Innovation, Sciences et Innovation, Science and CA 3009628 C 2023/09/26

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 009 628
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2015/12/24 (51) CLInt./Int.Cl. A67M 25/10(2013.01)

(87) Date publication PCT/PCT Publication Date: 2016/06/30 | (72) Inventeur/Inventor:
(45) Date de délivranceflssue Date: 2023/09/26 CHUTER, TIMOTHY A.M., US

A : : . (73) Propriétaire/Owner:
(85) Entrée phase nationale/National Entry: 2018/06/22 CHUTER, TIMOTHY AM. US
(86) N° demande PCT/PCT Application No.: US 2015/000440

o o (74) Agent: SMART & BIGGAR LP

(87) N° publication PCT/PCT Publication No.: 2016/105556
(30) Priorité/Priority: 2014/12/24 (US62/096,844)

(54) Titre : CATHETERS A BALLONNETS
(54) Title: BALLOON CATHETERS

=

INFLATION

(57) Abrégé/Abstract:

Catheters or other tubular devices and methods for using them to perform a medical procedure are provided. In an exemplary
embodiment, a tubular device includes an elongate tubular member comprising a proximal end, a distal end sized for introduction
into a patient's body, and a lumen extending between the proximal and distal ends; an expandable member on the distal end
comprising an outer impermeable membrane with an inner surface surrounding a substantially enclosed interior space; and a fiber
network within the interior space coupled to the inner surface and configured to limit expansion of the membrane when inflation
media is directed into the interior space from the lumen to expand the membrane to an expanded configuration.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2016/105556 A 1[I N0FV 0 0000 O

(43) International Publication Date

CA 03009628 2018-06-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/105556 A1

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

74

31

30 June 2016 (30.06.2016) WIPOIPCT
International Patent Classification:
A6IM 25/10 (2006.01)
International Application Number:
PCT/US2015/000440

International Filing Date:
24 December 2015 (24.12.2015)

Filing Language: English
Publication Language: English
Priority Data:

62/096,844 24 December 2014 (24.12.2014) US

Inventor; and
Applicant : CHUTER, Timothy, A.M [US/US]; 875
Castro Street, San Francisco, CA 94114 (US).

Agent: ENGLISH, William, A.; Vista [P Law Group LLP,
2040 Main Street, Suite 710, Irvine, CA 92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: BALLOON CATHETERS

(57) Abstract: Catheters or other tubular devices and methods for using them to perform a medical procedure are provided. In an ex -
emplary embodiment, a tubular device includes an elongate tubular member comprising a proximal end, a distal end sized for intro-
duction into a patient's body, and a lumen extending between the proximal and distal ends; an expandable member on the distal end
comprising an outer impermeable membrane with an inner surface surrounding a substantially enclosed interior space; and a fiber
network within the interior space coupled to the inner surface and configured to limit expansion of the membrane when inflation me-
dia is directed into the interior space from the lumen to expand the membrane to an expanded configuration.



10

15

20

25

30

CA 03009628 2018-06~22

WO 2016/105556 PCT/US2015/000440

-1-
BALLOON CATHETERS

FIELD OF THE INVENTION
The present invention relates to catheters and to methods for making and using
catheters. More particularly, the present invention relates to catheters including balloons
with internal supports and/or that otherwise expand to non-circular profiles, and to methods

for making and using catheters including such balloons.

BACKGROUND

Balloons are good at providing substantially uniform forces to the walls of a body
lumen because most such lumens have a circular cross-sectional profile, as do most
balloons. Indeed, it is difficult to create a balloon that, upon inflation, assumes other shapes
other than cylindrical shapes with circular cross-sectional profiles since such a shape
generally minimizes wall tension by maximizing the ratio of volume to surface area.

A ballbon’s tendency to adopt a circular profile becomes a problem when the
balloon is being used to apply force to a non-circular surface. Pressure is applied uniformly
only when the shape of the impacted surface matches the shape of the balloon (i.e.,
circular). Many compressive applications, outside the bounds of a body lumen, call for
balloons of fixed, non-circular, inflated shape.

Accordingly, balloons that may be expanded to non-circular profiles would be
useful.

SUMMARY

The present invention is directed to catheters and to methods for making and using
catheters. More particularly, the present invention is directed to catheters including
balloons with internal supports and/or that otherwise expand to non-circular profiles, and to
methods for making and using catheters including such balloons.

There are several ways to impose a non-circular profile on an inflated balloon by
placing rigid elements in its wall, but these elements are not easily compressed into a low-
profile configuration for atraumatic insertion.

An alternative approach employs multiple balloons, each of which assumes a
circular cross-sectional profile when inflated, while the combined multi-balloon structure

may have a different shape. However, the surface of the balloon will inevitably have a
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bumpy surface reflecting the curvature of individual balloons. Increasing the number of
constituent balloons reduces the bumpiness, but increases the bulk.

Besides, the walls of all of the internal balloons serve only to conétrain the outward
movement of the balloons in the surface layer: a function that can be performed equally
well by an internal network of fibers. The network of fibers can take many forms, since it
serves only to resist the outward expansion of the balloon envelope. If the fibers are
substantially inelastic and interconnected, the maximally expanded shape of the fiber mass -
becomes the maximally expanded shape of the balloon envelope that is securely glued to its
outer surface. In an exemplary embodiment, the fiber mass may resemble a sponge, or a
scrubbing pad, made of interconnected strands of flexible polymer or flexible metal wire.

