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PERIVALVULAR SEALING FOR TRANSCATHETER HEART VALVE

FIELD

[001] The present disclosure concerns embodiments of a prosthetic heart valve

having a sealing mechanism to prevent or minimize perivalvular leakage.

BACKGROUND

[002] Prosthetic cardiac valves have been used for many years to treat cardiac

valvular disorders. The native heart valves (such as the aortic, pulmonary and mitral

valves) serve critical functions in assuring the forward flow of an adequate supply of

blood through the cardiovascular system. These heart valves can be rendered less

effective by congenital, inflammatory or infectious conditions. Such damage to the

valves can result in serious cardiovascular compromise or death. For many years the

definitive treatment for such disorders was the surgical repair or replacement of the

valve during open heart surgery, but such surgeries are prone to many

complications. More recently a transvascular technique has been developed for

introducing and implanting a prosthetic heart valve using a flexible catheter in a

manner that is less invasive than open heart surgery.

[003] In this technique, a prosthetic valve is mounted in a crimped state on the end

portion of a flexible catheter and advanced through a blood vessel of the patient until

the prosthetic valve reaches the implantation site. The prosthetic valve at the

catheter tip is then expanded to its functional size at the site of the defective native

valve such as by inflating a balloon on which the prosthetic valve is mounted.

Alternatively, the prosthetic valve can have a resilient, self-expanding stent or frame

that expands the prosthetic valve to its functional size when it is advanced from a

delivery sheath at the distal end of the catheter.

[004] The native valve annulus in which an expandable prosthetic valve is

deployed typically has an irregular shape mainly due to calcification. As a result,

small gaps may exist between the expanded frame of the prosthetic valve and the

surrounding tissue. The gaps can allow for regurgitation (leaking) of blood flowing



in a direction opposite the normal flow of blood through the valve. To minimize

regurgitation, various sealing devices have been developed to seal the interface

between the prosthetic valve and the surrounding tissue.

[005] A disadvantage of many sealing devices is that they tend to increase the

overall profile of the prosthetic valve in the compressed state. A prosthetic valve

that has a relatively large profile or diameter in the compressed state can inhibit the

physician's ability to advance the prosthetic valve through the femoral artery or

vein. More particularly, a smaller profile allows for treatment of a wider population

of patients, with enhanced safety. Thus, a need exists for sealing devices that do not

contribute significantly to the overall crimp profile of the prosthetic valve.

SUMMARY

[006] The present disclosure is directed to embodiments of catheter-based

prosthetic heart valves, and in particular, prosthetic heart valves having sealing

devices configured to seal the interface between the prosthetic valve and the

surrounding tissue of the native annulus in which the prosthetic valve is implanted.

The present disclosure also discloses new mechanisms and techniques for mounting

valve leaflets to a frame of a prosthetic heart valve.

[007] In one representative embodiment, a prosthetic heart valve comprises a

collapsible and expandable annular frame, a collapsible and expandable valve

member mounted within the annular frame, and a collapsible and expandable

annular sealing member coupled to the frame. The frame is configured to be

collapsed to a radially collapsed state for mounting on a delivery apparatus and

expanded to a radially expanded state inside the body. The frame has an inflow end,

an outflow end, and a longitudinal axis extending from the inflow end to the outflow

end, and comprises a plurality of struts defining a plurality of cells. The annular

sealing member is coupled to the frame such that when the frame is in its radially

collapsed state, the sealing member can be placed in a delivery orientation in which

the sealing member is radially collapsed and extends from the inflow end of the

frame in a direction away from the outflow end of the frame. When the frame is



expanded to its radially expanded state, the sealing member is caused to move

toward the outflow end of the frame in a direction parallel to the longitudinal axis to

an operative orientation in which the sealing member covers at least a portion of the

cells of the frame.

[008] In particular embodiments, the prosthetic heart valve can comprise a tether

that couples the sealing member to the frame. The tether can have first and second

end portions and an intermediate portion extending between the first and second end

portions. The first and second end portions can be secured to the sealing member at

spaced apart locations, and the intermediate portion can extend through the frame

such that when the frame is in its radially collapsed state, the intermediate portion

decreases in length and the first and second end portions increase in length to allow

the sealing member to be placed in the delivery orientation. When the frame is

expanded to its radially expanded state, the radial expansion of the frame causes the

intermediate portion to increase in length and the first and second end portions to

decrease in length, which is effective to pull the sealing member from the delivery

orientation to the operative orientation.

[009] In another representative embodiment, a prosthetic heart valve comprises a

collapsible and expandable annular frame and a collapsible and expandable valve

member mounted within the annular frame. The frame is configured to be collapsed

to a radially collapsed state for mounting on a delivery apparatus and expanded to a

radially expanded state inside the body, and comprises a plurality of struts defining a

plurality of cells. The valve member comprises a plurality of leaflets, wherein each

leaflet has a pair of opposing tab portions. Each tab portion can be paired to another

tab portion of an adjacent leaflet to form a commissure of the valve member. The

prosthetic valve can further include a plurality of leaflet clips, with each leaflet clip

extending over a pair of tab portions of a commissure and applying a compressive

force against the tab portions such that the tab portions are held in a compressed

state between the clip. A commissure securement portion associated with each

commissure of the valve member can be sutured to the frame. Each commissure



securement portion can comprise a first layer of material positioned radially outward

of a clip of the corresponding commissure and a second layer of material positioned

radially inward of the clip so as to hold the commissure in place relative to the

frame. Desirably, the sutures securing the commissure securement portions to the

frame do not extend through the tab portions of the leaflets. In addition, the tab

portions desirably do not have any sutures, and instead are secured to each other

only by the clips and secured indirectly to the frame by the commissure securement

portions. By eliminating sutures holes through the leaflet tabs, stress concentrations

on the leaflets can be greatly reduced.

