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(54) Title: REINFORCED VALVE

(57) Abstract: The embodiments disclosed
herein relate to a valve that is configured to
be coupled to a stent. The valve may include

' I S a body, a rim, and an opening. The opening
may include three or more leaflets that are
configured to open and close. The valve may
further include a reinforcement member that
may be coupled to the rim. The reinforce
ment member may be formed of a mesh or
mesh-like material or may be made of a poly
meric film. The reinforcement member may
aid in preventing a stitching element from
tearing through the rim of the valve and may
be coupled to the inner diameter or the outer
diameter of the rim. The reinforcement mem
ber may also be molded within the rim.
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REINFORCED VALVE

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No.

61/772,929, titled REINFORCED VALVE, filed on March 5, 2013, which is hereby

incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to a valve that is to be used within a

stent or similar implantable device. More particularly, the present disclosure relates to

a valve which, in certain embodiments, comprises a reinforcement member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The embodiments disclosed herein will become more fully apparent from the

following description and appended claims, taken in conjunction with the accompanying

drawings. These drawings depict only typical embodiments, which will be described

with additional specificity and detail through use of the accompanying drawings in

which:

[0004] FIG. 1A is a perspective view of a valve, according to one embodiment of the

present disclosure.

[0005] FIG. 1B is another perspective view of the valve of FIG. 1A .

[0006] FIG. 1C is a cross-sectional view of a portion of the valve of FIG. 1B taken

along the view line 1C.

[0007] FIG. 1D is an enlarged view of a portion of the valve of FIG. 1C taken along

the view line 1D.

[0008] FIG. 1E is a perspective view of a valve in a closed configuration.

[0009] FIG. 1F is a cross-sectional view of a portion of the valve of FIG. 1E in a

closed configuration.

[0010] FIG. 1G is a perspective view of a valve in an antegrade open configuration.

[001 1] FIG. 1H is a cross-sectional view of a portion of the valve of FIG. 1G in an

antegrade open configuration.

[0012] FIG. 11is a perspective view of a valve in a retrograde open configuration.

[0013] FIG. 1J is a cross-sectional view of a portion of the valve of FIG. 11 in a

retrograde open configuration.

[0014] FIG. 2A is a perspective view of a valve, according to another embodiment of

the present disclosure.

[0015] FIG. 2B is another perspective view of the valve of FIG. 2A.



[0016] FIG. 2C is a cross-sectional view of a portion of the valve of FIG. 2B taken

along the view line 2C.

[0017] FIG. 3A is a perspective view of a valve, according to another embodiment of

the present disclosure.

[0018] FIG. 3B is another perspective view of the valve of FIG. 3A.

[0019] FIG. 3C is a cross-sectional view of a portion of the valve of FIG. 3B taken

along the view line 3C.

[0020] FIG. 4A is a perspective view of a valve, according to another embodiment of

the present disclosure.

[0021] FIG. 4B is another perspective view of the valve of FIG. 4A.

[0022] FIG. 4C is a cross-sectional view of a portion of the valve of FIG. 4B taken

along the view line 4C.

[0023] FIG. 5A is a perspective view of a valve, according to another embodiment of

the present disclosure.

[0024] FIG. 5B is another perspective view of the valve of FIG. 5A.

[0025] FIG. 5C is a cross-sectional view of a portion of the valve of FIG. 5B taken

along the view line 5C.

[0026] FIG. 6A is a perspective view of a valve, according to another embodiment of

the present disclosure.

[0027] FIG. 6B is another perspective view of the valve of FIG. 6A.

[0028] FIG. 6C is a cross-sectional view of a portion of the valve of FIG. 6B taken

along the view line 6C.

[0029] FIG. 7A is a front view of a stent incorporating a valve, according to one

embodiment of the present disclosure.

[0030] FIG. 7B is a cross-sectional view of the stent of FIG. 7A, taken along the view

line 7B.

[0031] FIG. 8A is a cross-sectional view of a stent incorporating a valve, according

to an embodiment of the present disclosure.

[0032] FIG. 8B is an enlarged view of a portion of the stent of FIG. 8A taken along

the view line 8B.

DETAILED DESCRIPTION

[0033] The various embodiments disclosed herein relate to a valve for placement in

a body lumen. As set forth in more detail below, the valve may comprise a body, a rim,

and an opening. In some embodiments, the opening may comprise three or more



leaflets that are configured to open and close. The valve may further comprise a

reinforcement member. The reinforcement member may be coupled to the inner

diameter or the outer diameter of the rim of the valve. The reinforcement member may

also be molded within the rim of the valve.

[0034] The reinforcement member may comprise a mesh or mesh-like material. The

mesh or mesh-like material may comprise a network of individual threads or wires. The

individual threads or wires may be formed of a tear-resistant material, such as a

polymeric and/or metal material. In some embodiments, the reinforcement member

may comprise a polymeric mesh. In other embodiments, the reinforcement member

may comprise a metal mesh. In yet other embodiments, the reinforcement member

may comprise a polymeric film.

[0035] Further disclosed herein are embodiments in which the valve may be coupled

to the inner diameter or inner lumen of a stent or similar implantable device. In some

embodiments, a stitching element such as a suture may be used. The stitching

element may be configured such that it passes through a wall of the stent and through

the rim of the valve. The stitching element may further pass through the reinforcement

member. In some embodiments, the reinforcement member may aid in preventing the

stitching element from tearing through the rim of the valve.

[0036] Though many of the examples provided herein refer to valves and stents

configured for use within the esophagus, the present disclosure is also applicable to

valves designed for a variety of other applications with stents or similar implantable

devices configured to be disposed in various lumens of the body.

[0037] Embodiments may be best understood by reference to the drawings, wherein

like parts are designated by like numerals throughout. It will be readily understood that

the components of the present disclosure, as generally described and illustrated in the

drawings herein, could be arranged and designed in a wide variety of different

configurations. Thus, the following more detailed description of the embodiments of the

apparatus is not intended to limit the scope of the disclosure, but is merely

representative of possible embodiments of the disclosure. In some cases, well-known

structures, materials, or operations are not shown or described in detail. While the

various aspects of the embodiments are presented in drawings, the drawings are not

necessarily drawn to scale unless specifically indicated.

