effects of third embodiment

With the balloon catheter 1C, the protruding portion 4D is able to dig into the
stenotic lesion 90A over a wide area in the circumferential direction at the distal end
connecting portion 3A. Therefore, with the balloon catheter 1C, the protruding portion
4D can inhibit the balloon 3 from moving in the direction opposite the direction of entry
into the stenotic lesion 90A when the balloon 3 inflates.

[0070] Special notes relating to third embodiment

The number and shape of the protrusions of the protruding portion 4D are not
limited to those of the foregoing embodiment. For example, the apex 430 of each of the
protrusions 41D to 43D may be curved outward in a protruding shape. An annular
protruding portion extending in the circumferential direction around the center axis C1
may also be provided on the distal end extending portion 220 of the inner tube 22. The
connecting portion that connects the protrusions 41D to 43D may extend in the extending
direction along the outer surface of the distal end connecting portion 3A.

[0071] Fourth embodiment (Balloon catheter 1D)

The balloon catheter 1D will now be described with reference to Fig. 8. The
balloon catheter 1D differs from the balloon catheter 1C in that it has a protruding portion
4E instead of the protruding portion 4D. Hereinafter, a description of the structure of the
balloon catheter 1D that is the same as that of the balloon catheter 1C will be omitted.

[0072] The protruding portion 4E is provided on the outer surface of the distal
end connecting portion 3A of the balloon 3 and protrudes outward. The protruding
portion 4E has a spiral shape that extends in the circumferential direction around the
center axis C1. An end portion 447 on the proximal end side of the protruding portion 4E
is positioned near the distal end side with respect to the distal end portion 30D of the
inflatable portion 3B of the balloon 3. An end portion 448 on the distal end side of the
protruding portion 4E is positioned near the proximal end side with respect to the distal
end portion 3D of the distal end connecting portion 3A.

[0073] The portion near the distal end portion 3D of the distal end connecting
portion 3A, of the portion of the protruding portion 4E that is connected to the distal end
connecting portion 3 A will be referred to as a distal end portion 445. The planar-shaped
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portion extending inclined with respect to the radial direction from the distal end portion
445 toward the proximal end side will be referred to as a distal end inclined portion 441.
The portion near the distal end portion 30D of the inflatable portion 3B, of the portion of
the protruding portion 4E that is connected to the distal end connecting portion 3A will
be referred to as a proximal end portion 446. The planar-shaped portion extending
inclined with respect to the radial direction from the proximal end portion 446 toward the
distal end side will be referred to as a proximal end inclined portion 442. The end portion
of the distal end inclined portion 441 on the side opposite the distal end portion 445 and
the end portion of the proximal end inclined portion 442 on the side opposite the proximal
end portion 446 are connected at an apex 440. The angle 642 of the proximal end inclined
portion 442 with respect to the distal end connecting portion 3A is greater than the angle
041 ofthe distal end inclined portion 441 with respect to the distal end connecting portion
3A.

[0074] Operations and effects of fourth embodiment

The balloon catheter 1D can apply the protruding portion 4E to the stenotic lesion
90A over a wide area in the extending direction and the circumferential direction of the
distal end connecting portion 3A. Therefore, with the balloon catheter 1D, the protruding
portion 4E can inhibit the balloon 3 from moving in the direction opposite the direction
of entry into the stenotic lesion 90A when the balloon 3 inflates.

[0075] Special notes relating to fourth embodiment

The shape of the protruding portion 4E is not limited to that of the foregoing
embodiment. For example, the apex 440 of the protruding portion 4E may be curved
outward in a protruding shape. A spiral-shaped protruding portion that extends in the
circumferential direction around the center axis C1 may also be provided on the distal
end extending portion 220 of the inner tube 22.

[0076] Fifth embodiment (Balloon catheter 1E)

The balloon catheter 1E will now be described with reference to Fig. 9. The
balloon catheter 1E differs from the balloon catheter 1A in that the protruding portion 4B
is not provided on the distal end extending portion 220. Also, the shape of the distal end
connecting portion 3A of the balloon 3 differs from that of the balloon catheter 1A.
Hereinafter, a description of the structure of the balloon catheter 1E that is the same as
that of the balloon catheter 1A will be omitted.

[0077] The distal end connecting portion 3A of the balloon 3 has inclined portions
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36,37, and 38. When the balloon 3 is in the inflated state, the inclined portion 36 extends
while increasing in diameter from the distal end portion 3D of the distal end connecting
portion 3A toward the proximal end side. The inclined portion 37 extends while
increasing in diameter from the end portion of the inclined portion 36 on the side opposite
the end portion of the inclined portion 36 that is connected to the distal end portion 3D in
the extending direction toward the proximal end side. The inclined portion 38 extends
while increasing in diameter from the end portion of the inclined portion 37 on the side
opposite the end portion of the inclined portion 37 that is connected to the inclined portion
36 in the extending direction toward the proximal end side.