[010] In certain embodiments, the commissure securement portions of the

prosthetic valve can be integral extensions of an annular sealing member coupled to

the frame of the valve.

[011] In another representative embodiment, a prosthetic heart valve comprises a

collapsible and expandable annular frame, a collapsible and expandable valve

member mounted within the annular frame, and a collapsible and expandable

annular sealing member coupled to the frame. The sealing member can have an

inflow edge secured to the frame, an outflow edge secured to the frame, and a slack

portion extending between the inflow edge and the outflow edge that is not secured

to the frame. The slack portion can be configured to protrude radially outward

through the cells of the frame when the frame is in the expanded state and subjected

to a pressure gradient causing the leaflets to close.

[012] In another representative embodiment, a prosthetic heart valve comprises a

collapsible and expandable annular frame, a collapsible and expandable valve

member mounted within the annular frame, and a collapsible and expandable

annular sealing member coupled to the frame. The frame is configured to be

collapsed to a radially collapsed state for mounting on a delivery apparatus and

expanded to a radially expanded state inside the body. The frame also has an inflow

end, an outflow end, and a longitudinal axis extending from the inflow end to the

outflow end. The sealing member comprises an annular first portion secured to



struts of the frame on the outside of the frame and a second portion comprising a

plurality of circumferentially spaced apart flaps that are free to pivot relative to the

frame. The flaps comprise a fabric that is heat set to have a predetermined shape

such that the flaps can extend radially outwardly from the annular first portion and

the frame when the frame is in the radially expanded state. Thus, when the

prosthetic valve is implanted within a native valve annulus, the flaps can extend

radially outwardly from the frame and contact surrounding tissue to help seal any

gaps that exist between the frame and the surrounding tissue.

[013] In another representative embodiment, a prosthetic heart valve comprises a

collapsible and expandable annular frame that is configured to be collapsed to a

radially collapsed state for mounting on a delivery apparatus and expanded to a

radially expanded state inside the body. The frame comprises a homogenous pattern

of hexagonal cells, each of which comprises six struts, including two side struts

extending parallel to the flow axis of the valve, a pair of lower angled struts, and a

pair of upper angled struts. The lower angled struts extend downwardly from

respective lower ends of the side struts and converge toward each other. The upper

angled struts extend upwardly from respective upper ends of the side struts and

converge toward each other.

[014] The foregoing and other objects, features, and advantages of the invention

will become more apparent from the following detailed description, which proceeds

with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[015] FTG. 1 is a perspective view of a prosthetic heart valve shown without

leaflets for purposes of illustration, according to one embodiment.

[016] FTG. 2 is a perspective view of the prosthetic heart valve of FIG. 1, shown in

a radially collapsed state for delivery into a patient.

[017] FIG. 3 is a perspective view of the prosthetic heart valve of FIG. 1, shown

with a plurality of leaflets.



[018] FIG. 4 is a perspective view of a prosthetic heart valve, according to another

embodiment.

[019] FIG. 5 is a perspective view of a prosthetic heart valve, according to another

embodiment.

[020] FIG. 6 is a side elevation view of the prosthetic valve of FIG. 5.

[021] FIG. 7 is a perspective view of the prosthetic valve of FIG. 5 as viewed from

its inflow end.

[022] FIG. 8 is a plan view of the inflow end of the prosthetic valve of FIG. 5.

[023] FIG. 9 is a plan view of the outflow end of the prosthetic valve of FIG. 5.

[024] FIGS. 10-14 are perspective views of a commissure of the prosthetic valve of

FIG. 5, illustrating how the commissure is secured to the frame of the valve.

[025] FIG. 15 is a perspective view of a prosthetic heart valve, according to

another embodiment.

[026] FIG. 16 is a plan view of the skirt of the prosthetic heart valve of FIG. 15

shown in a flattened configuration apart from the valve.

[027] FIG. 17 is a top plan view of the prosthetic heart valve of FIG. 15.

[028] FIG. 18A is a perspective view of the prosthetic heart valve of FIG. 15,

shown in a radially compressed state for delivery into a patient.

[029] FIG. 18B is a perspective view of the prosthetic heart valve similar to FIG.

18A, except showing the flaps of the skirt folded upward against the compressed

valve.

[030] FIG. 19 is a schematic representation of the prosthetic heart valve of FIG. 15

implanted in a native valve annulus.

[031] FIG. 20 is a top plan view of a prosthetic heart valve, according to another

embodiment.



[032] FIG. 2 1 is a perspective view of a prosthetic heart valve, according to

another embodiment.

DETAILED DESCRIPTION

[033] The present disclosure is directed to embodiments of catheter-based

prosthetic heart valves, and in particular, prosthetic heart valves having sealing

devices configured to seal the interface between the prosthetic valve and the

surrounding tissue of the native annulus in which the prosthetic valve is implanted.

Several exemplary embodiments of prosthetic heart valves are disclosed herein and

shown in the attached figures. These embodiments should not be construed as

limiting in any way. Instead, the present disclosure is directed toward all novel and

nonobvious features and aspects of the various disclosed embodiments, alone and in

various combinations and sub-combinations with one another.

[034] FIGS. 1 and 2 show a prosthetic heart valve 10, according to one

embodiment, in the expanded and compressed states, respectively. The prosthetic

valve 10 in the illustrated embodiment includes a frame, or stent, 12 and a sealing

device 14 (also referred to as a sealing member) mounted to the frame. The

prosthetic valve 10 also includes a valvular structure, such as multiple (e.g. , three)

leaflets 22 (FIG. 3), mounted to the frame to permit flow through the valve in the

normal direction of blood flow and block the flow of blood in the opposite direction.

The leaflets 22 can be sutured to the frame 12 using conventional techniques and/or

mechanisms as known in the art and/or described herein. The sealing device 14 can

be in the form of an annular skirt positioned inside or outside of the frame 12. The

leaflets 22 are omitted from the depiction of the prosthetic valve in FIG. 1 in order to

show the manner in which the sealing device is mounted to the frame.