[0038] The phrases "connected to," "coupled to," and "in communication with" refer

to any form of interaction between two or more entities, including but not limited to



mechanical, electrical, magnetic, electromagnetic, fluid, and thermal interaction. Two

components may be coupled to each other even though they are not in direct contact

with each other. For example, two components may be coupled to each other through

an intermediate component.

[0039] The terms "proximal" and "distal" refer to opposite ends of a medical device,

including the devices disclosed herein. As used herein, the proximal end of a medical

device is the end nearest a practitioner during use, while the distal end is the opposite

end. For example, in the case of a valve disposed within an esophageal stent -

deployed through the mouth of a patient - the proximal end will be nearer the head of

the patient and the distal end nearer the abdomen.

[0040] FIGS. 1A-1 J are illustrative views of an embodiment of a valve 100 according

to the present disclosure. As shown in FIG. 1A, the valve 100 may comprise a body

105, a rim 110, and an opening 115 . The rim 110 may be disposed at a first end of the

valve 100, and the opening 115 may be disposed at a second end of the valve 100.

For example, in some embodiments the rim 110 may be disposed at a proximal end of

the valve 100, and the opening 115 may be disposed at a distal end of the valve 100.

The body 105 may be disposed such that it extends between the rim 110 and the

opening 115.

[0041] The shape and size of the valve 100 may vary depending on the size of the

stent for which the valve 100 is configured. For example, a relatively large stent may

require a relatively large valve 100, whereas a relatively small stent may require a

relatively small valve 100.

[0042] The valve 100 may be substantially conical or funnel-like in shape. For

example, the rim 110 of the valve 100 may be substantially cylindrical in shape, and the

body 105 may be configured such that it tapers inwardly as it extends from the rim 110

to the opening 115 .

[0043] Other properties of the valve 100 may also be varied depending on the

desired characteristics of the valve 100. For example, the thicknesses of the body 105,

the rim 110, and the opening 115 may be varied to provide the valve 100 with a desired

strength and flexibility. For example, greater thicknesses in the body 105, the rim 110,

and the opening 115 may result in a relatively stiffer and stronger valve 100, whereas

lesser thicknesses in the body 105, the rim 110, and the opening 115 may result in a

relatively softer and weaker valve 100. Greater thicknesses in the body 105, the rim

110, and the opening 115 may also result in a relatively less flexible valve 100, whereas



lesser thicknesses in the body 105, the rim 110, and the opening 115 may result in a

relatively more flexible valve 100.

[0044] In some embodiments, the thickness of the body 105, the rim 110, and the

opening 115 may vary in relation to each other. For example, in some embodiments,

the thicknesses of the rim 110 and opening 115 may be greater than the thickness of

the body 105. Configuring the valve 100 in this manner may provide added strength

and support to the proximal and distal ends of the valve 100 while maintaining sufficient

flexibility through the body 105. In other embodiments, the thicknesses of the body

105, the rim 110, and the opening 115 may be substantially the same.

[0045] In some embodiments, the rim 110 may be configured to provide strength

and support to the valve 100. The rim 110 may also be configured to provide a location

at which the valve 100 may be coupled to a stent. As shown in FIG. 1A, the rim 110

may comprise a wall 113 that comprises a proximal end 111 and a distal end 112 . In

some embodiments, the proximal end 111 may be disposed such that it is the most

proximal end of the valve 100. As set forth in more detail below, the rim 110 may be

coupled to a stent by a stitching element.

[0046] As further shown in FIG. 1A, the opening 115 may comprise three leaflets

116, 117, 118 . However, additional leaflets are also contemplated. For example, in

some embodiments, the opening 115 may comprise four, five, or six or more leaflets.

In some embodiments, the leaflets 116, 117, 118 may be configured to open and close

the valve 100. For example, the leaflets 116, 117, 118 may engage, coapt, or

otherwise abut one another to close the valve 100. While the leaflets 116, 117, 118

engage, coapt, or otherwise abut one another, flow through the valve 100 may be

restricted, and in some instances prohibited. The leaflets 116, 117, 118 may also be

configured to disengage or otherwise separate from one another to open the valve 100.

When the leaflets 116, 117, 118 are disengaged or separated, flow is allowed to pass

through the valve 100. As set forth in more detail below, the leaflets 116, 117, 118 may

be configured to open and close in response to various forces acting upon the valve

100.

[0047] The length of the leaflets 116, 117, 118 may affect their ability to engage,

coapt, or otherwise abut one another to adequately close the valve 100. In some

embodiments, the length of the leaflets 116, 117, 118 may be from about 1 mm to

about 15 mm. In other embodiments, the length of the leaflets 116, 117, 118 may be

from about 4 mm to about 11 mm. In yet other embodiments, the length of the leaflets



116, 117, 118 may be from about 7 mm to about 9 mm. The length of the leaflets 116,

117, 118 may also vary depending on the length of the valve 100. For example, a valve

100 that is about 19 mm long may comprise leaflets 116, 117, 118 that are about 7 mm

long, and a valve 100 that is about 23 mm long may comprise leaflets 116, 117, 118

that are about 9 mm long. Other lengths may also be used.

[0048] The thickness of the leaflets 116, 117, 118 may also affect their ability to

interact with one another to open and close the valve 100. In some embodiments, the

thickness of the leaflets 116, 117, 118 may be from about 0.1 mm to about 3 mm. In

other embodiments, the thickness of the leaflets 116, 117, 118 may be from about 0.5

mm to about 2.5 mm. In other embodiments, the thickness of the leaflets 116, 117, 118

may be from about 1.9 mm to about 2.3 mm. The thickness of the leaflets 116, 117,

118 may also vary depending on the length of the valve 100. For example, a valve 100

that is about 19 mm long may comprise leaflets 116, 117, 118 that are about 1.9 mm

thick, and a valve 100 that is about 23 mm long may comprise leaflets 116, 117, 118

that are about 2.3 mm thick. Other thicknesses may also be used.

