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PROSTHESIS, DELIVERY DEVICE AND METHODS OF USE

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This Application claims from the benefit of U.S. Provisional Application

No. 62/004,610, filed May 29, 2014, titled "PROSTHESIS, DELIVERY DEVICE AND

METHODS OF USE," the entirety of which is incorporated herein by reference.

BACKGROUND

Field

[0002] Certain embodiments disclosed herein relate generally to prostheses for

implantation within a lumen or body cavity and delivery devices for a prosthesis. In

particular, the prostheses and delivery devices relate in some embodiments to replacement

heart valves, such as replacement mitral heart valves.

Description of the Related Art

[0003] Human heart valves, which include the aortic, pulmonary, mitral and

tricuspid valves, function essentially as one-way valves operating in synchronization with the

pumping heart. The valves allow blood to flow downstream, but block blood from flowing

upstream. Diseased heart valves exhibit impairments such as narrowing of the valve or

regurgitation, which inhibit the valves' ability to control blood flow. Such impairments

reduce the heart's blood-pumping efficiency and can be a debilitating and life threatening

condition. For example, valve insufficiency can lead to conditions such as heart hypertrophy

and dilation of the ventricle. Thus, extensive efforts have been made to develop methods and

apparatuses to repair or replace impaired heart valves.

[0004] Prostheses exist to correct problems associated with impaired heart valves.

For example, mechanical and tissue-based heart valve prostheses can be used to replace

impaired native heart valves. More recently, substantial effort has been dedicated to

developing replacement heart valves, particularly tissue-based replacement heart valves that

can be delivered with less trauma to the patient than through open heart surgery.

Replacement valves are being designed to be delivered through minimally invasive



procedures and even percutaneous procedures. Such replacement valves often include a

tissue-based valve body that is connected to an expandable frame that is then delivered to the

native valve's annulus.

[0005] Development of prostheses including but not limited to replacement heart

valves that can be compacted for delivery and then controllably expanded for controlled

placement has proven to be particularly challenging. An additional challenge relates to the

ability of such prostheses to be secured relative to intralumenal tissue, e.g., tissue within any

body lumen or cavity, in an atraumatic manner.

[0006] Delivering a prosthesis to a desired location in the human body, for

example delivering a replacement heart valve to the mitral valve, can also be challenging.

Obtaining access to perform procedures in the heart or in other anatomical locations may

require delivery of devices percutaneously through tortuous vasculature or through open or

semi-open surgical procedures. The ability to control the deployment of the prosthesis at the

desired location can also be challenging.

SUMMARY

[0007] Embodiments of the present disclosure are directed to a prosthesis, such as

but not limited to a replacement heart valve. Further embodiments are directed to delivery

systems, devices and/or methods of use to deliver and/or controllably deploy a prosthesis,

such as but not limited to a replacement heart valve, to a desired location within the body. In

some embodiments, a replacement heart valve and methods for delivering a replacement

heart valve to a native heart valve, such as a mitral valve, are provided.

[0008] It should be appreciated that access to certain anatomical features can be

difficult due to limited anatomical space to maneuver surgical tools and instruments. This

can be particularly true for access to the mitral valve via transfemoral, transatrial and

transapical approaches. Accordingly, it is generally advantageous to reduce the form factor

for these surgical tools and instruments to more efficiently maneuver the tools and

instruments within the limited anatomical space. The delivery devices described herein

utilize an outer elongate hollow member which compresses or collapses to expose the

prosthesis contained therein. Accordingly, the delivery devices can have a significantly



reduced length as compared to delivery devices which utilize a rigid capsule assembly. Rigid

capsule delivery devices can often require a straight, rigid length which is about twice as long

as the prosthesis as the entirety of the rigid capsule, which has a length about equal to the

prosthesis, must be fully withdrawn over the prosthesis to expose the prosthesis. In contrast,

the outer elongate hollow member of the devices described herein can collapse and reduce in

length to expose the prosthesis, thereby greatly reducing the length of the delivery device.