In accordance with an exemplary embodiment, a tubular device is provided for
performing a medical procedure that includes an elongate tubular member comprising a
proximal end, a distal end sized for introduction into a patient’s body, and a lumen
extending between the proximal and distal ends; an expandable member on the distal end
comprising an outer impermeable membrane with an inner surface surrounding a
substantially enclosed interior space; and a fiber network within the interior space coupled
to the inner surface and configured to limit expansion of the membrane when inflation
media is directed into the interior space from the lumen to expand the membrane to an
expanded configuration,

In accordance with another embodiment, a method is provided for performing a medical
procedure within a patient’s body that includes providing an expandable member on a distal
end of a tubular device, the expandable member comprising an outer membrane with an
inner surface surrounding a substantially enclosed interior space and a fiber network within
the interior space coupled to the inner surface; compressing the expandable member to a
compressed configuration; introducing the distal end with the expandable member in the
compressed configuration into a patient’s body; positioning the expandable member
adjacent a body structure within the patient’s body; and expanding the expandable member
to an expanded configuration to contact the body structure, the fiber network limiting

expansion of the membrane,

Date Rec¢ue/Date Received 2020-12-22
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According to one aspect of the present invention, there is provided a tubular device for
performing a medical procedure, comprising: an elongate tubular member comprising a proximal
end, a distal end sized for introduction into a patient’s body, and a lumen extending between the
proximal and distal ends; an expandable member on the distal end comprising an outer
impermeable membrane with an inner surface surrounding a substantially enclosed interior
space; and a fiber network within the interior space coupled to the inner surface and configured
to limit expansion of the membrane when inflation media is directed into the interior space from
the lumen to expand the membrane to an expanded configuration, characterized in that the fiber
network comprises a plurality of fibers comprising opposite ends coupled to the inner surface
such that intermediate regions of the fibers extend at least partially across the interior space and
the fibers limit the membrane to adopting a non-circular or non-cylindrical shape in the

expanded configuration.

According to another aspect of the present invention, there is provided a tubular device
for performing a medical procedure, comprising: an elongate tubular member comprising a
proximal end, a distal end sized for introduction into a patient’s body, and a lumen extending
between the proximal and distal ends; an expandable member on the distal end comprising an
outer impermeable membrane with an inner surface surrounding a substantially enclosed interior
space; and a fiber network within the interior space coupled to the inner surface and configured
to limit expansion of the membrane when inflation media is directed into the interior space from
the lumen to expand the membrane to an expanded configuration, wherein the fiber network
comprises a plurality of fibers comprising opposite ends coupled to the inner surface such that
imtermediate regions of the fibers extend across the interior space and the fibers limit the
membrane to adopting a rectangular or other shape defining one or more substantially planar

walls in the expanded configuration.

According to still another aspect of the present invention, there is provided a tubular
device for performing a medical procedure, comprising: an elongate tubular member comprising
a proximal end, a distal end sized for introduction into a patient’s body, and a lumen extending
between the proximal and distal ends; an expandable member on the distal end comprising an
outer impermeable membrane with an inner surface surrounding a substantially enclosed interior
space; and a fiber network within the interior space coupled to the inner surface and configured

to limit expansion of the membrane when inflation media is directed into the interior space from

Date Recue/Date Received 2022-12-08
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the lumen to expand the membrane to a non-circular shape in an expanded configuration,
wherein the fiber network comprising a plurality of fibers comprising opposite ends coupled to
the inner surface such that intermediate regions of the plurality of fibers extend across the
interior space and the plurality of fibers limit the membrane to adopting a rectangular or other
shape defining one or more substantially planar walls extending between first and second

opposite ends of the expandable member in the expanded configuration.

According to a yet another aspect of the present invention, there is provided a tubular
device for performing a medical procedure, comprising: an elongate tubular member comprising
a proximal end, a distal end sized for introduction into a patient’s body, and a lumen extending
between the proximal end and the distal end; an expandable member on the distal end
comprising an outer impermeable membrane surrounding an enclosed interior space, the
membrane comprising an inner first surface and an inner second surface generally opposite the
inner first surface; and a fiber network within the interior space coupled to the inner first surface
and the inner second surface and configured to limit expansion of the membrane when an
mflation media is directed into the interior space from the lumen to expand the membrane to an
expanded configuration, wherein the fiber network comprises a plurality of fibers comprising
first ends coupled to the inner first surface and second ends coupled to the inner second surface
such that intermediate regions of all of the plurality of fibers extend across the interior space
substantially parallel to one another when the membrane is expanded to the expanded
configuration to limit expansion of the membrane in a direction along a longitudinal axis of the

plurality of fibers.