[035] The illustrated prosthetic valve 10 is adapted to be deployed in the native

aortic annulus, although it also can be adapted to replace the other native valves of

the heart. Moreover, the prosthetic valve 10 can be adapted to replace other valves

within the body, such venous valves.



[036] The frame 12 can be made of any of various suitable plastically-expandable

materials (e.g. , stainless steel, etc.) or self-expanding materials (e.g. , Nitinol) as

known in the art. When constructed of a plastically-expandable material, the frame

12 (and thus the prosthetic valve 10) can be crimped to a radially compressed state

on a delivery catheter and then expanded inside a patient by an inflatable balloon or

equivalent expansion mechanism. When constructed of a self-expandable material,

the frame 12 (and thus the prosthetic valve 10) can be crimped to a radially

compressed state and restrained in the compressed state by insertion into a sheath or

equivalent mechanism of a delivery catheter. Once inside the body, the valve can be

advanced from the delivery sheath, which allows the prosthetic valve to expand to

its functional size.

[037] Suitable plastically-expandable materials that can be used to form the frame

12 include, without limitation, stainless steel, a nickel based alloy (e.g. , a nickel-

cobalt-chromium alloy), polymers, or combinations thereof. In particular

embodiments, frame 12 is made of a nickel-cobalt-chromium-molybdenum alloy,

such as MP35N™ (tradename of SPS Technologies), which is equivalent to UNS

R30035 (covered by ASTM F562-02). MP35N™/UNS R30035 comprises 35%

nickel, 35% cobalt, 20% chromium, and 10% molybdenum, by weight.

[038] The leaflets 22 (FIG. 3) can be formed of pericardial tissue (e.g. , bovine

pericardial tissue), biocompatible synthetic materials, or various other suitable

natural or synthetic materials as known in the art and described in U.S. Patent No.

6,730, 118, which is incorporated by reference herein. The sealing device 14

desirably comprises a thin, flexible sheet of material, and can be made of any of

various suitable materials, such as a fabric (e.g. , polyethylene terephthalate (PET) (

sold under the tradename Dacron®), ultra high molecular weight polyethylene

(UHMWPE) (sold under the tradename Dyneema Purity®), etc.), tissue (e.g.,

pericardial tissue), metal, sponge, or polymer.

[039] The sealing device 14 is mounted for sliding movement in the axial direction

relative to frame 12 such it can move between a first position when the valve is



radially compressed (FIG. 2) and a second position, axially spaced from the first

position, when the prosthetic valve is expanded (FIG. 1). When the prosthetic valve

is radially compressed to a delivery orientation, as shown in FIG. 2, the majority of

the sealing device 14 desirably is positioned to extend beyond one end of the frame

12 (e.g. , the inflow end 24 of the frame in the illustrated embodiment) such that

there is no overlap, or very little overlap, between the sealing device and the frame

in the axial direction. In this manner, the thickness of the sealing device does not

contribute to the overall crimped profile of the valve in its radially compressed state.

In certain embodiments, less than 50% of the axial length (measured from the inflow

end to the outflow end) of the sealing device overlaps the frame; in other

embodiments less than 25% of the axial length of the sealing device overlaps the

frame; in other embodiments less than 10% of the axial length of the sealing device

overlaps the frame; and in other embodiments less 5% of the axial length of the

sealing device overlaps the frame. In still other embodiments, the upper edge 16 of

the sealing device 14 is positioned end-to-end with respect to the adjacent inflow

end 24 of the frame 12 when the valve is in its delivery orientation such that there is

no overlap between the sealing device 14 and the frame 12.

[040] In other embodiments, the upper edge 16 of the sealing device extends

slightly over the inflow end portion of the frame 12 so that there is a small amount

of overlap between the upper (outflow) edge portion of the sealing device and the

inflow end portion of the frame. Typically, there is no or very little amount of

leaflet material positioned within the proximal end portion of the frame 12, which

allows that portion of the frame to be crimped to a slightly smaller diameter than the

rest of the frame. In other words, to the extent the upper edge 16 of the sealing

device overlaps a proximal end portion of the frame 12, the overlap does not

contribute to the overall crimped profile of the prosthetic valve 10 because the

proximal end portion of the frame 12 can be crimped to a relatively smaller diameter

than the remaining portion of the frame that is not covered by the sealing device

when the prosthetic valve is in the compressed/delivery orientation.



[041] When the prosthetic valve is expanded, as shown in FIG. 1, the sealing

device 14 moves axially along the outer surface of the frame to a position extending

over the outside of the frame to help seal the interface between the frame and the

surrounding tissue of the native valve annulus in which the prosthetic valve is

implanted. For example, the sealing device 14 can be moved to a position at which

the upper edge 16 of the sealing device overlaps the lower edge of the leaflets.

[042] The sealing device 14 can be operatively connected to the frame 12 in such a

manner that radially expansion of the prosthetic valve 10 causes the sealing device

14 to be moved or deployed from its delivery orientation (FIG. 2) to its operative or

functional orientation (FIG. 1). In the illustrated embodiment, for example, the

sealing device 14 can be mounted to the frame 12 by a flexible tether 18 that extends

diametrically across the frame. The tether 18 can comprise, for example, a thin

flexible metal wire (e.g., stainless steel) or suture material. The tether 18 has

opposite end portions 20 and an intermediate portion 2 1 extending transversely

across the interior of the frame between the end portions 20. The end portions 20

extend along opposite sides of the outer surface of the frame and are connected to

the upper edge 16 of the sealing device. When the valve is crimped, the diameter of

the prosthetic valve decreases, which introduces slack in the tether 18, allowing the

intermediate portion 2 1 to decrease in length while allowing the end portions 20 to

increase in length. This in turn allows the sealing device 14 to slide axially along

the frame 12 to the position shown in FIG. 2. Conversely, when the prosthetic valve

is expanded, the frame increases in diameter and foreshortens, which causes the

intermediate portion 2 1 to increase in length and the end portions 20 to decrease in

length, which is effective to pull the sealing device 14 into its functional position

shown in FIG. 1. The end portions 20 desirably are secured to the sealing member

14 at diametrically opposed locations to facilitate sliding movement of the sealing

member along the outer surface of the frame.