[0078] With regards to the inclined portions 36 to 38, the angles formed between
the extending direction and the direction extending from the end portion near the distal
end portion 3D toward the end portion near the distal end portion 30D are defined as the
inclination angles. The inclination angle of the inclined portion 36 is denoted 051, the
inclination angle of the inclined portion 37 is denoted 652, and the inclination angle of
the inclined portion 38 is denoted 653. In this case, the inclination angles 651, 852, and
053 are different from each other. The inclination angles 051 to 653 have a magnitude
relationship of 052 < 051 < 053. The inclination angle 053 is the largest and the
inclination angle 652 is the smallest.

[0079] The shape of the protrusions 41A and 42A of the protruding portion 4A is
the same as it is in the balloon catheter 1A. The protrusions 41 A and 42A are provided
on the inclined portion 37 which has the smallest inclination angle 052 of the inclined
portions 36 to 38.

[0080] A virtual plane SO that connects the distal end portion 30D of the inflatable
portion 3B of the balloon 3 and the distal end portion 3D of the balloon 3 is defined. In
this case, the protrusions 41 A and 41B are positioned on the side of the virtual plane SO
near the center axis Cl1, i.e., to the inside with respect to the virtual plane SO.

[0081] Operations and effects of fifth embodiment

When the balloon 3 inflates, the inclined portions 36 to 38 of the distal end
connecting portion 3A move in a direction orthogonal to each other. Here, the moving
direction of the inclined portion 37 having the relatively small inclination angle 052
approximates the radial direction more than the moving direction of the inclined portions
36 and 38 that have relatively large inclination angles 651 to 653 does. Note that the
protruding portion 4A more easily digs into the stenotic lesion 90A of the blood vessel 9
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the closer the moving direction of the protruding portion 4A when the balloon 3 inflates
is to the radial direction.

[0082] With the balloon catheter 1E, the protruding portion 4A is provided on the
inclined portion 37 having the relatively small inclination angle 052. When the balloon
3 inflates, the protruding portion 4A moves in a direction orthogonal to the inclined
portion 37. Note that the inclination angle 052 is defined as the angle of the inclined
portion 37 with respect to the extending direction, so when the inclination angle 052 is
small, the angle between the direction orthogonal to the inclined portion 37, i.e., the
moving direction of the protruding portion 4A when the balloon 3 inflates, and the radial
direction orthogonal to the extending direction is also small. That is, the protruding
portion 4A moves in a direction approximating the radial direction when the balloon 3
inflates. Therefore, the balloon catheter 1E enables the protruding portion 4A to suitably
dig into the stenotic lesion 90A when the balloon 3 inflates.

[0083] Special notes relating to fifth embodiment

The shape of the protruding portion 4A provided on the inclined portion 37 is not
limited to that of the foregoing embodiment. For example, the protruding portion may
have the shape (annular shape) of the protruding portion 4D in the third embodiment, or
the shape (spiral shape) of the protruding portion 4E in the fourth embodiment. The
inclination angles 851 and 653 may be the same. The number of inclined portions of the
distal end connecting portion 3A is not limited to three, and may be two or four or more.
If there are three or more inclined portions, protruding portions may be provided on a
plurality of the inclined portions having an inclination angle less than a predetermined
threshold value. The protruding portion 4A may protrude outward with respect to the
virtual plane SO.

[0084] Sixth embodiment (Balloon catheter 1F)

The balloon catheter 1F will now be described with reference to Fig. 10. The
balloon catheter 1F differs from the balloon catheter 1A in that it has protruding portions
4G and 4H in addition to the protruding portion 4A, but does not have the protruding
portion 4B. Hereinafter, a description of the structure of the balloon catheter 1F that is
the same as that of the balloon catheter 1A will be omitted.

[0085] The protruding portion 4G is provided on the outer surface of the inflatable
portion 3B of the balloon 3 and protrudes outward. The protruding portion 4G has
protrusions 41G and 42G. The protrusions 41G and 42G both extend in the extending
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direction between the proximal end portion 30P and the distal end portion 30D of the
inflatable portion 3B. The protrusions 41G and 42G face each other across the center axis
C1. The positions of the protrusions 41A and 41G in the circumferential direction
coincide. The positions of the protrusions 42A and 42G in the circumferential direction
coincide.