According to a further aspect of the present invention, there is provided a tubular device
for performing a medical procedure, comprising: an elongate tubular member comprising a
proximal end, a distal end sized for introduction into a patient’s body, and a lumen extending
between the proximal end and the distal end; an expandable member comprising first and second
opposite ends attached to the distal end comprising an outer impermeable membrane surrounding
an enclosed interior space, the membrane comprising an inner first surface and an inner second
surface generally opposite the inner first surface; and a fiber network within the interior space
comprising: a first plurality of fibers including first ends coupled to the inner first surface and
second ends coupled to the inner second surface such that all of the first plurality of fibers extend

across the interior space substantially parallel to one another when the membrane is expanded to

Date Recue/Date Received 2022-12-08
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an expanded configuration to limit expansion of the membrane in a first direction along a
longitudinal axis of the first plurality of fibers, and a second plurality of fibers, all of the second
plurality of fibers oriented orthogonally relative to the first plurality of fibers and extending
across the interior space substantially parallel to one another when the membrane is expanded to
the expanded configuration to limit expansion of the membrane in a second direction along a
longitudinal axis of the second plurality of fibers such that the membrane defines a plurality of
substantially planar walls extending between the first and second ends of the expandable member

in the expanded configuration.

According to yet a further aspect of the present invention, there is provided a tubular
device for performing a medical procedure, comprising: an elongate tubular member comprising
a proximal end, a distal end sized for introduction into a patient’s body, and a lumen extending
between the proximal and distal ends; an expandable member comprising first and second
opposite ends attached to the distal end and comprising an outer impermeable membrane with an
inner surface surrounding a substantially enclosed interior space; and a fiber network within the
interior space configured to limit expansion of the membrane when an inflation media is directed
into the interior space from the lumen to expand the membrane to an expanded configuration, the
fiber network comprising a plurality of fibers comprising opposite ends coupled to the inner
surface such that intermediate regions of the plurality of fibers extend across the interior space
and the plurality of fibers limit the membrane to adopting a non-cylindrical shape defining one or
more substantially planar walls extending between the first and second opposite ends in the

expanded configuration.

Other aspects and features including the need for and use of the present invention will
become apparent from consideration of the following description taken in conjunction with the

accompanying drawings.

Date Recue/Date Received 2022-12-08
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BRIEF DESCRIPTION OF THE DRAWINGS

It will be appreciated that the exemplary apparatus shown in the drawings are not
necessarily drawn to scale, with emphasis instead being placed on illustrating the various
aspects and features of the illustrated embodiments. The drawiﬁgs illustrate exemplary
embodiments, in which:

FIG. 1 is a perspective view of an exemplary embodiment of a catheter including a
non-circular balloon carried on its distal end.

FIGS. 2A and 2B are perspective and cross-sectional views, respectively, of an
exemplary embodiment of a non-circular balloon, including an internal fiber network in an
expanded configuration, which may be provided on the catheter of FIG. 1.

FIGS. 2C and 2D are perspective and cross-sectional views, respectively, of the
balloon of FIGS. 2A and 2B in a compressed configuration.

FIGS. 3A-3C are perspective views of exemplary configurations of fiber networks
that may be included within a balloon, such as the balloon shown in FIGS. 2A-2D.

FIG. 4 is a cross-sectional view of an exemplary embodiment of an internally
supported balloon supporting a tubular prosthesis. _

FIG. 5 is a cross-sectional view of a conventional balloon expanded within a tubular

prosthesis.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

_ Tumning to the drawings, FIG. 1 shows an exemplary embodiment of a catheter 8

including a tubular member or body 10 and a balloon 20 carried thereon. As described
further elsewhere herein, the balloon 20 generally includes an internal network of fibers 30.
(e.g., as shown in FIGS. 2A-2D) that limit expansion of the balloon 20 in a predetermined
manner, e.g., to cause the balloon 20 to expand into a non-circular or non-cylindrical shape,
such as a rectangular or other shape defining one or more substantially planar walls.
Generally, the tubular member 10 includes a includes a proximal end 12, e.g.,
including a handle or hub 50, a distal end 14 sized and/or shaped for introduction into a
_patient’s body, and one or more lumens 16 extending therebetween, thereby generally
defining a longitudinal axis 18. For example, an inflation lumen 16a may be provided that
extends from a side port 52a on the hub 50 to communicate between a source of inflation
media, e.g., a syringe (filled with inflation gas or fluid, such as saline, not shown) and an

interior of the balloon 20. Optionally, one or more additional lumens may be provided, e.g.,
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a guidewire or instrument lumen extending between a port 52b on the proximal end and an
outlet 17 on the distal end 14 (not shown).

In one embodiment the catheter 8 may have a substantially homogenous
construction between the proximal and distal ends 12, 14. Alternatively, the construction
may vary along the length of the catheter 8 to provide desired properties. For example, a
proximal portion of the tubular member 10 adjacent the proximal end 12 may be
substantially rigid or semi-rigid, e.g., providing sufficient column strength to allow the
distal end 14 of the catheter 8 to be pushed or otherwise manipulated from the proximal end
12, while the distal portion 24 may be substantially flexible.

As shown in FIG. 1, the balloon 20 may be mounted around the distal end 14, e.g.,
such that the tubular member 10 terminates in a tapered and/or otherwise atraumatic distal
tip 15. Alternatively, the balloon 20 may be mounted to the distal tip such that the balloon
20 extends partially or entirely distally beyond the distal end 14, e.g., similar to the
embodiment shown in FIGS. 2A-2D.