[0009] Disclosed herein are embodiments of a delivery system for controlled

deployment of an expandable prosthesis, the delivery system comprising an inner retention

assembly comprising an inner elongate member having a proximal end and a distal end

configured to carry the expandable prosthesis to an in situ target location, wherein the inner

retention assembly is configured to radially restrain a first end of the expandable prosthesis

when the expandable prosthesis is mounted over the inner elongate member with the second

end of the expandable prosthesis positioned proximally of the first end, an outer elongate

hollow member having a proximal end and a distal end that is slidable over the inner

retention assembly, the outer elongate hollow member configured to cover the first and

second ends of the expandable prosthesis when the expandable prosthesis is mounted over

the inner elongate member, and a receiving member provided at the distal end of the outer

elongate hollow member, wherein the distal end of the outer elongate hollow member is

positioned within the receiving member and the proximal end of the outer elongate hollow

member is spaced proximally away from the receiving member, wherein the outer elongate

hollow member is moveable in a distal direction relative to the inner retention assembly to

uncover at least the second end of the expandable prosthesis when the expandable prosthesis

is mounted over the inner elongate member, wherein distal movement of the outer elongate

hollow member relative to the inner retention assembly causes longitudinal collapse of at

least a portion of the outer elongate hollow member into the receiving member.

[0010] In some embodiments, the inner retention assembly can comprise an inner

retention ring at the distal end of the inner elongate member configured to engage the first

end of the expandable prosthesis. In some embodiments, the inner retention assembly can

further comprise an outer retention ring configured to cover the inner retention ring when the

inner retention ring engages the first end of the expandable prosthesis.



[0011] In some embodiments, the receiving member can comprise a nose cone. In

some embodiments, the delivery system can further comprise a nose cone shaft slidable

within the inner elongate member, wherein the nose cone is connected to a distal end of the

nose cone shaft.

[0012] In some embodiments, the delivery device can further comprise a plurality

of pull wires connected to a proximal portion of the outer member and configured pull the

outer member distally into the receiving member. In some embodiments, the pull wires can

extend through a curved path within the receiving member.

[0013] In some embodiments, the delivery device can further comprise a squash

plate configured to cause longitudinal collapse of the outer member. In some embodiments,

the delivery device can further comprise a compression shaft slidable within the inner

retention assembly, wherein the squash plate is connected to a distal end of the compression

shaft.

[0014] In some embodiments, the outer elongate hollow member can comprise a

collapsible polymer sheath. In some embodiments, the delivery device can further comprise

an expandable prosthesis having a first end radially restrained by the inner retention assembly

and wherein the first end and the second end of the expandable prosthesis are covered by the

outer elongate hollow member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and other features, aspects and advantages are described below with

reference to the drawings, which are intended to illustrate but not to limit the invention.

[0016] Figure 1A shows a side elevation view of an embodiment of a delivery

system having pull wires.

[0017] Figure IB shows a photograph of a side elevation view of an embodiment

of a delivery system having pull wires.

[0018] Figure 2 shows a side elevation view another embodiment of a delivery

system having pull wires in a first state.

[0019] Figure 3 illustrates a partial, cross-sectional view of the delivery system of

Figure 2.



[0020] Figure 4 illustrates a partial cross-sectional view of an insert of the

delivery system of Figure 2

[0021] Figure 5 illustrates the delivery system of Figure 2 in a second state.

[0022] Figure 6 shows another embodiment of a delivery system having a

compression member.

[0023] Figure 7 illustrates a perspective view of a compression member and

compression shaft of the delivery system of Figure 6.

[0024] Figures 8-13 illustrate steps of a deployment method using the delivery

system of Figure 6.

DETAILED DESCRIPTION

[0025] The present specification and drawings provide aspects and features of the

disclosure in the context of several embodiments of replacement heart valves, delivery

devices and methods that are configured for use in the vasculature of a patient, such as for

replacement of natural heart valves in a patient. The devices, systems, and methods

described herein can be used to transapically deliver a replacement heart valve to a mitral

valve location. However, while these embodiments may be discussed in connection with

replacing specific valves such as the patient's aortic or mitral valve, it is to be understood that

the features and concepts discussed herein can be applied to products other than heart valve

implants. For example, the controlled positioning, deployment, and securing features

described herein can be applied to medical implants, for example other types of expandable

prostheses, for use elsewhere in the body, such as within an artery, a vein, or other body

cavities or locations. In addition, particular features of a valve, delivery device, etc. should

not be taken as limiting, and features of any one embodiment discussed herein can be

combined with features of other embodiments as desired and when appropriate.

[0026] The implant or prosthesis can take any number of different forms.

Example designs for a prosthesis are described in U.S. Patent Nos. 8,403,983, 8,414,644, and

8,652,203; U.S. Patent Publication Nos. 2011/0313515 and US 2012/0215303; U.S.