[0086] The shape of the protrusions 41G and 42G is the same. Hereinafter, the
shape will be described giving the protrusion 41G as an example. The protrusion 41G
has a base portion 51 and a tip end portion 52. The shape of the base portion 51 is a
quadratic prism, extending in the extending direction. A side surface 51A of the base
portion 51 is connected to the outer surface of the inflatable portion 3B of the balloon 3.
The shape of the tip end portion 52 is a triangular prism, extending in the extending
direction. A side surface 52A of the tip end portion 52 is connected to a side surface 51B
of the base portion 51 that is opposite to the side surface S51A. Side surfaces 52B and 52C
of the tip end portion 52 other than the side surface 52A are connected to an apex 520.
The distance between the side surfaces 51A and 52B of the base portion 51, and the
distance between the apex 520 and the side surface 52A ofthe tip end portion 52 are equal.

[0087] In a cross-section of the protrusion 41G, both end portions 510 of the side
surface 51A in a direction orthogonal to the extending direction are defined. Also, two
virtual line segments S1 connecting each of the end portions 510 and the apex 520 are
defined. In this case, a portion of cach of the tip end portion 52 and the base portion 51
of the protrusion 41G is arranged to the outside of a virtual triangle (hereinafter, referred
to as a virtual triangle T1) defined by the two virtual line segments S1 and the side surface
S1A.

[0088] The protruding portion 4H is provided on an inner surface of the distal end
connecting portion 3A of the balloon 3 and protrudes inward. The protruding portion 4H
has protrusions 41H and 42H. The protruding portion 41H extends between the
protrusion 41A and the end portion on the distal end side of the protrusion 41G. The
protrusion 42H extends between the protrusion 42A and the end portion on the distal end
side of the protrusion 42G. The protruding portion 4H is interposed between the
protruding portions 4A and 4G and connects the protruding portions 4A and 4G inside the
balloon 3.

[0089] Operations and effects of sixth embodiment

With the balloon catheter 1F, the rigidity of the portion where the protruding
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portion 4H is provided on the balloon 3 can be equal to the rigidity of the portion of the
balloon 3 where the protruding portion 4A is provided. Therefore, the protruding portion
4H can inhibit the balloon 3 from being pushed back in the direction toward the center
axis C1 due to the protruding portion 4A receiving force from the stenotic lesion 90A
when the balloon 3 inflates. The protruding portion 4H protrudes inward from the inner
surface of the distal end connecting portion 3A of the balloon 3, and does not protrude
outward from the outer surface of the distal end connecting portion 3A of the balloon 3.
Therefore, the balloon catheter 1F can inhibit a decrease in passability of the balloon 3
due to the provision of the protruding portion 4H.

[0090] When the balloon 3 deflates, an inward force acts on the portion of the
balloon 3 where the protruding portion 4H is provided. In this case, wings are more easily
formed during the deflation process of the balloon 3. Note that the diameter of the balloon
3 in the deflated state is minimized by folding the wings formed in the deflated state.
Therefore, in the balloon catheter 1F, the protruding portion 4H can suitably form wings
in the balloon 3 in the deflated state, so the diameter of the balloon 3 in the deflated state
can be reduced.

[0091] In a cross-section of the protrusions 41 G and 42G of the protruding portion
4G, a portion of each of the base portion 51 and the tip end portion 52 is arranged to the
outside of the virtual triangle T1. Therefore, the protrusions 41G and 42G will not easily
fall down even if external force is applied. Consequently, with the balloon catheter 1F,
when the balloon 3 inflates, not only the protruding portion 4A but also the protruding
portion 4G can be applied to the stenotic lesion 90A, so the stenotic lesion 90A can be
appropriately treated.

[0092] Special notes relating to sixth embodiment

A third protruding portion that protrudes outward may be provided on the outer
surface of the portion of the distal end connecting portion 3A of the balloon 3 where the
protruding portion 4H is provided on the inner surface. Note that the protrusion amount
of the third protruding portion may be smaller than the protrusion amount of the
protruding portion 4A. The ratio of the protrusion amount of the third protruding portion
to the protrusion amount of the protruding portion 4A is not particularly limited, and is,
for example, 50% or less, and more preferably, 10% or less.

[0093] As shown in Fig. 11, the protruding portion 4H may further extend
between the end portion on the distal end side of the protruding portion 4G and the distal
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end portion 3D of the balloon 3. In this case, the protruding portion 4H may be provided
between the distal end portion 3D of the balloon 3 and the end portion on the distal end
side of the protruding portion 4G on the inner surface of the distal end connecting portion
3A of the balloon 3.

[0094] The protruding portion 4G may be provided on the inner surface of the
inflatable portion 3B of the balloon 3 and protrude inward. The protruding portion 4G
may be formed in an annular shape in the circumferential direction around the center axis
C1. Inthis case, the protruding portion 4G may be formed only near the distal end portion
30D of the inflatable portion 3B of the balloon 3.