FIGS. 2A-2D show an exemplary embodiment of a balloon 20 that includes an outer
balloon membrane 22 and an internal supporting structure, e.g., a fiber network 30 including
a plurality of fibers 32. The membrane 22 generally includes inner surfaces 24 and outer
surfaces 26 and defines a substantially enclosed interior space 28. Generally, the balloon 20
is expandable between a compressed or delivery configuration (e.g., as shown in FIGS. 2C
and 2D), and an expanded configuration (e.g., as shown in FIGS. 2A and 2B).

The fiber network 30 is configured to limit expansion and/or deformation of the
membrane 22, e.g., to configure the balloon 20 in a predetermined shape when expanded.
For example, fibers 32 may be formed from substantially inelastic materials and their
lengths may be set to subject the fibers 32 to tension when the balloon is expanded to the
expanded configuration. The fiber network 30 may limit balloon expansion most in any
direction that is substantially parallel to the preponderant direction of the fibers 32.

For example, as shown in FIG. 2B, the fibers 32 extend from a first inner surface
24a across the interior space 28 to a second opposite inner surface 24b. In this manner, the
fiber network 30 may be configured to limit expansion of the balloon 20 in a single
direction, e.g., along a longitudinal axis of the fibers 32 when the balloon 20 is expanded
and the fibers 32 are subjected to tensile load, as can be seen in FIGS. 1A and 1B.

Optionally, the fiber network 30 may include multiple sets of fibers (not shown) that

limit expansion of the balloon 20 in multiple directions, e.g., as illustrated in FIGS. 3A-3C.
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As shown in FIG. 3A, if there is only one layer and all the fibers 32a of that layer
run in the same direction (e.g., along an x-axis), expansion is most limited in the direction
of the fibers (along the x-axis). If, as shown in FIG. 3B, the fibers 32a, 32b, 32¢ within a
particular layer run in multiple directions (e.g., along the x-axis, y-axis, or both axes),
expansion is limited in all directions lying within the plane of that layer. Further, as shown
in FIG. 3C, a multiple-layer fiber network may impose stricter limitations on the shape and
dimensions of the expanded balloon within a plane parallel to the layers (along the x-axis
and y-axis) than in the direction perpendicular to the layers (along the z-axis). The in-plane
expansion of a layered multi-direction (x-axis, y-axis, and z-axis) fiber network depends
largely on the elasticity of the fibers, whereas z-axis expansion depends on the elasticity,
stiffness and inter-connection distance.

The membrane 30 may be formed from substantially elastic or other impermeable
material depending on whether the balloon 20 is intended to be compliant or semi-
compliant, and/or depending on the intended shape and pressure requirements. The overall
shape of the balloon 20 may be configured based on the corresponding shape of a body |
structure being compressed and/or otherwise engaged by the balloon 20. For examplé, the
balloon 20 may be configured to provide a compression surface 26b in the expanded
configuration similar to a body structure to be compressed during a medical procedure.

Returning to FIGS. 2A-2D, a rectangular balloon 20 is shown that includes a
membrane 22 that includes a layer of adhesive on the inner surface 24, and a rectangular
mass of fibers 32 providing the fiber network 30. In addition, the balloon 20 includes an
inflation port 40 communicating with the interior space 28 to direct the balloon 20 between
the compressed configuration shown in FIGS. 2C and 2D and the expanded configuration
shown in FIGS. 2A and 2B, thereby providing the compression surface 26b. Upon
inflation, the internal pressure is distributed evenly through the compression surface, despite
the irregularity of the body structure being compressed.

The balloon 20 may be collapsed to the compressed configuration through the
combined effects of compression and suction. For example, a source of vacuum, e.g., a
syringe, suction line, and the like (not shown), may be coupled to the inflation port 40 (e.g.,
via the side port 52a shown in FIG. 1) and fluid aspirated from the interior space 28, thereby
causing the membrane 22 to collapse inwardly and compress or collapse the fibers 32 of the
fiber network 30. For example, if the fibers 32 are substantially inelastic yet flexible, the

fibers 32 may simply relax when tension is removed as the membrane 22 is drawn inwardly
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or if a multiple dimensional network is provided, the fibers may compress inwardly, similar
to a sponge compressing.

Conversely, when the balloon 20 is to be expanded, a source of inflation media, e.g.,
the same syringe, a fluid line, and the like (not shown), may be coupled to the inflation port
40 and fluid may be delivered into the interior space 28 to expand the membrane 22. When
the membrane 22 expands sufficiently, the fibers 32 may be subjected to tensile forces, e.g.,
thereby preventing further expansion of the membrane 22 if the fibers are substantially
inelastic.

To make the balloon 20, the fibers 32 of the fiber network may be bonded or
otherwise attached to the inner surface 24 of the membrane 22. In one embodiment, a layer
of adhesive (not shown) may be applied to the inner surface 24 and ends of the fibers 32
may be attached to the inner surface 24 such that the fibers 32 extend across the interior
space 28 in a desired manner. For example, opposites ends of the fibers 32 may be attached
to different locations of the inner surface 24, e.g., generally opposite one another or
otherwise to orient the fibers along a desired axis.