[0049] As further shown in FIG. 1A, the valve 100 may comprise a reinforcement

member 125. The illustrated reinforcement member 125 may be representative of any

mesh or mesh-like material, including fine and/or very fine mesh or mesh-like materials.

The reinforcement member 125 may be coupled to the rim 110 of the valve 100. The

reinforcement member 125 may be coupled to the rim 110 in a variety of ways. For

example, in some embodiments, the reinforcement member 125 may be bonded or

otherwise adhered to the rim 110 via a bonding or adhesive agent. In other

embodiments, the reinforcement member 125 may be integral with the rim 110 . For

example, the reinforcement member 125 may be molded to the rim 110 . The

reinforcement member 125 may be either partially or completely molded within the rim

110 . In still other embodiments, the reinforcement member 125 may be neither bonded

to the rim 110 nor molded to or within the rim 110; rather, the reinforcement member

125 may be disposed adjacent to the rim 110 and thereafter coupled to the rim 110 via

a stitching element. In some embodiments, the stitching element may also be used to

couple the valve 100 to a stent.

[0050] The reinforcement member 125 may be coupled to the rim 110 in variety of

locations. For example, as shown in FIG. 1A, the reinforcement member 125 may be

coupled to the outer diameter of the rim 110 . In other embodiments, the reinforcement

member 125 may be coupled to the inner diameter of the rim 110 . In yet other



embodiments, the reinforcement member 125 may be coupled to neither the outer nor

the inner diameter of the rim 110; rather, the reinforcement member 125 may be

molded within the rim 110 . In still other embodiments, the reinforcement member 125

may be only partially molded within the rim 110.

[0051] In some embodiments, one or more dimensions of the reinforcement member

125 may be constrained within one or more dimensions of the rim 110 . For example,

as shown in FIG. 1A, the reinforcement member 125 is disposed within the length DL of

the rim 110. In some embodiments, the reinforcement member 125 may be disposed

between the proximal end 111 and the distal end 112 of the rim 110 . In some

embodiments, the reinforcement member 125 may further be configured such that it

does not extend beyond either the proximal end 111 or the distal end 112 of the rim

110 . In other embodiments, the reinforcement member 125 need not be constrained

within the length DL of the rim 110; rather, the reinforcement member 125 may be

configured such that it may extend beyond either or both of the proximal end 111 and/or

the distal end 112 of the rim 110 .

[0052] The reinforcement member 125 may be made of a variety of materials. For

example, in some embodiments, the reinforcement member 125 may comprise a mesh

or mesh-like material. The mesh or mesh-like material may comprise a network of

individual interconnected threads. In some embodiments, the threads may comprise a

polymeric material.

[0053] The density or number of threads in the mesh or mesh-like material may vary

as desired. In some embodiments, the density of the mesh or mesh-like material may

be between about 135 and about 425 ends per inch (i.e., 135-425 mesh). In other

embodiments, the density of the mesh or mesh-like material may be between about 185

and about 375 ends per inch (i.e., 185-375 mesh). In other embodiments, the density

of the mesh or mesh-like material may be between about 235 and about 325 ends per

inch (i.e., 235-325 mesh). In other embodiments, the density of the mesh or mesh-like

material may be as low as 10 ends per inch (i.e., 10 mesh). Alternatively, the number

of threads per inch could also be so great that the mesh or mesh-like material may be

film-like or similar to a film. Further, as discussed below, in some embodiments, a film

may be used.

[0054] In some embodiments, the mesh or mesh-like material may comprise a

network of individual interconnected wires. The wires may comprise a metal material.

For example, in some embodiments the wires may comprise a shape-memory metal



such as Nitinol®. In some embodiments, the wires may comprise stainless steel. In yet

other embodiments, the mesh or mesh-like material may comprise a combination of

individual interconnected threads or wires comprising both metal and polymeric

materials.

[0055] Additional types of reinforcement members 125 (e.g., not mesh or mesh-like

materials) may be used. For example, in some embodiments, the reinforcement

member 125 may comprise a polymeric film. The polymeric film may comprise a

polymer having a greater tensile and/or tear strength than the material used in forming

the body 105, the rim 110, and/or the opening 115 of the valve 100. Thus, the

polymeric film may provide strength and reinforcement to the rim 110 . In some

embodiments, the reinforcement member 125 may further aid in keeping the stitching

element from tearing through the rim 110 of the valve 100.

[0056] In some embodiments, the valve 100, including the reinforcement member

125, may be configured such that it is not irreparably damaged when it is coupled to a

stent that is crimped by a deployment device. As such, in some embodiments, the

valve 100, including the reinforcement member 125, may substantially retain its shape

and structure after the stent to which the valve 100 is coupled is deployed from a

deployment device. In some embodiments, the valve 100, including the reinforcement

member 125, may substantially retain its shape and structure after being crimped inside

a stent within a deployment device for a period of up to about 24 hours. In other

embodiments, the valve 100, including the reinforcement member 125, may

substantially retain its shape and structure after being crimped inside a stent within a

deployment device for a period of up to about 12 hours. In yet other embodiments, the

valve 100, including the reinforcement member 125, may substantially retain its shape

and structure after being crimped inside a stent within a deployment device for a period

of up to about six hours.

[0057] FIG. 1B is another perspective view of the valve 100 of FIG. 1A showing a

portion of the inside of the valve 100. As shown in FIG. 1B, the valve 100 may

comprise a body 105, a rim 110, and an opening 115 . The valve 100 may further

comprise a reinforcement member 125 coupled to the outer diameter of the rim 110 .

[0058] As further shown in FIG. 1B, the body 105 of the valve 100 may comprise an

outer surface 103 and an inner surface 104. The outer surface 103 faces the outside of

the valve 100 and may be configured such that it may be substantially convex. The

inner surface 104 faces the inside of the valve 100 and may be configured such that it



is substantially concave. The outer and inner surfaces 103, 104 may each be

configured such that they are substantially smooth.