[0095] The protruding portion 4H may be provided on the entire region on the
proximal end side of the protruding portion 4A in the extending direction, of the inner
surface of the distal end connecting portion 3A of the balloon 3.

[0096] The hardness of each of the protrusions 41G and 42G of the protruding
portion 4G may the uniform across the entire region or different for each portion. For
example, as shown in Fig. 12A, the hardness of each of the protrusions 41G and 42G may
become gradually harder from the side surface 51 A toward the apex 520. In this case, the
area of the protrusions 41G and 42G near the apex 520, in particular, will not easily fall
down even if external force is applied, so the protruding portion 4G is able to
appropriately dig into the stenotic lesion 90A when the balloon 3 inflates. Also, the area
near the portion of the protrusions 41G and 42G that is connected to the balloon 3 can
remain flexible. Therefore, it is possible to suppress a decrease in passability due to the
protruding portion 4G catching on the interior wall when the balloon 3 passes through the
blood vessel 9.

[0097] For example, as shown in Fig. 12B, a virtual center S2 that is a virtual line
segment that passes through the apex 520 and extends in the radial direction is defined
for the protrusions 41G and 42G. Side surfaces 51C and 51D excluding the side surfaces
51A and 51B are defined for each base portion 51 of the protrusions 41G and 42G. In
this case, the hardness of each of the protrusions 41G and 42G may become gradually
harder from cach of the side surfaces 51C, 51D, 52B, and 51C toward the virtual center
S2. Also, for example, as shown in Fig. 12C, in a cross-section of the protrusions 41G
and 42G, the hardness of the portion located inside the virtual triangle T1 may be higher
than the hardness of the portion located outside the virtual triangle T1.

[0098] In the case of the example shown in Fig. 12B and 12C, the protruding
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portion 4G is stably arranged on the outer surface of the balloon 3, and so will not easily
fall down even if external force is applied. Therefore, the protruding portion 4G is able
to suitably dig into the stenotic lesion 90A when the balloon 3 inflates.

[0099] The shape of the protruding portion 4G is not limited to that of the
foregoing embodiment. Modified examples (protrusions 46G (refer to Fig. 13A), 47G
(refer to Fig. 13B), and 48G (refer to Fig. 13C)) relating to the shape of the protrusions
41G and 42G of the protruding portion 4G will now be described. Hereinafter, the
direction passing through the apex 520 from the center axis C1 of the balloon 3 and
extending in the radial direction will be referred to as the a protruding direction. The
direction orthogonal to the extending direction and orthogonal to the protruding direction
will be referred to as an orthogonal direction.

[0100] The protrusion 46G shown in Fig. 13A has, as the base portion 51, base
elements 511 and 512. The shape of each of the base elements 511 and 512 is a quadratic
prism, extending in the extending direction. A side surface 512A of the base element 512
is connected to the inflatable portion 3B of the balloon 3. A side surface 511A of the base
element 511 is connected to a side surface 512B opposite of the side surface 512A of the
base element 512. The side surface 52A of the tip end portion 52 is connected to a side
surface 511B opposed to the side surface 511A of the base element 511.

[0101] The length of the base element 511 in the orthogonal direction is shorter
than the length of the base clement 512 in the orthogonal direction. The length of the side
surface 52A of the tip end portion 52 is shorter than the length of the base element 511 in
the orthogonal direction. In a cross-section of the protrusion 46G, a portion including
both orthogonal end portions of the base elements 511 and 512 and the tip end portion 52
is arranged outside of the virtual triangle T1. The length of the base portion 51 in the
protruding direction is longer than the length of the tip end portion 52 in the protruding
direction.

[0102] The protrusion 46G can stably support the tip end portion 52 by the base
portion 51. Therefore, the protrusion 46G allows the tip end portion 52 of the protrusion
46G to suitably dig into the stenotic lesion 90A when the balloon 3 inflates.

[0103] The protrusion 47G shown in Fig. 13B differs from the protrusion 46G
(refer to Fig. 13A) in terms of the shape of the base element 512. The shape of the base
element 512 is a prism with a trapezoidal cross-section. The side surface 512B of the

base element 512 is shorter than the side surface 512A of the base element 512. Note that
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the side surface 512B is longer than the side surface 511A of the base element 511.

[0104] Ofthe base element 512, side surfaces 512C and 512D, excluding the side
surfaces 512A and 512B, are defined. The direction extending from the side surface S12A
side to the side surface 512B side along the side surfaces 512C and 512D is inclined
toward the virtual center S2 that passes through the apex 520. In a cross-section of the
protrusion 47G, portions including both end portions in the orthogonal direction of the tip
end portion 52 and the base elements 511 and 512 are arranged outside of the virtual
triangle T1.