Alternatively, the fibers 32 may be bonded or otherwise coupled together to provide
a mass of fibers that are then inserted into the interior space 28 of the membrane 20 and
bonded collectively to the inner surface 24. In a further alternative, the fibers 32 may be
attached together within a porous material, e.g., a fabric and the like (not shown), to create
an encased fiber network 30, with the porous material providing an outer surface for the
fiber network 30 that may be attached to the inner surface 24 of the membrane 20.

In a further alternative, the interior space 28 of the balloon 20 may be substantially
filled with a sponge or other similar filler material having a predetermined relaxed shape
corresponding to the desired outer dimension of the balloon 20, yet resiliently compressible
inwardly similar to the fiber network described herein. For example, the filler material may
be formed from substantially inelastic material that prevents expansion beyond the relaxed
shape, yet allows the filler material to be compressed inwardly. In this alternative, an outer
surface of the filler material may be attached to the inner surface of the membrane 22 to
prevent separation of the membrane from the filler material. Thus, expansion of the
membrane 22 may be limited by the predetermined relaxed shape of the filler materia]:

The resulting balloon 20 may be attached to a catheter or other tubular member, such
as the catheter 8 shown in FIG. 1, to allow introduction into a patient’s body. For example,

the balloon 20 may be attached to the distal end 14 of the tubular member 10, e.g., such that
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the distal end 14 of the catheter 8 terminates on one end of the balloon 20, e.g., providing
the inflation port 40 shown in FIGS. 2A-2D.

Alternatively, the distal end 14 of the tubular member 10 may extend through the
balloon 20, e.g., as shown in FIG. 1. For example, the membrane 22 may include proximal
and distal ends that are attached to the catheter distal end 14 such that the ends are spaced
apart from one another. In this alternative, the fiber network 30 may be located within the
interior space 28 of the membrane 22 surrounding the catheter distal end 14. Optionally, the
fibers of the fiber network 30 may be coupled to the wall of the catheter distal end 14 in
addition to the inner surface 24 of the membrane 22.

In another alternative, the distal end 14 of the tubular member 10 may be coupled to
the proximal end of the membrane 22 and a separate tip member (riot shown) may be
coupled to and extend from the distal end of the membrane 22.

To make the balloon 20, one or more sections of membrane material may be formed
to define one or more sidewalls of the membrane 22, e.g., by molding as a single piece,
forming multiple sheets and then attaching them together, e.g., by bonding with adhesive,
sonic welding, fusing, and the like. The fiber network 30 may be placed within the interior
28 of the membrane 22 after forming one or more of the sidewalls, e.g., by omitting one of
the end walls and otherwise forming the rest of the membrane 22 to allow access to the
interior space 28. A layer of adhesive may be applied to one or more interior surfaces of the
membrane 22, e.g., opposite sidewalls, and the fiber network 30 may be positioned within
the interior space 28 such that ends of the fibers 32 become bonded to the interior surfaces
via the adhesive. In one embodiment, individual fibers 32 may be poSitioned and bonded to
the interior surfaces. In another embodiment, multiple fibers 32 may be assembled together,
e.g., as shown in FIGS. 3A-3C, and inserted together into the interior space 28 such that the
ends are bonded to the desired interior surfaces. Any remaining sidewalls may then be
attached to form the complete membrane 22. In an alternative embodiment, the fiber
netwovrk 30 may be positioned within the interior space 28 when the membrane 20 is
initially formed, e.g., by placing the fiber network 30 within a mold into which membrane
material is delivered to form the membrane 22 directly around the fiber network 30. In
another alternative, after forming the membrane 20, the interior space 28 may be accessed
through an opening in one of the sidewalls, e.g., a neck or other opening used to connect the
membrane 20 to the distal end 14 of the tubular member 10.
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During use, the balloon 20 may be introduced into a patient’s body in the
compressed configuration and positioned at a desired location, e.g., aligning one or more
sidewalls of the balloon 20 with a correspondingly shaped body structure. For example, the
distal end 14 may be introduced into a body lumen or cavity, e.g., via an access sheath,
guidewire, or other instrument (not shown) previously positioned from an access site into
the treatment location. If desired, the distal end 14 may be rotated and/or otherwise
manipulated to orient the sidewalls(s) of the balloon 20 towards a body structure at the
treatment location. Optionally, the distal 14 and/or balloon 20 may include one or more
markers, e.g., radiopaque markers and the like (not shown), to aid in manipulation of the
balloon 20 using external imaging, such as fluoroscopy.

Once properly positioned, the balloon 20 may be expanded to the expanded
configuration, e.g., to press the sidewall(s) of the balloon 20 against the body structure. In
exemplary embodiments, the balloon 20 may be used to apply pressure to the body
structure, e.g., with the irregularly shaped sidewall(s) applying a substantively uniform
pressure to the similarly shaped surface of the body structure. In addition, the balloon 20
may enhance apposition or contact with the body structure to provide additional treatments,.
e.g., deliver one or more drugs or agents from the sidewall(s) to the body structure, deliver
energy via the balloon 20, and the like. For example, the balloon 20 may carry one or more
treatment elements, e.g., coatings, porous members, electrodes, delivery devices, and the
like (not shown) that may be used to provide additional treatment.