[043] As noted above, the frame 12 can be made of any of various suitable

plastically-expandable materials or self-expanding materials as known in the art.



When the frame is constructed of a plastically-expandable material, the prosthetic

valve 10 can be crimped to a radially compressed state (as depicted in FIG. 2) on a

balloon (or other expansion device) of a delivery apparatus. The delivery apparatus

can be inserted into the patient' s vasculature and advanced toward the patient' s heart

using known techniques. In one implementation, the prosthetic valve is delivered in

a transfemoral procedure in which the delivery apparatus is inserted into a femoral

artery and advanced through the aorta to the native aortic valve (or another native

valve of the heart). In another implementation, the prosthetic valve can be delivered

in a transapical procedure in which the delivery apparatus is inserted through a small

surgical opening in the chest and another surgical opening in the apex of the heart.

In another implementation, the prosthetic valve can be delivered in a transaortic

procedure in which the delivery apparatus is inserted through a small surgical

opening in the chest and another surgical opening in the ascending aorta at a location

above the aortic valve.

[044] When the prosthetic valve is positioned at the desired deployment location

(e.g., within the native aortic valve), the balloon of the delivery apparatus is inflated

to radially expand the prosthetic valve. The radial expansion of the prosthetic valve

causes the sealing member 14 to slide axially along the outer surface of the frame 12

to its operative position shown in FIG. 1. Upon full expansion of the prosthetic

valve, the sealing member 14 is forced into contact with the surrounding tissue of

the native valve, establishing a seal between the outer surface of the frame 12 and

the surrounding tissue.

[045] When constructed of a self-expandable material, the prosthetic valve 10 can

be crimped to a radially compressed state and restrained in the compressed state by

insertion into a sheath or equivalent mechanism of a delivery catheter. After the

delivery apparatus is inserted into the body and advanced toward the heart to

position the prosthetic valve at the desired deployment location, the prosthetic valve

10 can be advanced from the delivery sheath. As the prosthetic is deployed from the

delivery sheath, the prosthetic valve radially expands to its functional size. The



radial expansion of the prosthetic valve causes the sealing member 14 to slide

axially along the outer surface of the frame 12 to its operative position shown in

FIG. 1.

[046] It should be noted that the other embodiments of prosthetic heart valves

disclosed herein can also be made from any of the plastically-expandable or self-

expandable materials described above and can be implanted in the heart utilizing any

of the delivery apparatuses and/or delivery techniques described above in connection

with valve 10.

[047] Other techniques can be used to move the sealing device 14 into a sealing

position on the frame 12. For example, the sealing device 14 can be mounted

separate from the frame on a delivery device (e.g. , a balloon catheter). The delivery

device can include a pusher or puller mechanism that is configured to push, pull or

otherwise move the sealing device onto the frame after insertion into the patient' s

vasculature and prior to deployment of the valve.

[048] For example, FIG. 4 shows an alternative embodiment of a valve 10' that

includes one or more tethers 40 coupled to the sealing member 14 instead of a tether

20. As shown, a distal end 42 of each tether 40 is secured to the sealing member,

such as at locations adjacent the upper edge 16 of the sealing member. Each tether

40 extends along the length of the delivery apparatus and has a proximal end that

extends outside of the body of the patient. The tethers 40 can comprise, for

example, thin flexible metal wires (e.g., stainless steel) or suture material. The

proximal ends of the tethers can be exposed outside of the body for manipulation by

the surgeon or can be coupled to a control knob or other actuator mechanism on the

handle of the delivery apparatus.

[049] The valve 10' can be mounted on a delivery apparatus in the radially

compressed orientation shown in FIG. 4 (e.g., on a balloon if plastically-expandable

or within a delivery sheath if self-expandable). After the valve is inserted into the

patient's vasculature and prior to deployment of the valve, the surgeon can

manipulate the tethers 40 to pull the sealing member 14 axially in the direction of



arrow 44 to a position overlapping a portion of the cells of the frame 12. For

example, if the prosthetic valve is delivered in a transfemoral procedure, the delivery

apparatus can be advanced until the prosthetic valve is positioned at a convenient

location in the aorta or within the native heart valve, at which point the sealing

member 14 can be moved axially to its position covering a portion of the frame.

Movement of the sealing member can be achieved by pulling on the tethers or by

actuating a mechanism on the handle of the delivery apparatus. After the sealing

member 14 is moved over the frame 12, the delivery apparatus can be manipulated

to position the prosthetic valve 10' at the desired deployment location and then

radially expand the prosthetic valve 10' (e.g., by inflating a balloon or deploying the

prosthetic valve from a sheath), causing the frame to urge the sealing member 14

against the surrounding tissue of the native valve.

[050] In another embodiment, the sealing member 14 can be coupled to the frame

12 with biasing arms interconnecting the sealing member to the frame. For example,

the biasing arms can be spaced around the outer surface of the frame 14. Each

biasing arm can have one end secured to the sealing member 14 and another end

secured the frame 12. Each biasing arm can be shape set or otherwise configured to

assume a first configuration when the frame is radially compressed such that the

biasing arms hold the sealing member in the delivery orientation (FIG. 2). When the

frame is expanded, the biasing arms move from the first orientation to a second

orientation, thereby pushing or pulling the sealing member 14 to the operative

orientation (FIG. 1). The biasing arms can be made of Nitinol or another suitable

shape-memory material.