Application Nos. 14/197,590, 14/197,639 and 14/197,690, all applications filed March 5,

2014, the entirety of these patents, publications and applications are hereby incorporated by



reference and made a part of this specification. In some embodiments, the longitudinal axis of

the prosthesis, which runs between the first and second ends of the prosthesis, can be parallel

to and/or concentric with the longitudinal axis of one or more shafts and/or sheaths of the

delivery systems described herein. Further, while specific embodiments of delivery systems

are disclosed herein, they can be used in conjunction with delivery devices described in U.S.

Pat. App. Nos. 14/716,507 and 14/628,034, the entirety of these applications hereby

incorporated by reference and made a part of this specification.

[0027] With reference first to the embodiment shown in Figures 1A-B which

illustrates a delivery device or system 100, the delivery system 100 can include an outer

elongate hollow member 110 such as a sheath, a receiving member 112 such as a nose cone,

and one or more pull wires 114. As shown in the illustrated embodiment, the outer elongate

hollow member 110 can have a distal end being positioned at least partially within the

receiving member 112 (toward the left in Figures 1A-B) and a proximal end being spaced

away from the receiving member 112 (toward the right in Figures 1A-B). As used to

describe the components of the delivery system, "proximal" refers to a location of the

component that is closer to the operator, and "distal" refers to a location of the component

that is further from the operator. Based on the orientation of these figures, "proximal" would

refer to a location to the right of the figures whereas "distal" would refer to a location to the

left of the figures. The one or more pull wires 114 can be attached to at least a portion of the

outer elongate hollow member 110. Preferably, the one or more pull wires 114 are attached

to a proximal portion of the outer elongate hollow member 110. In some embodiments, the

one or more pull wires 114 are attached proximate to or at the proximal end of the outer

elongate hollow member 110. As will be described in further detail below, the one or more

pull wires 114 can be used to collapse the outer elongate hollow member 110 to uncover at

least part of a prosthesis, such as an expandable prosthesis, engaged on the delivery system

100.

[0028] With continued reference to the embodiment shown in Figures 1A-B, the

delivery system 100 can include an inner retention assembly 116 designed to carry the

expandable prosthesis to an in situ target location. The inner retention assembly 116 can be

designed to radially restrain a first end of the expandable prosthesis when the expandable



prosthesis is mounted thereon with a second end of the expandable prosthesis extending

proximally therefrom. In some embodiments, the inner retention assembly 116 can include

an inner retention shaft 117, having a proximal and distal end, over which the expandable

prosthesis can be mounted. In some embodiments, the inner retention shaft 117 can be used

to carry and/or transport the expandable prosthesis to the in situ target location. As shown in

the illustrated embodiment, the inner retention assembly 116 can include an inner retention

member 118, such as an inner retention ring, attached to a distal end of the inner retention

shaft 117. The inner retention member 118 can include slots, grooves, clips, or other

structures to engage at least a portion, if not the entirety, of the first end of the expandable

prosthesis. For example, the inner retention member 118 may be used to engage tabs on the

longitudinal struts 12 of the prosthesis 10 illustrated in Figure 1A of U.S. Application No.

14/197,690. In some embodiments, the inner retention assembly 116 can include an outer

retention shaft 119 to which an outer retention member 120, such as an outer retention ring,

can be attached at a distal end of the outer retention shaft 119.

[0029] As shown in the illustrated embodiment, the inner retention member 118

and the outer retention member 120 can be moveable relative to each other and can cooperate

to release the expandable prosthesis from the inner retention assembly 116. For example, the

outer retention member 120 can be sized and shaped to cover the inner retention member 118

when the first end of the expandable prosthesis is engaged with the inner retention member

118. In this embodiment, the inner retention shaft 117 may be hollow so that the outer

retention shaft 119 is slidable within the inner retention shaft 117. In embodiments where the

expandable prosthesis is engaged with the inner retention member 118, use of the outer

retention member 120 over the inner retention member 118 can restrain the expandable

prosthesis from expanding radially outward from the longitudinal axis of the prosthesis.

Upon movement of the outer retention member 120 relatively away from the inner retention

member 118, the inner retention member 118 can be uncovered such that the expandable

prosthesis can expand radially outward from the longitudinal axis of the prosthesis. In some

embodiments, release of the first end of the expandable prosthesis from the inner retention

assembly 116 wholly releases the expandable prosthesis from the delivery system 100.