Providing the internal support structure 30 within a compliant balloon 20 may limit

shape and/or size shape of the balloon 20 in the expanded configuration, allowing the

- balloon 20 to be inflated to relatively high pressures compared to conventional compliant

balloons. Without the internal support, high-pressure inflation of a compliant balloon may
cause it to expand uncontrollably wherever the body lumen is widest or weakest and/or can
risk rupture of the balloon.

Turning to FIGS. 4 and 5, in another application, the balloons and/or catheters
herein may be used to support a tubular graft or stent. FIG. 4 shows an exemplary
embodiment of an internally supported balloon 120, which may be constructed similar to
any of the embodiments herein, expanded within a tubular prosthesis 110, which may be a
stent, stent-graft, or other tubular device configured for implantation within a body lumen.

Several current devices employ inflatable rings or spirals to provide structural

support and enhance sealing, e.g., as demonstrated by the balloon 150 shown in FIG. 5
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including one or more rings 160. Like all balloons, each ring 160 has a circﬁlar Cross-
sectional profile with a depth (outer wall to inner wall) that matches its length (parallel to
the long-axis of the prosthesis). To minimize luminal impingement, the ring 160 has to be
relatively narrow.

In contrast, as shown in FIG. 4, the presence of a fiber support structure 130 withir
the interior of the balloon 120 allows the otherwise circular cross-sectional profile to
become rectangular. The' resulting supporting annular body may then become longer than it
is deep, which maximizes the length of the contact zone while minimizing luminal
impingement. Thus, the overall length and thickness of the balloon 120 may be set as
desired using the internal supporting structure, e.g., to correspond to the prosthesis 110
being supported.

While the invention is susceptible to various modifications, and alternative forms,
specific examples thereof have been shown in the drawings and are herein described in
detail. It should be understood that the invention is not to be limited to the particular forms
or methods disclosed, but to the contrary, the invention is to cover all modifications,

equivalents and alternatives falling within the scope of the appended claims.



10

15

20

25

30

84344203
-10 -

CLAIMS:

1. A tubular device for performing a medical procedure, comprising:

an elongate tubular member comprising a proximal end, a distal end sized for
mtroduction into a patient’s body, and a lumen extending between the proximal and distal ends;

an expandable member on the distal end comprising an outer impermeable membrane
with an inner surface surrounding a substantially enclosed interior space; and

a fiber network within the interior space coupled to the inner surface and configured to
limit expansion of the membrane when inflation media is directed into the interior space from the
lumen to expand the membrane to an expanded configuration,

characterized in that the fiber network comprises a plurality of fibers comprising opposite
ends coupled to the inner surface such that intermediate regions of the fibers extend at least
partially across the interior space and the fibers limit the membrane to adopting a non-circular or

non-cylindrical shape in the expanded configuration.

2. The tubular device of claim 1, wherein the membrane has at least one

substantially planar surface in the expanded configuration.

3. The tubular device of claim 1, wherein the fibers limit expansion of the
expandable member to a rectangular or other shape defining one or more substantially planar

walls.

4. The tubular device of claim 1, wherein the fiber network substantially fills the

interior space.

5. The tubular device of any one of claims 1-4, wherein the fibers extend
substantially parallel to one another when the membrane is expanded towards the expanded
configuration, thereby limiting expansion of one or more walls of the membrane in direction

along a longitudinal axis of the fibers.

6. The tubular device of any one of claims 1-5, wherein the plurality of fibers are

formed from substantially inclastic material.
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7. The tubular device of any one of claims 1-6, wherein the membrane is formed

from elastic material or the membrane is formed from substantially inelastic material.

8. The tubular device of any one of claims 1-4, wherein the fiber network includes
first and second sets of fibers oriented orthogonally relative to one another to limit expansion of

the membrane in at least two dimensions.

9. The tubular device of claim 8, wherein the first set of fibers include a first
plurality of fibers coupled to first and second opposite sides of the inner surface of the membrane
such that the first plurality of fibers extend substantially parallel to one another substantially

parallel to a first axis when the membrane is expanded to the expanded configuration.

10.  The tubular device of claim 9, wherein the second set of fibers include a second
plurality of fibers coupled to third and fourth opposite sides of the inner surface of the membrane
such that the second plurality of fibers extend substantially parallel to one another substantially

parallel to a second axis when the membrane is expanded to the expanded configuration.

11.  The tubular device of claim 10, wherein the second axis is substantially

perpendicular to the first axis.

12.  The tubular device of any one of claims 1-11, further comprising a source of
vacuum coupled to the proximal end and communicating via the lumen with the interior space,
the source of vacuum actuatable to apply sufficient vacuum to the interior space and compress
the membrane and the fiber network to a compressed configuration for introduction into a

patient’s body.

13.  The tubular device of claim 12, wherein the fiber network is configured to bias

the membrane towards the expanded configuration when the vacuum is discontinued.

14.  The tubular device of claim 12 or 13, further comprising a source of inflation
media coupled to the proximal end and communicating via the lumen with the interior space, the

source of inflation media actuatable to direct inflation media into the interior space to increase

Date Recue/Date Received 2022-12-08
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internal pressure and expand the membrane to the expanded configuration and, optionally,

wherein the source of vacuum and the source of inflation media are the same device.