[05 1] FIG. 2 1 shows another embodiment of a prosthetic heart valve, indicated at

10" . The prosthetic valve 10" is similar to prosthetic valve 10' , except that the

distal ends 42 of the tethers 40 are secured to the sealing member 14 only at a lower

edge 17 of the sealing member. In addition, the upper edge 16 of the sealing

member 14 is secured, such as by sutures, to the inflow end 24 of the frame 12.

Consequently, applying a pulling force to the tethers 40 in the direction of arrow 44



is effective to pull the lower edge 17 of the sealing member upward in the direction

of the pulling force, as the upper edge 16 remains fixed to the inflow end 24 of the

frame. This causes the sealing member 14 to assume an everted position in which

the edge 17 is above edge 16 and the outer surface of the sealing member 14 shown

in FIG. 2 1 is turned inside out and faces the outer surface of the frame. When

everted, the sealing member 14 is in a position covering a portion of the cells of the

frame and can seal the space between the frame 12 and the surrounding tissue of the

native valve annulus in which the prosthetic valve is implanted. Similar to valve 10'

shown in FIG. 4, the sealing member 14 of valve 10' ' can be moved from its

delivery orientation to its pre-deployment (everted) orientation after the prosthetic

valve is inserted into the body and prior to expanding the prosthetic valve. After the

sealing member 14 is everted so that it covers a portion of the frame, the prosthetic

valve can be positioned within the native valve (e.g., the native aortic valve) and

expanded to expand the prosthetic valve against the surrounding tissue such that the

sealing member seals the space between the frame 12 and the surrounding tissue.

[052] FIG. 5 is a perspective view of a prosthetic heart valve 100, according to

another embodiment. The prosthetic valve 100 includes a frame, or stent, 102, a

leaflet structure comprising a plurality of leaflets 104 (e.g. , three leaflets 104 as

shown), and a sealing device in the form of a skirt 106. FIG. 6 is a side elevation

view of the prosthetic valve 100; FIG. 7 is a perspective view of the prosthetic valve

100 as viewed from its inflow end 108; FIG. 8 is a plan view of the inflow end 108

of the prosthetic valve; and FIG. 9 is a plan view of the outflow end 110 of the

prosthetic valve.

[053] The frame 102 can be made from any of various suitable self-expandable or

plastically-expandable materials as known in the art and described herein. Referring

to FIG. 6, the frame 102 in the illustrated embodiment can comprise a plurality of

rows 112a, 112b, 112c, 112d of angled struts 114 joined to each other to form a

plurality of hexagonal, or "honeycomb" shaped cells. Each cell of the frame 102 in

the illustrated configuration is defined by six struts, including opposing side struts



144 extending in the direction of the valve height (and parallel to the flow axis of the

valve), a pair of lower angled struts 146, and a pair of upper angled struts 148. The

lower angled struts 146 extend downwardly from the lower ends of the side struts

144 and converge toward each other and intersect with each other and the upper end

of a strut 144 of another cell in a lower row, except for the angled struts 146 in the

first row 112a, which intersect with each other to form apices 150 at the inflow end

of the frame. The upper angled struts 148 extend upwardly from the upper ends of

the side struts 144 and converge toward each other and intersect with each other and

the lower end of a strut of another cell in an upper row, except for the angled struts

148 in the fourth row 112d, which intersect with each other to form apices 152 at the

outflow end of the frame.

[054] The frame 102 in the illustrated embodiment has what can be referred to as a

"homogenous" pattern of hexagonal cells, meaning that the frame is made up

entirely of hexagonal cells and does not include any struts that do not form part of

one of the hexagonal cells, except for any struts that extend axially away from the

inflow end or outflow end for mounting the frame to a delivery apparatus.

[055] In a specific embodiment, the frame 102 has an overall height (measured

from the inflow end 108 to the outflow end 110) of about 20 mm; and the struts have

a width W (FIG. 6) of about 0.4 mm and a thickness T (FIG. 8) of about 0.45 mm.

The honeycomb structure of the frame reduces the crimping profile of the valve,

provides stability during crimping and subsequent expansion, is less sensitive to

variations in strut width, and provides increased radial strength.

[056] The skirt 106 in this embodiment desirably is positioned on the inside of the

frame 102. The skirt 106 can be sized to cover the openings of the frame between

the inflow end 108 and the third row 112c of struts 114. The skirt 106 can comprise

a main annular body 126 that covers the openings in the frame (and therefore serves

as a sealing device) and a plurality of commissure securement portions 128 that are

configured to secure the commissures of the leaflets 104 to the frame, as further

described below. The skirt 106 can be made of a fabric (e.g. , PET or UHMWPE) or



other suitable materials described herein. The main body 126 of the skirt can be

secured to the frame 102 using sutures (not shown), such as by suturing the upper

and lower edges 130, 132 (FIG. 6) of the main body to the third row 112c of struts

114 and to the first row 112a of struts 114, respectively.

[057] The main body 126 can be secured to the frame such that when the frame is

in its radially expanded state, there is excess material or slack between the upper and

lower edges 130, 132 (FIG. 6) of the main body. The excess material along the

length of the frame allows the frame to elongate axially when crimped without any

resistance from the skirt, which promotes uniform and predictable crimping of the

frame. At least during ventricular diastole (when the leaflets of the prosthetic valve

are closed), the pressure gradient across the valve causes the excess skirt material to

protrude outwardly through the openings in the frame 102, as shown in the figures,

and can contact tissue surrounding the valve to help seal the area between the frame

and the surrounding tissue. As shown in FIG. 5, a circumferentially extending

suture line 142 or equivalent mechanism can be secured to the inside of the frame to

prevent the excess skirt material from protruding inwardly into the lumen and

contacting the moving parts of the leaflets.