[0105] The protrusion 48G shown in Fig. 13C differs from the protrusion 47G
(refer to Fig. 13B) in terms of the shape of the base element 511. The shape of the base
element 511 is a prism with a trapezoidal cross-section. The side surface 511B of the
base element 511 is shorter than the side surface 511A of the base element 511. Note that
the side surface 511B is longer than the side surface 52A of the tip end portion 52.

[0106] Of the base element 511, side surfaces 511C and 511D, excluding the side
surfaces 511A and 511B, are defined. The direction extending from the side surface 511A
side to the side surface 511B side along the side surfaces 511C and 511D is inclined
toward the virtual center S2 that passes through the apex 520. In a cross-section of the
protrusion 48G, portions including both end portions in the orthogonal direction of the tip
end portion 52 and the base elements 511 and 512 are arranged outside of the virtual
triangle T1.

[0107] With the protrusions 47G and 48G, the tip end portion 52 can be more
stably supported by the base portion 51. Therefore, the protrusions 47G and 48G can
appropriately apply each of the tip end portions 52 to the stenotic lesion 90A when the
balloon 3 inflates. Also, with the protrusions 47G and 48G, the step of the side surface
in the orthogonal direction can be smaller, so the protrusions 47G and 48G will not easily
fall over even if the protrusion amount of the protrusions 47G and 48G is large.
Consequently, by making the protrusion amount of the protrusions 47G and 48G large,
the protrusions 47G and 48G can appropriately dig into the stenotic lesion 90A when the
balloon 3 inflates.

[0108] Seventh embodiment (Balloon catheter 1G)

The balloon catheter 1G will now be described with reference to Fig. 14. The
balloon catheter 1G differs from the balloon catheter 1A in that it does not have the
protruding portion 4A and has a protruding portion 41 instead of the protruding portion
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4B. Hereinafter, a description of the structure of the balloon catheter 1G that is the same
as that of the balloon catheter 1A will be omitted.

[0109] The protruding portion 41 has protrusions 411, 421, 431, 441, 451, and 461.
The protrusions 411 to 461 are provided on the outer surface of the distal end extending
portion 220 of the inner tube 22 and protrude outward. The protrusions 411, 421, and 431
are arranged along the extending direction. The positions of the 411, 421, and 431 in the
circumferential direction coincide. The protrusions 441, 451, and 46I are arranged along
the extending direction. The positions of the protrusions 441, 451, and 461 in the
circumferential direction coincide. The protrusions 411, and 441 are near the distal end
portion 30D of the balloon 3. The protrusions 431 and 46l are near the distal end portion
221 of the inner tube 22. The protrusions 411 and 44I face each other across the center
axis C1. The protrusions 421 and 451 face each other across the center axis C1. The
protrusions 411 and 441 face each other across the center axis Cl1.

[0110] There is a similarity relationship between shape of the protrusions 411 to
461 and the shape of the protrusions 41B and 42B of the protruding portion 44B of the
balloon catheter 1A (refer to Fig. 1). A distal end portion 465, a proximal end portion
466, a distal end inclined portion 461, a proximal end inclined portion 462, an apex 460,
and angles 661 and 862 of each of the protrusions 411 to 461 correspond to the distal end
portion 425, the proximal end portion 426, the distal end inclined portion 421, the
proximal end inclined portion 422, the apex 420, and the angles 621 and 622 of each of
the protrusions 41B and 42B of the protruding portion 4B, respectively. The angle 062
of the proximal end inclined portion 462 with respect to the distal end extending portion
220 is greater than the angle 061 of the distal end inclined portion 461 with respect to the
distal end extending portion 220.

[0111] The protrusions 411, 421, and 43I differ from each other in terms of the
distance, i.e., the protrusion amount, from the distal end extending portion 220 to the apex
460. Of the protrusions 411, 421, and 43I, the protrusion amount of the protrusion 431
that is nearest to the distal end portion 221 of the inner tube 22 is the smallest, and the
protrusion amount of the protrusion 411 nearest to the distal end portion 3D of the balloon
3 is the largest. The protrusion amount of each of the protrusions 411, 421, and 43I
becomes larger nearer the distal end portion 3D of the balloon 3.

[0112] The protrusions 441, 451, and 46I differ from each other in terms of their
protrusion amounts. Of the protrusions 441, 451, and 461, the protrusion amount of the
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protrusion 461 that is nearest to the distal end portion 221 of the inner tube 22 is the
smallest, and the protrusion amount of the protrusion 441 nearest to the distal end portion
3D of the balloon 3 is the largest. The protrusion amount of each of the protrusions 441,
451, and 461 becomes larger nearer the distal end portion 3D of the balloon 3.