[0059] FIG. 1C is a cross-sectional view of the valve 100 of FIG. 1B taken along line

1C. Many of the structural features and aspects of the valve 100 described above are

further evident in this cross-sectional view. For example, as shown in FIG. 1C, the

body 105 of the valve 100 may taper inwardly from the rim 110 to the opening 115 . The

nature of the outer and inner surfaces 103, 104 is also depicted. For example, the

outer surface 103 may be substantially convex, while the inner surface 104 may be

substantially concave.

[0060] The varying thicknesses of the body 105, the rim 110, and the opening 115

are further shown in FIG. 1C. As shown therein, the thicknesses of the rim 110 and

opening 115 may be configured such that they are greater than the thickness of the

body 105. Thus the valve 100 may be configured such that it has added structural

strength and support in the rim 110 and the opening 115 while remaining relatively

flexible in the body 105.

[0061] FIG. 1D is a close-up of a portion of the cross-section of FIG. 1C. As shown

therein, the reinforcement member 125 may be coupled to the outer diameter of the rim

110 . As further shown, the reinforcement member 125 may be constrained within the

rim 110 and may be disposed such that it does not extend beyond the proximal and

distal ends 111, 112 of the rim 110 . The reinforcement member 125 is further disposed

such that it is within the length DL of the rim 110 . FIG. 1D further shows a

reinforcement member 125 comprising a mesh or mesh-like material that comprises

individual threads or wires 126. As set forth above, these threads or wires 126 may be

part of a network of threads or wires 126 that may interconnect to form the mesh or

mesh-like material.

[0062] As shown in FIGS. 1E-1J, the valve 100 may be configured such that it is a

two-way valve 100. Accordingly, the valve 100 may be configured to allow passage of

flow in both the antegrade and retrograde directions (i.e., antegrade flow and retrograde

flow). The valve 100 may have three primary configurations - a closed configuration

(FIGS. 1E and 1F), an antegrade open configuration (FIGS. 1G and 1H), and a

retrograde open configuration (FIGS. 11and 1J).

[0063] FIGS. 1E and 1F show the valve 100 in a closed configuration. Specifically,

FIG. 1E is a perspective view of the valve 100 in the closed configuration and FIG. 1F is

a cross-sectional view of the valve 100 in the closed configuration. It is contemplated



that the closed configuration is the normal configuration of the valve 100. Accordingly,

the valve 100 may be configured such that it is in the closed configuration when it is at

rest or otherwise substantially free from external forces in the antegrade and retrograde

directions (i.e., antegrade force and retrograde force). The valve 100 may also be

configured such that it is biased toward the closed configuration. As such, the valve

100 may return to the closed configuration after an external antegrade or retrograde

force is removed from the valve 100.

[0064] As shown in FIGS. 1E and 1F, in the closed configuration, the opening 115 of

the valve 100 is closed. In the closed configuration, the leaflets 116, 117, 118 may be

configured to engage, coapt, or otherwise abut with one another to close the valve 100.

Thus, flow through the valve 100 may be restricted, and in some instances prohibited,

by the leaflets 116, 117, 118 when the valve 100 is in the closed configuration. As

further shown in FIGS. 1E and 1F, when the valve 100 is in the closed configuration,

the inner surface 104 of the body 105 may be substantially concave, and the outer

surface 103 of the body 105 may be substantially convex.

[0065] FIGS. 1G and 1H show the valve in an antegrade open configuration.

Specifically, FIG. 1G is a perspective view of the valve 100 in the antegrade open

configuration and FIG. 1H is a cross-sectional view of the valve 100 in the antegrade

open configuration. As shown in FIGS. 1G and 1H, in the antegrade open

configuration, the opening 115 of the valve 100 is open. In the antegrade open

configuration, the leaflets 116, 117, 118 may be configured such that they no longer

engage, coapt, or otherwise abut one another like they do in the closed configuration.

Rather, at least a portion of the leaflets 116, 117, 118 may be disengaged, spaced

apart, or otherwise separated from one another.

[0066] The valve 100 may be opened to the antegrade open configuration in

response to a force in the antegrade direction FA (i.e., an antegrade force). As an

antegrade force FA is applied to the valve 100, the leaflets 116, 117, 118 may be forced

outwardly thus allowing antegrade flow to pass through the opening 115 of the valve

100. As previously discussed, when the antegrade force FA is removed, the biasing of

the valve 100 may cause the valve 100 to return to the closed configuration.

[0067] As further shown in FIGS. 1G and 1H, when the valve 100 is in the antegrade

open configuration, the inner surface 104 of the body 105 may be substantially

concave, and the outer surface 103 of the body 105 may be substantially convex.



[0068] FIGS. 11and 1J show the valve 100 in the retrograde open configuration.

Specifically, FIG. 11 is a perspective view of the valve 100 in the retrograde open

configuration and FIG. 1J is a cross-sectional view of the valve 100 in the retrograde

open configuration. As shown in FIGS. 11and 1J, in the retrograde open configuration,

the opening 115 of the valve 100 is open. In the retrograde open configuration, the

leaflets 116, 117, 118 may be configured such that they no longer engage, coapt, or

otherwise abut one another like they do in the closed configuration. Rather, at least a

portion of the leaflets 116, 117, 118 may be disengaged, spaced apart, or otherwise

separated from one another.

[0069] The valve 100 may be opened to the retrograde open configuration in

response to a force in the retrograde direction FR (i.e., a retrograde force). As a

retrograde force FR is applied to the valve 100, the leaflets 116, 117, 118 are initially

pushed inwardly against one another. If the retrograde force FR is sufficiently strong,

the body 105 and the leaflets 116, 117, 118 of the valve 100 may become inverted.

Thus, as shown in FIGS. 11and 1J, when the valve 100 is fully opened in response to

the retrograde force FR, the body 105 and the leaflets 116, 117, 118 may extend

proximally, or upwardly, thereby allowing retrograde flow to pass through the valve 100.