[058] The illustrated prosthetic valve 100 need not include any sealing devices,

such as a fabric, secured against the outside of the frame, which can reduce the

pushing force required to advance the crimped valve through an introducer sheath.

This configuration also limits the amount of fabric or other material required for

effective sealing, which minimizes the overall crimp profile of the valve. In

addition, the skirt 106, positioned inside of the frame 102, is protected against

tearing that can be caused by frictional forces between the frame and an introducer

sheath used to insert the valve into the vasculature of the patient.

[059] As best shown in FIG. 7, each leaflet 104 can have slightly curved, or

scalloped lower edge portion 134 that can be secured to the frame 102 and/or the

skirt 106 using sutures (not shown). The commissures of the leaflets 104 can be

secured to the frame 102 without sutures extending through the leaflet material, as



will now be described. Referring to FIG. 10, a leaflet tab portion 116 adjacent the

upper, free edge of one leaflet is placed against another tab portion 116 of another

leaflet. Each tab portion 116 can be reinforced by a respective reinforcing strip 118

(e.g. , PET or UHMWPE cloth) that covers inside and outside surfaces of the tab

portion adjacent its side edge. The reinforcing strips 118 reinforce the tab portions

to protect against tearing and prevent direct contact between the tab portions and the

frame to protect the leaflets from abrasion.

[060] As shown in FIG. 11, the tab portions 116 and the reinforcing strips can be

held together with a clip 120. The clip 120 comprises a U-shaped body comprising

two legs, or tines, 122 that bear against the outside surfaces of the reinforcing strips.

The legs 122 desirably are biased inwardly toward each other to produce a pinching

or compressive holding force that holds the tab portions in compression between the

legs and securely retains the tab portions 116 and reinforcing strips 118 together to

form a commissure 124 of the leaflet structure. The clip 120 also functions as a

spacer between the frame 102 and the free edges of the leaflets to minimize direct

contact of the free edges of the leaflets with the frame during systole to protect the

leaflets against abrasion.

[061] The clip 120 can be made of any of various suitable materials, such as metal

or metal alloys (e.g. , Nitinol, stainless steel, a cobalt chromium alloy), polymers, or

metalloids (e.g. , silicon). In a specific implementation, and as shown in FIG. 12, the

clip 120 can have a height H of about 6 mm, a width W l of about 0.8 mm, and a

thickness T of about 0.4 mm. Each leg portion 122 can have a width W2 of about

0.2 mm and the spacing between the leg portions 122 at the top of the clip is about

0.4 mm.

[062] Referring now to FIGS. 12-14, the commissures 124 can be secured to the

frame 102 via the commissure securement portions 128 of the skirt 106. FIGS. 12

and 13 show a commissure securement portion 128 partially broken away for

purposes of illustration. The commissure securement portion 128 can be an integral

extension of the main annular body 126 of the skirt (i.e., the main body 126 and the



commissure securement portions 128 can be cut or otherwise formed from a single

piece of material). The commissure securement portion in the illustrated

configuration comprises an outer layer 136 that extends behind the commissure 124

and an inner layer 138 that is folded over the commissure and inwardly against the

outer layer 136. The inner layer 138 has a split configuration defining two halves

138a, 138b that are folded against the outer layer 136 on opposite sides of the

commissure. Each half 138a, 138b of the inner layer has a lower portion 140 that

can extend below the tab portions 116 (as best shown in FIG. 14). The outer and

inner layers 136, 138 can then be secured to the frame 102 using sutures 154, which

secures the commissure 124 in place relative to the frame, preferably without any

sutures extending through the leaflet material.

[063] This manner of securing the commissures to the frame can provide several

advantages. For example, the durability of the leaflet structure is improved because

stress points caused by sutures extending through the leaflet material can be avoided.

In addition, the time-consuming process of securing the leaflet structure to the frame

can be reduced because less suturing is required.

[064] FIG. 15 is a perspective view of a prosthetic heart valve 200, according to

another embodiment. The prosthetic valve 200 in the illustrated embodiment

comprises a frame, or stent, 202, a sealing device in the form of an annular skirt 204

mounted to the frame, and a valvular structure in the form of multiple leaflets 206

(FIG. 17) secured to the frame using known techniques. The skirt 204 comprises an

annular upper portion 208 and an annular lower portion 210. The lower portion 210

comprises a plurality of spaced-apart fingers, or flaps, 212 defining plural gaps, or

spaces, 214 between adjacent flaps. The upper portion 208 of the skirt 204 can be

secured to the frame 202, such as with sutures. For example, the upper portion 208

can be sutured to the lowermost rung 216 of struts of the frame 202. The flaps 212

extend from the inflow end 218 of the frame and therefore are allowed to be folded

or pivoted relative to the upper portion 208 and the frame 202.



[065] The skirt 204 can have a straight upper edge 220 as shown that can be

positioned at or just above the upper apices 222 of the lower rung of struts. In an

alternative embodiment, the skirt 204 can have a saw-toothed shaped upper edge that

corresponds to the zig-zag arrangement the struts defining the lowermost rung 216

of struts.

[066] The skirt 204 desirably is formed from a suitable fabric, such as PET or

UHMWPE fabric, that is heat set such that flaps 212 extend radially outwardly from

the upper portion 208 at about 90 degrees, as depicted in FIG. 15. FIG. 18A shows

the prosthetic valve 200 in a radially compressed state for delivery into the body on

a suitable delivery apparatus. As shown, when the prosthetic valve 200 is in the

radially compressed state, the flaps 212 extend longitudinally away from the inflow

end of the valve so as to avoid creating an additional layer of material around the

valve that can increase its profile in the crimped state. When the valve is deployed

in the body and the valve radially expands, the flaps 212 can move or pivot

upwardly toward the frame 202 due to heat set shape of the skirt. The flaps 212

desirably pivot upwardly through an angle greater than 90 degrees so that as the

valve is expanded within the native annulus, the flaps are positioned between the

valve and the surrounding tissue. FIG. 19 is a schematic representation of a native

valve annulus 230 having an irregular shape defining gaps or voids varying in size

and shape between the frame 202 and the valve annulus 230. As shown, the flaps

212 can extend away from the frame 202 to help seal the voids between the frame

and the valve annulus. Due to the presence of gaps 214, the flaps 212 may not

completely seal the voids between the frame and the valve annulus. Nonetheless,

even partial sealing of the voids upon implantation of the prosthetic heart valve 200

creates stagnation points for blood, which promotes further blockage of the voids.