[0113] Operations and effects of seventh embodiment

With the balloon catheter 1G, the resistance force that the protruding portion 41
receives from the stenotic lesion 90A when the distal end extending portion 220 of the
inner tube 22 advances through the lumen of the stenotic lesion 90A can be suppressed.
Therefore, the balloon catheter 1G can reduce the possibility of the balloon 3 being
pushed back by the resistance force that the protruding portion 41 receives from the
stenotic lesion 90A.

[0114] The balloon catheter 1G has the protrusions 411 to 431 and 441 to 461
arranged in the extending direction. Therefore, compared to the balloon catheter 1A
having only the protrusions 41A and 41B, the balloon 3 is less likely to be pushed back
when the distal end extending portion 220 of the inner tube 22 receives resistance force
from the stenotic lesion 90A as it advances through the lumen of the stenotic lesion 90A.
Therefore, the balloon catheter 1G can more efficiently perform the operation of gradually
advancing the balloon 3 distally while repeatedly changing the balloon 3 between the
inflated state and the deflated state.

[0115] Special notes relating to seventh embodiment

The protrusion amounts of the protrusions 411 to 461 may be the same. Also, the
protrusion amounts of the protrusions 421, 431, 451, and 461 may be the same, and the
protrusion amount of the protrusions 411 and 441 may be less than the protrusion amount
of the protrusions 421, 431, 451, and 461. The positions of the protrusions 411 to 431 in
the circumferential direction may be different. Similarly, the positions of the protrusions
441 to 46l in the circumferential direction may be different. The balloon catheter 1G may
have the protruding portion 4A on the distal end connecting portion 3A of the balloon 3.

[0116] Eighth embodiment (Balloon catheter 1H)

The balloon catheter 1H will now be described with reference to Fig. 15. The
balloon catheter 1H differs from the balloon catheter 1A (refer to Fig. 1) in that the balloon
3 has a distal end joining portion 3J, the balloon catheter 1H has only the protruding
portion 4A and does not have the protruding portion 4B, and the balloon catheter 1H
further has a distal end tip 6A and a cover tube 7A. Hereinafter, a description of the
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structure of the balloon catheter 1H that is the same as that of the balloon catheter 1A will
be omitted.

[0117] The balloon 3 of the balloon catheter 1H has the distal end joining portion
3J extending from the distal end portion 3D of the distal end connecting portion 3A toward
the distal end side. The distal end joining portion 3J extends along the outer surface of
the inner tube 22 and joins to the inner tube 22. Hereinafter, the end portion on the distal
end side of the distal end joining portion 3J will be referred to as a distal end portion
300D.

[0118] The distal end tip 6A is provided on the distal end portion 221 of the inner
tube 22. The distal end tip 6A is made of flexible resin. The distal end tip 6A prevents
the blood vessel 9 from being damaged when the distal end portion 221 of the inner tube
22 strikes the interior wall of the blood vessel 9.

[0119] The distal end tip 6A has a cover portion 61 and an extending portion 62.
The cover portion 61 covers the distal end portion 221 of the inner tube 22 from the distal
end side. A through-hole 61A through which passes a guide wire that is inserted through
the inner tube 22 is provided in the cover portion 61. The diameter of the through-hole
61A is smaller than the diameter of the lumen of the inner tube 22. The extending portion
62 extends from the end portion on the outside of the cover portion 61 toward the
proximal end side along the outer surface of the inner tube 22. The end portion
(hereinafter, referred to as a proximal end portion 62P) on the proximal end side of the
extending portion 62 is spaced distally from the distal end portion 300D of the distal end
joining portion 3J of the balloon 3. Of the inner tube 22, the portion of the inner tube 22
on the proximal end side of the proximal end portion 62P and on the distal end side of the
distal end portion 300D in the extending direction is not covered by the distal end tip 6A
or the distal end joining portion 3J. Hereinafter, the portion of the inner tube 22 that is
not covered by the distal end tip 6A or the distal end joining portion 3J will be referred to
as an exposed portion 226.

[0120] The cover tube 7A has a cylindrical shape. The cover tube 7A covers the
portion of the extending portion 62 of the distal end tip 6A near the proximal end portion
62P, the portion of the distal end joining portion 3] of the balloon 3 near the distal end
portion 300D, and the exposed portion 226 of the inner tube 22 from the outside. The
hardness of the cover tube 7A is uniform.