As further shown in FIGS. 11and 1J, when the valve 100 is in the retrograde open

configuration, the inner surface 104 of the body 105 is inverted such that it is

substantially convex, and the outer surface 103 of the body 105 is inverted such that it

is substantially concave. When the retrograde force FR is removed, the biasing of the

valve 100 may cause the valve 100 to return to the closed configuration.

[0070] The valve 100 may transition from the closed configuration to the antegrade

open configuration and back to the closed configuration without damaging any of the

components of the valve 100. Similarly, the valve 100 may transition from the closed

configuration to the retrograde open configuration and back to the closed configuration

without damaging any of the components of the valve 100.

[0071] Different amounts of force may be required to transition the valve 100 from

the closed configuration to the antegrade and retrograde open configurations. For

example, the magnitude of the antegrade force FA required to transition the valve 100

from the closed configuration to the antegrade open configuration may be substantially

less than the magnitude of retrograde force FR required to transition the valve 100 from

the closed configuration to the retrograde open configuration.



[0072] In some embodiments the magnitude of the antegrade force FA required to

transition the valve 100 to the antegrade open configuration may be relatively low, while

the magnitude of retrograde force FR required to transition the valve 100 to the

retrograde open configuration may be relatively high. The valve 100 may therefore be

configured to easily allow flow to pass in the antegrade direction (i.e., antegrade flow),

while substantially blocking flow from passing in the retrograde direction (i.e.,

retrograde flow). For example, in some embodiments, forces as low as 0.7 mmHg may

be sufficient to transition the valve 100 from the closed configuration to the antegrade

open configuration thereby allowing an antegrade flow rate of at least 140 ml/min. The

valve 100 may also be configured such that it can withstand pressures of up to 30

mmHg or higher in the retrograde direction prior to transitioning from the closed

configuration to the retrograde open configuration.

[0073] The amount of force required to transition the valve 100 from the closed

configuration to the antegrade and retrograde open configurations may be controlled by

varying the properties of the valve 100. For example, the material used to form the

body 105, the rim 110, and the opening 115 may be varied to increase or decrease the

forces required to transition or open the valve 100. In some embodiments, the amount

of force required to transition or open the valve 100 may also be adjusted by varying

the thicknesses of the body 105, the opening 115 and/or the leaflets 116, 117, 118 .

The length of the leaflets 116, 117, 118 may also be varied to change the amount of

force required to transition or open the valve 100.

[0074] FIGS. 2A-2C are views of another embodiment of a valve 200 according to

the present disclosure. The valve 200 can, in certain respects, resemble components

of the valve 100 described in connection with FIGS. 1A-1 J above. It will be appreciated

that the illustrated embodiments may have analogous features. Accordingly, like

features are designated with like reference numerals, with the leading digits

incremented to "2." (For instance, the valve is designated " 100" in FIG. 1, and an

analogous valve is designated as "200" in FIG. 2.) Relevant disclosure set forth above

regarding similarly identified features thus may not be repeated hereafter. Moreover,

specific features of the valve 200 and related components shown in FIGS. 2A-2C may

not be shown or identified by a reference numeral in the drawings or specifically

discussed in the written description that follows. However, such features may clearly

be the same, or substantially the same, as features depicted in other embodiments

and/or described with respect to such embodiments. Accordingly, the relevant



descriptions of such features apply equally to the features of the valve of FIGS. 2A-2C.

Any suitable combination of the features, and variations of the same, described with

respect to the valve 100 and components illustrated in FIGS. 1A-1J, can be employed

with the valve 200 and components of FIGS. 2A-2C, and vice versa. This pattern of

disclosure applies equally to further embodiments depicted in subsequent figures and

described hereafter.

[0075] As shown in FIGS. 2A-2C, the valve 200 may comprise a body 205, a rim

2 10, and an opening 215. The opening 215 may comprise three leaflets 2 16, 2 17, 2 18 .

As further illustrated, the valve 200 may further comprise a reinforcement member 225.

In contrast to the reinforcement member 125 of FIGS. 1A-1J, the reinforcement

member 225 of FIGS. 2A-2C may be coupled to the inner diameter of the rim 2 10 .

Coupling the reinforcement member 225 to the inner diameter of the rim 210 may be

accomplished in any of the ways previously discussed. For example, the reinforcement

member 225 may be bonded or molded to the inner diameter of the rim 2 10 . The

reinforcement member 225 may also be coupled to the inner diameter of the rim 2 10 by

a stitching element.

[0076] FIGS. 3A-3C show another embodiment of a valve 300 according to the

present disclosure. As illustrated therein, the valve 300 may comprise a body 305, a

rim 310, and an opening 3 15 . The opening 3 15 may comprise three leaflets 3 16, 317,

3 18 . As further illustrated in FIGS. 3A-3C, the valve 300 may further comprise a

reinforcement member 325 coupled to the rim 3 10 . In contrast to the reinforcement

member 125 of FIGS. 1A-1J, the reinforcement member 325 may be coupled to the

inside of the rim 3 10 . As set forth above, the reinforcement member 325 may be

coupled to the inside of the rim 310 by being molded within the rim 3 10 . This is further

shown in the cross-section of FIG. 3C, where each of the individual threads or wires

326 is disposed within the rim 3 10 .

[0077] FIGS. 4A-4C show yet another embodiment of a valve 400 according to the

present disclosure. As illustrated therein, the valve 400 may comprise a body 405, a

rim 410, and an opening 4 15 . The opening 4 15 may comprise three leaflets 4 16, 417,

4 18 . The valve 400 may further comprise a reinforcement member 425 coupled to the

rim 4 10 . As shown in FIGS. 4A-4C, the reinforcement member 425 may comprise a

polymeric film. As further shown in FIGS. 4A-4C, the polymeric film may be coupled to

the outer diameter of the rim 4 10 .