15. A method for making a tubular device according to any one of claims 1-14,
comprising:

making the membrane by forming one or more sections of membrane material to define
one or more sidewalls of the membrane;

attaching opposite ends of the fibers to the inner surface of the membrane such that the
intermediate regions of the fibers extend across the interior space; and

mounting the balloon around a distal end of a tubular member.

16.  The method of claim 15, wherein attaching opposite ends of the fibers to the inner
surface comprises one of:

applying a layer of adhesive to the inner surface and attaching the ends of the fibers to the
inner surface;

bonding or otherwise coupling the fibers together to provide a mass of fibers that is then
mserted into the interior space of the membrane and bonded collectively to the inner surface; or

attaching the fibers together within a porous material to create an encased fiber network,
with the porous material providing an outer surface for the fiber network that is be attached to

the inner surface of the membrane.

17. A tubular device for performing a medical procedure, comprising:

an elongate tubular member comprising a proximal end, a distal end sized for
introduction into a patient’s body, and a lumen extending between the proximal and distal ends;

an expandable member on the distal end comprising an outer impermeable membrane
with an inner surface swrrounding a substantially enclosed interior space; and

a fiber network within the interior space coupled to the inner surface and configured to
limit expansion of the membrane when inflation media is directed into the interior space from the
lumen to expand the membrane to an expanded configuration,

wherein the fiber network comprises a plurality of fibers comprising opposite ends
coupled to the inner surface such that intermediate regions of the fibers extend across the interior
space and the fibers limit the membrane to adopting a rectangular or other shape defining one or

more substantially planar walls in the expanded configuration.

Date Recue/Date Received 2022-12-08
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18. A tubular device for performing a medical procedure, comprising:

an elongate tubular member comprising a proximal end, a distal end sized for
introduction into a patient’s body, and a lumen extending between the proximal and distal ends;

an expandable member on the distal end comprising an outer impermeable membrane
with an inner surface surrounding a substantially enclosed interior space; and

a fiber network within the interior space coupled to the inner surface and configured o
limit expansion of the membrane when inflation media is directed into the interior space from the
lumen to expand the membrane to a non-circular shape in an expanded configuration,

wherein the fiber network comprising a plurality of fibers comprising opposite ends
coupled to the inner surface such that intermediate regions of the plurality of fibers extend across
the interior space and the plurality of fibers limit the membrane to adopting a rectangular or
other shape defining one or more substantially planar walls extending between first and second

opposite ends of the expandable member in the expanded configuration.

19. A tubular device for performing a medical procedure, comprising:

an elongate tubular member comprising a proximal end, a distal end sized for
mtroduction into a patient’s body, and a lumen extending between the proximal end and the
distal end;

an expandable member on the distal end comprising an outer impermeable membrane
surrounding an enclosed interior space, the membrane comprising an inner first surface and an
inner second surface generally opposite the inner first surface; and

a fiber network within the interior space coupled to the inner first surface and the inner
second surface and configured to limit expansion of the membrane when an inflation media is
directed into the interior space from the lumen to expand the membrane to an expanded
configuration,

wherein the fiber network comprises a plurality of fibers comprising first ends coupled to
the inner first surface and second ends coupled to the inner second surface such that intermediate
regions of all of the plurality of fibers extend across the interior space substantially parallel to
one another when the membrane is expanded to the expanded configuration to limit expansion of

the membrane in a direction along a longitudinal axis of the plurality of fibers.

Date Recue/Date Received 2022-12-08
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20.  The tubular device of any one of claims 1-3 and 17, wherein the fiber network

substantially fills the interior space.

21. The tubular device of any one of claims 1-3, 17, and 18, wherein the fibers extend
substantially parallel to one another when the membrane is expanded towards the expanded
configuration, thereby limiting expansion of one or more walls of the membrane in direction

along a longitudinal axis of the fibers.

22.  The tubular device of any one of claims 1-3 and 17-21, wherein the plurality of

fibers are formed from substantially inelastic material.

23.  The tubular device of any one of claims 1-3 and 17-22, wherein the membrane is

formed from elastic material.

24.  The tubular device of any one of claims 1-3 and 17-22, wherein the membrane is

formed from substantially inelastic material.

25.  The tubular device of any one of claims 1-3 and 17-24, wherein the fiber network
includes first and second sets of fibers oriented orthogonally relative to one another to limit

expansion of the membrane in at least two dimensions.

26.  The tubular device of claim 25, wherein the first set of fibers include a first
plurality of fibers coupled to first and second opposite sides of the inner surface of the membrane
such that the first plurality of fibers extend substantially parallel to one another substantially

parallel to a first axis when the membrane is expanded to the expanded configuration.

27.  The tubular device of claim 26, wherein the second set of fibers include a second
plurality of fibers coupled to third and fourth opposite sides of the inner surface of the membrane
such that the second plurality of fibers extend substantially parallel to one another substantially

parallel to a second axis when the membrane is expanded to the expanded configuration.

28.  The tubular device of claim 27, wherein the second axis is substantially

perpendicular to the first axis.

Date Recue/Date Received 2022-12-08
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29.  The tubular device of any one of claims 1-3 and 17-28, further comprising a
source of vacuum coupled to the proximal end and communicating via the lumen with the
interior space, the source of vacuum actuatable to apply sufficient vacuum to the interior space
and compress the membrane and the fiber network to a compressed configuration for

mtroduction into a patient’s body.