[0121] The cover tube 7A, the distal end tip 6A, and the balloon 3 are melted by
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heat. Heat is applied near the distal end portion of the balloon catheter 1H in the state
shown in Fig. 15. Consequently, the cover tube 7A, the portion near the proximal end
portion 62P of the extending portion 62 of the distal end tip 6A, and the portion near the
distal end portion 300D of the distal end joining portion 3J of the balloon 3 are melted
and welded together. Therefore, in Fig. 15, the steps shown at the cover tube 7A, the
portion of the extending portion 62 of the distal end tip 6A near the proximal end portion
62P, and the portion of the distal end joining portion 3J of the balloon 3 near the distal
end portion 300D are eliminated by the cover tube 7A that has been melted by heating
entering the step portion. The same also applies to Figs. 16A, 16B, and 16C, which will
be described later.

[0122] Operations and effects of eighth embodiment

When the cover tube 7A is not provided, the hardness of the portion of the balloon
catheter 1H on the distal end side of the distal end portion 3D of the balloon 3 differs at
each of aregion W6 on the distal end side of the proximal end portion 62P in the extending
direction, a region W7 between the proximal end portion 62P and the distal end portion
300D, and a region W8 on the proximal end side of the distal end portion 300D. The
hardness of the region W7 is softer than the hardnesses of the regions W6 and W8. The
reason for this is that the inner tube 22 and the distal end tip 6 A are disposed in the region
W6, and the inner tube 22 and the distal end joining portion 3J are disposed in the region
W38, whereas only the inner tube 22 is disposed in the region W7. Here, the difference in
hardness between the regions W6 to W8 is preferably small in order to improve
trackability to the guide wire.

[0123] In contrast, with the balloon catheter 1H, the cover tube 7A is provided in
a position overlapping with the region W7. The hardness of the region W7 is harder than
the hardness of the region W6, and the hardness of the region W8 is harder than the
hardness of the region W7 (hardness of the region W6 < hardness of the region W7 < the
hardness of region W8). By increasing the hardness of the region W7 with the cover tube
7A, the difference in hardness between the regions W6 and W8, and the region W7 can
be reduced. Accordingly, the balloon catheter 1H can improve the trackability to the
guide wire in the distal end portion.

[0124] Special notes relating to eighth embodiment

Cover tubes 7B (Figs. 16A), 7C (Fig. 16B), and 7D (Fig. 16C) that are modified

examples of the cover tube 7A will now be described.

32



CA 03228244 2024-2-6

English Translation Our Ref: 46456-3
CA National Phase of PCT/JP2022/028567 (21147GDR22)

[0125] The cover tube 7B shown in Fig. 16A differs from the cover tube 7A that
the diameter of a portion of the outer surface increases toward the proximal end side, and
that the end portion on the distal end side of the cover tube 7B is positioned to the inside
of the extending portion 62 of the distal end tip 6A. Note that the end portion on the distal
end side of the cover tube 7B is positioned on the outside of the distal end joining portion
3J of the balloon 3 and covers a portion near the distal end portion 300D of the distal end
joining portion 3J, similar to the cover tube 7A.

[0126] The cover tube 7C shown in Fig. 16B differs from the cover tube 7A in
that the end portion on the distal end side of the cover tube 7C is positioned to the inside
of the extending portion 62 of the distal end tip 6A, and that the end portion on the
proximal end portion of the cover tube 7C is positioned to the inside of the distal end
joining portion 3J. In this case, the cover tube 7C extends in the extending direction along
the outer surface of the inner tube 22 along the entire region.

[0127] The cover tube 7D shown in Fig. 16C differs from the cover tube 7A in
that the hardness is not uniform. The hardness of the cover tube 7D is harder at a portion
corresponding to the region W7 than at portions corresponding to the regions W6 and WS8.
Therefore, the difference in hardness between the regions W6 to W8 of the balloon
catheter 1H can be reduced even more, so the trackability to the guide wire at the distal
end portion can be improved even more. Note that in the cover tube 7D, the regions W6
to W8 having different hardnesses may be formed by different materials. Also, the
hardness may be adjusted by varying the physical properties of the portions of the cover
tube 7D, which is made of a common material, corresponding to each of the regions Wé
to W8.

[0128] Additives for improving slidability may be added to the cover tubes 7A to
7D.