[067] Notably, the flaps 212 are formed from a thin layer of flexible material and

are not supported by any metal struts or support members that extend radially

outwardly from the frame. Consequently, when the prosthetic valve 200 is radially

compressed (FIG. 18A), the flaps 212 extend away from the inflow end of the valve



and therefore do not increase the profile of the crimped valve, while the upper

portion 208 does not contribute significantly to the overall profile of the radially

compressed valve. In addition, the sealing member 204 can be located at the inflow

end portion of the frame, as shown in FIG. 18A, which is an area of the frame that

contains little, if any, leaflet material. Thus, in some embodiments, the inflow end

portion of the frame, which mounts the sealing member, can be radially compressed

to a smaller diameter than the remainder of the frame even though it contains the

upper portion 208 of the skirt.

[068] FIG. 18B shows an alternative embodiment of the prosthetic valve 200. In

the embodiment of FIG. 18B, the flaps 212 are folded upwardly against the upper

portion 208 of the skirt when the prosthetic valve is radially compressed for delivery

into a patient. Upon expansion of the prosthetic valve, the flaps 212 can move or

pivot downwardly away from the valve against surrounding tissue due to the heat set

shape of the skirt. Although the flaps form an additional layer of material around

the prosthetic valve in the compressed state, the skirt does not contribute

significantly to the overall crimp profile of the prosthetic valve due to the absence of

any metal struts or support members and its placement at the inflow end of the

frame.

[069] FIG. 20 shows another embodiment of a prosthetic heart valve, indicated at

200' . The prosthetic valve 200' can have an identical construction as the valve 200,

except that the valve 200' has an additional, second skirt mounted on the outside of

the skirt 204. The second skirt can be of the same size and shape as the first skirt.

Thus, the second skirt have an annular upper portion secured (e.g., sutured) to the

frame 202 and/or the upper portion 208 of the first skirt 204. The second skirt also

has a plurality of flaps 232 that are offset or shifted in the circumferential direction

from the flaps 212 of the first skirt 204 such that the flaps 232 are positioned to

overly the gaps 214 between flaps 212. Both skirts are heat treated such that the

flaps 212, 232 can extend away from the frame 202 when the prosthetic valve is

expanded. Due to the presence of the additional set of flaps 232, the flaps 212, 232



can more effectively seal the voids between the frame 202 and the native valve

annulus.

General Considerations

[070] For purposes of this description, certain aspects, advantages, and novel

features of the embodiments of this disclosure are described herein. The disclosed

methods, apparatuses, and systems should not be construed as limiting in any way.

Instead, the present disclosure is directed toward all novel and nonobvious features

and aspects of the various disclosed embodiments, alone and in various

combinations and sub-combinations with one another. The methods, apparatuses,

and systems are not limited to any specific aspect or feature or combination thereof,

nor do the disclosed embodiments require that any one or more specific advantages

be present or problems be solved.

[071] Although the operations of some of the disclosed methods are described in a

particular, sequential order for convenient presentation, it should be understood that

this manner of description encompasses rearrangement, unless a particular ordering

is required by specific language. For example, operations described sequentially

may in some cases be rearranged or performed concurrently. Moreover, for the sake

of simplicity, the attached figures may not show the various ways in which the

disclosed methods can be used in conjunction with other methods. As used herein,

the terms "a", "an" and "at least one" encompass one or more of the specified

element. That is, if two of a particular element are present, one of these elements is

also present and thus "an" element is present. The terms "a plurality of and

"plural" mean two or more of the specified element.

[072] As used herein, the term "and/or" used between the last two of a list of

elements means any one or more of the listed elements. For example, the phrase "A,

B, and/or C" means "A," "B," "C," "A and B," "A and C," "B and C" or "A, B and

C."



[073] As used herein, the term "coupled" generally means physically coupled or

linked and does not exclude the presence of intermediate elements between the

coupled items absent specific contrary language.

[074] In view of the many possible embodiments to which the principles of the

disclosed invention may be applied, it should be recognized that the illustrated

embodiments are only preferred examples of the invention and should not be taken

as limiting the scope of the invention. Rather, the scope of the invention is defined

by the following claims. We therefore claim as our invention all that comes within

the scope and spirit of these claims.



We claim:

1. A prosthetic heart valve comprising:

a collapsible and expandable annular frame that is configured to be collapsed

to a radially collapsed state for mounting on a delivery apparatus and expanded to a

radially expanded state inside the body, the frame having an inflow end, an outflow

end, and a longitudinal axis extending from the inflow end to the outflow end, the

frame comprising a plurality of struts defining a plurality of cells; and

a collapsible and expandable valve member mounted within the annular

frame; and

a collapsible and expandable annular sealing member coupled to the frame

such that when the frame is in its radially collapsed state, the sealing member can be

placed in a delivery orientation in which the sealing member is radially collapsed

and extends from the inflow end of the frame in a direction away from the outflow

end of the frame and when the frame is expanded to its radially expanded state, the

sealing member is caused to move toward the outflow end of the frame in a direction

parallel to the longitudinal axis to an operative orientation in which the sealing

member covers at least a portion of the cells of the frame.