[0078] FIGS. 5A-5C show yet another embodiment of a valve 500 according to the

present disclosure. As illustrated therein, the valve 500 may comprise a body 505, a

rim 510, and an opening 5 15 . The opening 5 15 may comprise three leaflets 5 16, 517,

5 18 . The valve 500 may further comprise a reinforcement member 525 coupled to the

rim 5 10 . As further shown in FIGS. 5A-5C, the reinforcement member 525 may

comprise a polymeric film. In contrast to the embodiment of FIGS. 4A-4C, the

polymeric film in FIGS. 5A-5C may be coupled to the inner diameter of the rim 5 10 .

[0079] FIGS. 6A-6C show yet another embodiment of a valve 600 according to the

present disclosure. As illustrated therein, the valve 600 may comprise a body 605, a

rim 610, and an opening 6 15 . The opening 6 15 may comprise three leaflets 6 16, 617,

6 18 . The valve 600 may further comprise a reinforcement member 625 coupled to the

rim 6 10 . As further shown in FIGS. 6A-6C, the reinforcement member 625 may

comprise a polymeric film. In contrast to the embodiment of FIGS. 4A-4C, the

polymeric film in FIGS. 6A-6C may be coupled to or otherwise disposed within the

inside of the rim 6 10 . As set forth above, the reinforcement member 625 may be

coupled or otherwise disposed to the inside of the rim 6 10 by being molded within the

rim 6 10 .

[0080] Disclosed herein are also embodiments in which the valve is coupled to a

stent or similar implantable device. For example, the valve may be coupled to an

esophageal stent. An esophageal stent may be an implantable device configured for

placement in a lumen of the esophagus to treat, for example, a stricture, a closure, a

blockage or an occlusion of the esophagus. The esophageal stent may be configured

to resist stricture and otherwise function to maintain patency of the esophagus.

Additionally, the stent may comprise a variety of components, and the parameters of

these components (e.g., shape, length, thickness, position, etc.) may be configured to

provide the stent with certain properties. For example, the stent may be configured to

distribute transverse loads or to change shape in response to certain forces.

[0081] Referring to FIG. 7A, a side view of a stent 750 configured with a valve 700

according to the present disclosure, the stent 750 may be formed of a suitable material

configured with a scaffolding structure 751 or mesh and formed into a tube having a

substantially cylindrical shape with a lumen therethrough. The scaffolding structure 751

may be constructed of a memory material, such as Nitinol®, including ASTM F2063.

[0082] The thickness of the scaffolding structure 751 may be between about 0.30

mm and about 0.60 mm. In other embodiments, the thickness of the scaffolding



structure 751 may be between about 0.35 mm and about 0.55 mm. In other

embodiments, the thickness of the scaffolding structure 751 may be between about

0.40 mm and about 0.50 mm. In other embodiments, the thickness of the scaffolding

structure 751 may be about 0.45 mm.

[0083] As illustrated best in FIG. 7A, the scaffolding structure 751 may be formed of

multiple annular segments 752 (or rings) disposed on a circumference and defining at

least a portion of the generally cylindrical shape of the scaffolding structure 751 . Each

annular segment 752 may comprise a plurality of interconnected strut arms 753. For

example, the strut arms 753 may be connected such that they form a zigzag pattern,

defining alternating "peaks" and "valleys," around the annular segment 752. (As used

herein, "peaks" refer to the relative high points and "valleys" refer to the relative low

points where strut arms 753, arranged in a zigzag pattern, connect. In other words, the

peaks and valleys may be relative to one end 754, 755 of the stent 750, rather than

relative to the circumference of the stent 750.) In some embodiments adjacent strut

arms 753 may form acute angles relative to each other.

[0084] The adjacent annular segments 752 may be arranged in rows around a

longitudinal axis AL of the generally cylindrical shape of the scaffolding structure 751 .

The rows may be arranged in the longitudinal direction of the generally cylindrical

shape of the scaffolding structure 751 . Adjacent annular segments 752 may be

coupled to each other by connectors 756.

[0085] The components and elements of the scaffolding structure 751 , including the

annular segments 752, the strut arms 753, and the connectors 756, may be configured

to balance transverse forces applied to the scaffolding structure 751 , for example, to

reduce the incidence of infolding. The components and elements of the scaffolding

structure 751 may be configured to allow at least a portion of the scaffolding structure

751 to decrease in diameter in response to an axial force applied to the scaffolding

structure 751 , for example to enable sheathing of the stent 750 in a deployment device

and/or retrieval of the stent 750.

[0086] Some example embodiments of a scaffolding structure 751 are disclosed in

U.S. Patent Application No. 10/288,61 5 (issued as U.S. Patent No. 7,527,644) and U.S.

Patent Application No. 13/285,358, which are hereby incorporated herein by reference

in their entirety.

[0087] As will be appreciated, the entire stent 750 may be defined by an integrally

formed scaffolding structure 751 . In other embodiments, the scaffolding structure 751



may form merely a portion of the stent 750, such as all or a portion of a proximal region

(or a mid-body) and/or all or a portion of a distal region (or a flared region), and other

portions of the stent 750 may be formed by another structure and/or material, such as

woven Nitinol® wire mesh that may be coupled to the laser cut scaffolding structure 751

through a winding or weaving process.

[0088] The scaffolding structure 751 may be coated, or otherwise be enclosed in a

cover 760 formed of a flexible material. The cover 760 may be elastomeric, polymeric,

or comprised of any other material known in the art. In some embodiments, the cover

760 may include polyurethane, while in certain embodiments the cover may be

comprised only of polyurethane. In some embodiments, the cover 760 may include

silicone, while in certain embodiments the cover may be comprised only of silicone. In

some embodiments, an internal surface of the cover may be coated with a hydrophilic

layer. Some example embodiments of coverings are disclosed in U.S. Patent

Application No. 10/669,450 (issued as U.S. Patent No. 7,637,942), U.S. Patent

Application No. 10/71 8,217 (issued as U.S. Patent No. 7,959,671 ) , and U.S. Patent

Application No. 12/61 6,455 (issued as U.S. Patent No. 8,206,436), all of which are

hereby incorporated herein by reference in their entirety.