30.  The tubular device of claim 29, wherein the fiber network is configured to bias

the membrane towards the expanded configuration when the vacuum is discontinued.

31.  The tubular device of claim 29 or 30, further comprising a source of inflation
media coupled to the proximal end and communicating via the lumen with the interior space, the
source of inflation media actuatable to direct inflation media into the interior space to increase

mternal pressure and expand the membrane to the expanded configuration.

32.  The tubular device of claim 31, wherein the source of vacuum and the source of

inflation media are the same device.

33.  The tubular device of claim 19, wherein the fiber network limits the membrane to

adopting a non-circular shape in the expanded configuration.

34.  The tubular device of claim 33, wherein a sidewall of the membrane defining one
of the inner first surface and the inner second surface of the membrane has a substantially planar

surface in the expanded configuration.

35.  The tubular device of claim 19, wherein the plurality of fibers are oriented for
limiting expansion of one or more sidewalls of the membrane to a substantially planar shape in a

direction substantially perpendicular to the longitudinal axis of the plurality of fibers.

36.  The tubular device of claim 19, wherein the plurality of fibers are formed from a

substantially inelastic material.

Date Recue/Date Received 2022-12-08
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37.  The tubular device of claim 19, wherein the membrane is formed from an elastic

material.

38. The tubular device of claim 19, wherein the membrane is formed from a

substantially inelastic material.

39.  The tubular device of claim 19, further comprising a source of vacuum coupled to
the proximal end and communicating via the lumen with the interior space, the source of vacuum
actuatable to apply sufficient vacuum to the interior space and compress the membrane and the

fiber network to a compressed configuration for introduction into the patient’s body.

40.  The tubular device of claim 39, wherein the fiber network is configured to bias

the membrane towards the expanded configuration when the vacuum is discontinued.

41.  The tubular device of claim 39, further comprising a source of inflation media
coupled to the proximal end and communicating via the lumen with the interior space, the source
of inflation media actuatable to direct inflation media into the interior space to increase internal

pressure and expand the membrane to the expanded configuration.

42.  The tubular device of claim 41, wherein the source of vacuum and the source of

mflation media are the same device.

43.  The tubular device of claim 19, wherein the membrane comprises proximal and
distal ends attached to the tubular member distal end such that the membrane proximal and distal
ends are spaced apart from one another, and wherein the plurality of fibers are spaced apart

within the interior space between the membrane proximal and distal ends.

44.  The tubular device of claim 19, wherein the membrane comprises a proximal end
and a distal end, and where the distal end of the tubular member is coupled to the membrane
proximal end such that the expandable member extends distally beyond the tubular member

distal end.

45. A tubular device for performing a medical procedure, comprising:

Date Recue/Date Received 2022-12-08
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an elongate tubular member comprising a proximal end, a distal end sized for
mtroduction into a patient’s body, and a lumen extending between the proximal end and the
distal end;

an expandable member comprising first and second opposite ends attached to the distal
end comprising an outer impermeable membrane surrounding an enclosed interior space, the
membrane comprising an inner first surface and an inner second surface generally opposite the
mner first surface; and

a fiber network within the interior space comprising:

a first plurality of fibers including first ends coupled to the inner first surface and second
ends coupled to the inner second surface such that all of the first plurality of fibers extend across
the interior space substantially parallel to one another when the membrane is expanded to an
expanded configuration to limit expansion of the membrane in a first direction along a
longitudinal axis of the first plurality of fibers, and

a second plurality of fibers, all of the second plurality of fibers oriented orthogonally
relative to the first plurality of fibers and extending across the interior space substantially parallel
to one another when the membrane is expanded to the expanded configuration to limit expansion
of the membrane in a second direction along a longitudinal axis of the second plurality of fibers
such that the membrane defines a plurality of substantially planar walls extending between the

first and second ends of the expandable member in the expanded configuration.

46.  The tubular device of claim 45, wherein opposite ends of the second plurality of

fibers are coupled to an inner third surface and an inner fourth surface of the membrane.

47.  The tubular device of claim 46, wherein the second direction is substantially

perpendicular to the first direction.

48. A tubular device for performing a medical procedure, comprising:

an elongate tubular member comprising a proximal end, a distal end sized for
troduction into a patient’s body, and a lumen extending between the proximal and distal ends;

an expandable member comprising first and second opposite ends attached to the distal
end and comprising an outer impermeable membrane with an inner surface surrounding a

substantially enclosed interior space; and
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a fiber network within the interior space configured to limit expansion of the membrane
when an inflation media is directed into the interior space from the lumen to expand the
membrane to an expanded configuration,

the fiber network comprising a plurality of fibers comprising opposite ends coupled to the
mner surface such that intermediate regions of the plurality of fibers extend across the interior
space and the plurality of fibers limit the membrane to adopting a non-cylindrical shape defining
one or more substantially planar walls extending between the first and second opposite ends in

the expanded configuration.

49.  The tubular device of claim 48, wherein the plurality of fibers are configured to
limit expansion of the expandable member to a shape defining the one or more of substantially
planar walls that comprises a plurality of substantially planar walls extending between the first

and second opposite ends of the expandable member.

Date Recue/Date Received 2022-12-08
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