2. The prosthetic heart valve of claim 1, further comprising:

a tether having first and second end portions and an intermediate portion

extending between the first and second end portions, the first and second end

portions being secured to the sealing member at spaced apart locations, and the

intermediate portion extending through the frame such that when the frame is in its

radially collapsed state, the intermediate portion decreases in length and the first and

second end portions increase in length to allow the sealing member to be placed in

the delivery orientation and when the frame is expanded to its radially expanded

state, the radial expansion of the frame causes the intermediate portion to increase in

length and the first and second end portions to decrease in length, which is effective

to pull the sealing member from the delivery orientation to the operative orientation.



3. The prosthetic valve of claim 2, wherein the first and second end

portions are secured to diametrically opposing portions of the sealing member and

extend along opposite sides of the outer surface of the frame, and the intermediate

portion of the tether extends transversely through the frame from a first location on

the frame to a second location on the frame that is diametrically opposed to the first

location.

4. The prosthetic heart valve of claim 1, wherein the sealing member is

coupled to the frame such that the sealing member extends over the outside surface

of the frame when the sealing member is moved to the operative orientation.

5. The prosthetic heart valve of claim 1, wherein the sealing member

comprises a fabric.

6. The prosthetic heart valve of claim 2, wherein the tether is configured

to pull the sealing member along an outer surface of the frame from the delivery

orientation to the operative orientation when the frame is expanded.

7. A prosthetic heart valve comprising:

a collapsible and expandable annular frame that is configured to be collapsed

to a radially collapsed state for mounting on a delivery apparatus and expanded to a

radially expanded state inside the body, the frame comprising a plurality of struts

defining a plurality of cells;

a collapsible and expandable valve member mounted within the annular

frame, the valve member comprising a plurality of leaflets, each leaflet having a pair

of opposing tab portions, each tab portion being paired to another tab portion of an

adjacent leaflet to form a commissure of the valve member;



a plurality of leaflet clips, each leaflet clip extending over a pair of tab

portions of a commissure and applying a compressive force against the tab portions

such that the tab portions are held in a compressed state between the clip; and

a commissure securement portion associated with each commissure of the

valve member and being sutured to the frame, each commissure securement portion

comprising a first layer of material positioned radially outward of a clip of the

corresponding commissure and a second layer of material positioned radially inward

of the clip so as to hold the commissure in place relative to the frame.

8. The prosthetic heart valve of claim 7, wherein the sutures securing

the commissure securement portions to the frame do not extend through the tab

portions of the leaflets.

9. The prosthetic heart valve of claim 7, wherein there are no sutures

extending through the tab portions of the leaflets.

10. The prosthetic heart valve of claim 7, further comprising an annular

sealing member coupled to the frame.

11. The prosthetic heart valve of claim 10, wherein the sealing member is

mounted on the inside of the frame and has portions configured to protrude radially

outward through the cells of the frame when the frame is in the expanded state.

12. The prosthetic heart valve of claim 10, wherein the sealing member

has an inflow edge secured to the frame, an outflow edge secured to the frame, and a

slack portion extending between the inflow edge and the outflow edge that is not

secured to the frame, the slack portion being configured to protrude radially outward

through the cells of the frame when the frame is in the expanded state and subjected

to a pressure gradient causing the leaflets to close.



13. The prosthetic heart valve of claim 10, wherein the commissure

securement portions are integral extensions of the sealing member.

14. The prosthetic heart valve of claim 7, wherein each clip comprises a

substantially U-shaped body comprising two elongated leg portions that apply the

compressive force against the tab portions of a corresponding commissure.

15. The prosthetic heart valve of claim 7, wherein the frame comprises a

homogenous pattern of hexagonal cells.

16. The prosthetic heart valve of claim 15, wherein each cell comprises

six struts, including two side struts extending parallel to the flow axis of the valve, a

pair of lower angled struts, and a pair of upper angled struts, the pair of lower angled

struts extending downwardly from respective lower ends of the side struts and

converging toward each other, and the pair of upper angled struts extending

upwardly from respective upper ends of the side struts and converging toward each

other.

17. A prosthetic heart valve comprising:

a collapsible and expandable annular frame that is configured to be collapsed

to a radially collapsed state for mounting on a delivery apparatus and expanded to a

radially expanded state inside the body, the frame having an inflow end, an outflow

end, and a longitudinal axis extending from the inflow end to the outflow end, the

frame comprising a plurality of struts defining a plurality of cells;

a collapsible and expandable valve member mounted within the annular

frame; and

a collapsible and expandable annular sealing member coupled to the frame,

the sealing member comprising an annular first portion secured to the struts on the

outside of the frame and a second portion comprising a plurality of circumferentially

spaced apart flaps that are free to pivot relative to the frame, wherein the flaps



comprise a fabric that is heat set such that the flaps extend radially outwardly from

the frame when the frame is in the radially expanded state.

18. The prosthetic heart valve of claim 17, wherein the flaps can be

folded against the annular first portion of the sealing member when the frame is in

the radially collapsed state.

19. The prosthetic heart valve of claim 17, wherein the flaps extend

radially outwardly from the inflow end of the frame.

20. The prosthetic heart valve of claim 17, wherein the flaps are not

supported by any metal supports extending outwardly from the frame.

21. The prosthetic heart valve of claim 17, wherein the sealing member

comprises a first sealing member and the prosthetic heart valve comprises a second

annular sealing member, the second annular sealing member comprising a plurality

of circumferentially spaced apart flaps that are free to pivot relative to the frame, the

flaps of the second sealing member being circumferentially offset from the flaps of

the first sealing member such that the flaps of the second sealing member are

aligned with the spaces between the flaps of the first sealing member.

22. The prosthetic heart valve of claim 17, wherein the sealing member

comprises a polyethylene terephthalate fabric.

23. The prosthetic heart valve of claim 17, wherein the flaps extend

longitudinally away from the inflow end of the frame to avoid overlapping the frame

when the frame is in the radially collapsed state.
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