[0089] As further shown in FIG. 7A, the valve 700 may be coupled to an inside

diameter or inner lumen of the stent 750. Thus, the valve 700 is not directly visible in

the illustrated embodiment of FIG. 7A, though its position is indicated by a reference

line. A stitching element 765 such as a suture may be used to secure the valve 700 to

the inner diameter of the stent 750. For example, the stitching element 765 may secure

the valve 700 to strut arms 753 of the scaffolding structure 751 of the stent 750. In

another embodiment, the stitching element 765 may secure the valve 700 to the cover

760 of the stent 750. The stitching element 765 may further be configured and/or

positioned to pass through the rim and the reinforcement member of the valve 700. In

another embodiment, a plurality of ties may be used to secure the valve 700 to the

inner diameter of the stent 750.

[0090] In the case of esophageal stents, the valve 700 may be positioned such that

the opening is disposed at the distal end of the valve 700 toward the stomach while the

rim is disposed at the proximal end of the valve 700 toward the mouth. In this

orientation, the valve 700 may more readily open to allow food to pass to the stomach,

but generally will prevent reflux from the stomach, except in response to a relatively

large force - for instance when a patient belches or vomits.



[0091] FIG. 7B shows a cross-sectional view of the stent 750 of FIG. 7A taken along

the view line 7B. As shown therein, the stent 750 is configured such that the valve 700

is coupled to its inner diameter.

[0092] FIG. 8A shows a cross-sectional view of a stent 850 configured with a valve

800 according to the present disclosure. As shown therein, the valve 800 may be

coupled to the inner diameter of the stent 850 by a stitching element 865. FIG. 8B is a

close-up of a portion of the stent of FIG. 8A. As shown therein, the stitching element

865 may be configured such that it passes through a wall 857 of the stent 850 and the

rim 8 10 of the valve 800. The stitching element 865 may further pass through the

reinforcement member 825. In some embodiments, the stitching element 865 may be

secured to or otherwise wrapped around the individual threads or wires 826 of the

reinforcement member 825. Thus, the reinforcement member 825 may aid in

preventing the stitching element 865 from tearing through the rim 8 10 of the valve 800.

[0093] Additional ways of reinforcing the valve are also disclosed herein. For

example, in some embodiments, the individual leaflets may be coupled to one another

at one or more locations along the perimeter of the opening of the valve. The one or

more locations at which the individual leaflets couple to one another may be relatively

weak and susceptible to tearing after repeatedly transitioning the valve between the

closed configuration and the antegrade and/or retrograde open configurations. In some

embodiments, it may therefore be desirous to reinforce and/or strengthen the one or

more locations at which the individual leaflets couple to one another. This

reinforcement and/or strengthening may be accomplished in a variety of ways. In some

embodiments, a manufacturing technique may be used in forming the valve that is

capable of providing a relatively smooth surface at the one or more locations. In other

embodiments, a manufacturing technique may be used in forming the valve that does

not require cutting the valve at or near the one or more locations. In still other

embodiments, the one or more locations may be reinforced and/or strengthened by

localized thickening of the leaflets.

[0094] Disclosed herein are also methods of forming a valve. A variety of materials

may be used in forming the valve. For example, the body, the rim, and the opening

may comprise a polymeric or elastomeric material. In some embodiments, the

polymeric or elastomeric material may be viscoelastic. In some embodiments, the

polymeric or elastomeric material may be relatively soft. The polymeric or elastomeric



material may also be relatively flexible such that the shape of the valve may be altered

(e.g., stretched or compressed) without inflicting damage to the valve.

[0095] Materials having a broad range of percent elongation may be used. In some

embodiments, it is desirous that the polymeric or elastomeric material have a percent

elongation of between about 50% and about 3000%. In other embodiments, the

polymeric or elastomeric material has a percent elongation of between about 500% and

about 2500%. In yet other embodiments, the polymeric or elastomeric material has a

percent elongation of between about 1000% and about 2000%.

[0096] Materials having a variety of tensile strengths may be used. For example, in

some embodiments, the polymeric or elastomeric material has a tensile strength of

between about 0.01 MPa and about 5 MPa. In other embodiments, the polymeric or

elastomeric material has a tensile strength of between about 1 MPa and about 4 MPa.

In yet other embodiments, the polymeric or elastomeric material has tensile strength of

between about 2 MPa and about 3 MPa.

[0097] In some embodiments, the material may comprise an open cell foam. The

physical characteristics and properties of the foam may be configured as desired. For

example, in some embodiments, the foam may comprise a Young's Modulus of

between about 0.1 MPa and about 0.6 MPa. In other embodiments, the foam may

comprise a Young's Modulus of between about 0.2 MPa and about 0.5 MPa. In yet

other embodiments, the foam may comprise a Young's Modulus of between about 0.3

MPa and about 0.4 MPa.

[0098] The density of the foam may also vary. For example, in some embodiments,

the density of the foam may be between about 0.1 g/cm 3 and about 1.5 g/cm 3. In other

embodiments, the density of the foam may be between about 0.3 g/cm3 and about 1.2

g/cm 3. In yet other embodiments, the density of the foam may be between about 0.5

g/cm 3 and about 0.9 g/cm 3. In yet other embodiments, the density of the foam may be

between about 0.6 g/cm 3 and about 0.8 g/cm 3. In yet other embodiments, the density

of the foam may be between about 0.5 g/cm 3 and about 0.6 g/cm3. In yet other

embodiments, the density of the foam may be between about 0.8 g/cm3 and about 0.9

g/cm 3.

[0099] The material used for the production of the valve may also comprise

additional agents and/or additives that may provide the valve with added properties or

benefits. For example, in some embodiments, the material may be treated with an



antimicrobial agent to prevent or limit the growth of microorganisms when the valve is

disposed within, for example, the esophagus of a patient.