[0129] Other

The proximal end portions 212 and 222 are examples of the first proximal end
portion of the present invention. The distal end portion 221 is an example of the first
distal end portion of the present invention. The distal end portion 30D is an example of
the second distal end portion of the present invention. The distal end portion 3D is an
example of the third distal end portion of the present invention. The protruding portions
4A and 4C to 4E are examples of the first protruding portion of the present invention.
The protruding portions 4B and 41 are examples of the second protruding portion of the
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present invention. The apex 410 is an example of the first apex of the present invention.
The distal end inclined portion 411 is an example of the first distal end inclined portion
of the present invention. The proximal end inclined portion 412 is an example of the first
proximal end inclined portion of the present invention. The protruding portion 4G is an
example of the third protruding portion of the present invention. The protruding portion
4H is an example of the inside protruding portion of the present invention. The apex 420
is an example of the second apex of the present invention. The distal end inclined portion
421 is an example of the second distal end inclined portion of the present invention. The
proximal end inclined portion 422 is an example of the second proximal end inclined

portion of the present invention.
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CLAIMS
1. A balloon catheter comprising:

a catheter shaft extending in an extending direction between a first proximal end
portion and a first distal end portion;

a balloon connected to the catheter shaft at a position where a distance to the first
distal end portion is shorter than a distance to the first proximal end portion, the balloon
including

an inflatable portion having a cylindrical shape extending in the extending
direction, and

a distal end connecting portion being a portion extending to a side opposite
the inflatable portion from a second distal end portion of the inflatable portion, the second
distal end portion being an end portion near the first distal end portion of both end portions
of the inflatable portion in the extending direction, a diameter of an end portion of the
distal end connecting portion comnected to the inflatable portion being larger than a
diameter of a third distal end portion of the distal end connecting portion which is an end
portion on a side opposite the end portion connected to the inflatable portion, the distal
end connecting portion connecting to the catheter shaft at the third distal end portion; and

a protruding portion protruding radially outward with respect to a center axis of
the catheter shaft, the protruding portion having at least one of a first protruding portion
provided on the distal end connecting portion of the balloon, or a second protruding
portion provided on a distal end extending portion which is a portion between the third
distal end portion and the first distal end portion of the balloon in the extending direction,

wherein the distal end connecting portion includes

at least a region where a protrusion amount is smaller than a protrusion
amount of the protruding portion, between the second distal end portion and an end

portion of the protruding portion nearest to the second distal end portion.

2. The balloon catheter according to claim 1, wherein the protruding portion includes the

first protruding portion.

3. The balloon catheter according to claim 2, wherein
the first protruding portion includes

a first apex protruding farthest outward in a radial direction;
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a first distal end inclined portion extending toward the first apex from an
end portion on a side near the third distal end portion; and
a first proximal end inclined portion extending toward the first apex from
an end portion on a side near the second distal end portion, and
an angle of the first proximal end inclined portion with respect to the distal end
connecting portion is greater than an angle of the first distal end inclined portion with

respect to the distal end connecting portion.

4. The balloon catheter according to claim 2 or 3, wherein the first protruding portion is

provided on a portion including the third distal end portion.

5. The balloon catheter according to any one of claims 2 to 4, wherein
the protruding portion further includes
a third protruding portion provided on the inflatable portion of the balloon,
and
an inside protruding portion is provided extending between the first protruding
portion and the third protruding portion, and protruding inward in a radial direction from

an inner surface of the distal end connecting portion.

6. The balloon catheter according to any one of claims 2 to 5, wherein the first protruding
portion has an annular shape extending in a circumferential direction around the center

axis.

7. The balloon catheter according to any one of claims 2 to 5, wherein the first protruding

portion has a spiral shape extending in a circumferential direction around the center axis.

8. The balloon catheter according to any one of claims 2 to 7, wherein

the distal end connecting portion has a plurality of inclined portions;

the plurality of inclined portions includes at least two inclined portions having
different inclination angles between the center axis and a direction extending from the
second distal end portion side toward the third distal end portion side along each inclined
portion; and

the first protruding portion
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is provided on the inclined portion having the smallest inclination angle,

of the plurality of inclined portions.

9. The balloon catheter according to any one of claims 1 to 8, wherein the protruding

portion includes the second protruding portion.

10. The balloon catheter according to claim 9, wherein
the second protruding portion includes a plurality of protrusions; and
the protrusion amount of each of the plurality of protrusions is larger closer to the

third distal end portion.

11. The balloon catheter according to claim 9 or 10, wherein
the second protruding portion includes
a second apex protruding farthest outward in a radial direction;
a second distal end inclined portion extending toward the second apex
from an end portion on a side near the first distal end portion; and
a second proximal end inclined portion extending toward the second apex
from an end portion on a side near the third distal end portion, and
an angle of the second proximal end inclined portion with respect to the distal end
extending portion is greater than an angle of the second distal end inclined portion with

respect to the distal end extending portion.

12. The balloon catheter according to any one of claims 1 to 11, wherein
the distal end extending portion includes
at least a region where the protrusion amount is smaller than the protrusion
amount of the protruding portion, between the first distal end portion and an end portion

nearest to the first distal end portion of the protruding portion.
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