[00100] Also disclosed herein are methods of manufacturing a stent or another

implantable device that may be disposed within a body lumen. The method may

comprise a step of obtaining a substantially cylindrical-shaped metal stent. The method

may further comprise a step of obtaining a valve. As set forth above, the valve may

comprise a body, a substantially cylindrical-shaped rim, an opening, and a

reinforcement member. The method may further comprise a step of coupling the valve

to an inner lumen of the substantially cylindrical stent via a stitching element. The

stitching element may be disposed through the reinforcement member of the valve.

Further, in some embodiments, the method may comprise a step of coupling the

reinforcement member to the substantially cylindrical-shaped rim prior to coupling the

valve to the inner lumen of the substantially cylindrical stent.

[00101] Without further elaboration, it is believed that one skilled in the art can use

the preceding description to utilize the invention to its fullest extent. The claims and

embodiments disclosed herein are to be construed as merely illustrative and

exemplary, and not a limitation of the scope of the present disclosure in any way. It will

be apparent to those having ordinary skill in the art, with the aid of the present

disclosure, that changes may be made to the details of the above-described

embodiments without departing from the underlying principles of the disclosure herein.

In other words, various modifications and improvements of the embodiments

specifically disclosed in the description above are within the scope of the appended

claims. The scope of the invention is therefore defined by the following claims and their

equivalents.



CLAIMS

1. A valve for placement in a body lumen, comprising:

a body;

a substantially cylindrical-shaped rim disposed at a first end of the valve, the

substantially cylindrical-shaped rim having a proximal end and a distal end;

an opening disposed at a second end of the valve, wherein the opening

comprises one or more leaflets, the opening having a closed configuration in which the

leaflets are closed, an antegrade open configuration in which the leaflets are opened in

response to an antegrade force, and a retrograde open configuration in which the

leaflets are opened in response to a retrograde force; and

a reinforcement member coupled to the substantially cylindrical-shaped rim, the

reinforcement member being constrained to the substantially cylindrical-shaped rim.

2 . The valve of claim 1, wherein the opening comprises at least three leaflets.

3 . The valve of any one of claims 1 or 2, wherein the reinforcement member is

disposed between the proximal and distal ends of the substantially cylindrical-shaped

rim.

4 . The valve of any one of claims 1 - 3, wherein the reinforcement member is

coupled to an inner diameter of the substantially cylindrical-shaped rim.

5 . The valve of any one of claims 1 - 3, wherein the reinforcement member is

coupled to an outer diameter of the substantially cylindrical-shaped rim.

6 . The valve of any one of claims 1 - 3, wherein the reinforcement member is

molded within the substantially cylindrical-shaped rim.

7 . The valve of any one of claims 1 - 3, wherein the reinforcement member is

integral with the substantially cylindrical-shaped rim.

8 . The valve of any one of claims 1 - 6, wherein the reinforcement member

comprises a mesh material.

9 . The valve of claim 8, wherein the mesh comprises a polymeric material.



10 . The valve of claim 8, wherein the mesh comprises a metal material.

11. The valve of any one of claims 1 - 6, wherein the reinforcement member

comprises a polymeric film.

12 . The valve of any one of claims 1 - 11, wherein the valve comprises a polymeric

material.

13 . The valve of claim 11, wherein the tear strength of the polymeric film is greater

than the tear strength of the material used to form the substantially cylindrical-shaped

rim.

14. The valve of any one of claims 1 - 13, wherein the body comprises an inner

surface and an outer surface, wherein, in the closed configuration, the inner surface is

substantially concave and the outer surface is substantially convex.

15 . The valve of any one of claims 1 - 14, wherein the body comprises an inner

surface and an outer surface, wherein, in the antegrade open configuration, the inner

surface is substantially concave and the outer surface is substantially convex.

16 . The valve of any one of claims 1 - 15, wherein the body comprises an inner

surface and an outer surface, wherein, in the retrograde open configuration, the inner

surface is substantially convex and the outer surface is substantially concave.

17 . The valve of any one of claims 1 - 16, wherein the body of the valve is inverted in

the retrograde open configuration.

18 . An implantable device to be disposed within a body lumen, the implantable

device comprising:

a substantially cylindrical-shaped stent having an inner lumen extending

therethrough; and



a valve comprising a body, a substantially cylindrical-shaped rim, an opening,

and a reinforcement member, the reinforcement member being coupled to the

substantially cylindrical-shaped rim;

wherein the valve is coupled to the inner lumen of the substantially cylindrical-

shaped stent by a stitching element disposed through the reinforcement member of the

valve.

19 . The implantable device of claim 18, wherein the stitching element passes

through a wall of the substantially cylindrical-shaped stent, the substantially cylindrical-

shaped rim of the valve, and the reinforcement member.

20. The implantable device of any one of claims 18 or 19, wherein the reinforcement

member comprises a mesh material.

2 1 . The implantable device of any one of claims 18 or 19, wherein the reinforcement

member comprises a polymeric film.

22. The implantable device of any one of claims 18 - 2 1 , wherein the reinforcement

member is coupled to an inner diameter of the substantially cylindrical-shaped rim.

23. The implantable device of any one of claims 18 - 2 1 , wherein the reinforcement

member is coupled to an outer diameter of the substantially cylindrical-shaped rim.

24. The implantable device of any one of claims 18 - 2 1 , wherein the reinforcement

member is molded within the substantially cylindrical-shaped rim.

25. The implantable device of any one of claims 18 - 24, wherein the tear strength of

the reinforcement member is greater than the tear strength of the material used to form

the substantially cylindrical-shaped rim.

26. A method of making an implantable device to be disposed within a body lumen,

the method comprising:

obtaining a substantially cylindrical-shaped metal stent, the substantially

cylindrical-shaped stent having an inner lumen extending therethrough;

obtaining a valve, wherein the valve comprises a body, a substantially

cylindrical-shaped rim, an opening, and a reinforcement member; and



coupling the valve to the inner lumen of the substantially cylindrical-shaped stent

via a stitching element disposed through the reinforcement member of the valve.

27. The method of claim 26, further comprising;

coupling the reinforcement member to the substantially cylindrical-shaped rim

prior to coupling the valve to the inner lumen of the substantially cylindrical-shaped

stent.
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