Further details of an inner retention assembly are found in U.S. Patent No. US 8,652,203



referenced above. With continued reference to the embodiment shown in Figures 1A-B, the

outer elongate hollow member 110 can be sized and shaped such that, when the expandable

prosthesis is mounted on the inner retention assembly 116 and/or the inner retention shaft

117, the outer elongate hollow member 110 covers both the first and second ends of the

expandable prosthesis to hold the prosthesis in a radially restrained configuration. The outer

elongate hollow member 110 can be sized and shaped to be slidable over the inner retention

assembly 116. With respect to the arrangement shown in Figures 1A-B, when the first end of

a prosthesis is mounted on the inner retention assembly 116 and the second end of the

prosthesis is positioned proximally of the first end, the outer elongate hollow member 110

would be moved proximally relative to the inner retention assembly 116 so that the inner

retention assembly 116 and the prosthesis are covered by the outer elongate hollow member

110. The outer elongate hollow member 110 may comprise a flexible plastic material, and in

some embodiments may be slitted at its proximal end to facilitate moving the outer elongate

hollow member 110 over the prosthesis when the prosthesis is loaded onto the delivery

system. The outer elongate hollow member 110 may comprise structures and/or materials

that are generally resistant to radial expansion while being generally compliant to radial

collapse.

[0030] With the inner retention assembly 116 and the prosthesis covered by the

outer elongate hollow member 110, the outer elongate hollow member 110 can be designed

such that the outer elongate hollow member 110 can slide distally relative to the inner

retention assembly 116 and/or the inner retention assembly 116 can slide proximally relative

to the outer elongate hollow member 110. In some embodiments, distal movement of the

outer elongate hollow member 110 relative to the inner retention assembly 116 can uncover

at least the second end of the expandable prosthesis when the expandable prosthesis is

mounted on the inner retention assembly 116. Distal movement of the outer elongate hollow

member 110 relative to the inner retention assembly 116 and/or receiving member 112 can

cause longitudinal compression or collapse of at least a portion of the outer elongate hollow

member 110 into the receiving member 112. Accordingly, it should be understood that in

some embodiments the outer elongate hollow member 110, or at least some portion thereof



such as a proximal portion, can be formed from a generally deformable material. For

example, the outer elongate hollow member 110 can be a collapsible polymer sheath.

[0031] With reference now to the embodiment shown in Figures 2-5 which

illustrates a delivery device or system 200, the delivery system 200 can include components,

structures, features and/or functionality which are the same as, or similar to, those described

in connection with any of the delivery systems described herein such as delivery system 100.

The delivery system 200 can include a plurality of sheaths and/or shafts which can be sized

and shaped to be slidable relative to each other. Accordingly, it should be understood that

one or more of the plurality of shafts can be concentric with respect to another of the shafts to

facilitate slidable movement of the shafts relative to each other. The plurality of shafts can be

coupled to one or more other components of the delivery system 200.

[0032] With reference first to the embodiment of Figure 2 which illustrates a side

elevation view of the delivery system 200, the delivery system 200 can include an outer

elongate hollow member 210 such as a sheath, a receiving member 212, and one or more pull

wires 214. Similar to outer elongate hollow member 110, the outer elongate hollow member

210 can have a proximal and distal end, with the receiving member 212 positioned around the

distal end of the outer elongate hollow member 210. The one or more pull wires 214 can be

attached to at least a portion of the outer elongate hollow member 210. As shown in the

illustrated embodiment, the one or more pull wires can be attached to one or more

corresponding connector mechanisms 215 attached along a proximal portion of the outer

elongate hollow member 210. In some embodiments, connector mechanism 215 can be a

clip, suture, or fastener or other mechanical fastener as desired. In some embodiments,

connector mechanism 215 can be a bonding agent such as an adhesive or weld directly

formed on the outer elongate hollow member 210. Connector mechanisms 215 can be

formed from a material different from that of the outer elongate hollow member 210 or can

be formed from the same material. In some embodiments, the one or more pull wires 214 are

integral with the outer elongate hollow member 210.

[0033] With reference now to the embodiment shown in Figure 3 which illustrates

a partial cross-sectional view of the delivery system 200, an inner retention assembly 216 of

the delivery system 200 is more clearly illustrated. Similar to inner retention assembly 116,



inner retention assembly 216 can be designed to carry an expandable prosthesis to an in situ

target location. The inner retention assembly 216 can radially restrain a first end of the

expandable prosthesis when the expandable prosthesis is mounted thereon with a second end

of the expandable prosthesis extending proximally therefrom.

[0034] As shown in the illustrated embodiment, the inner retention assembly 216

can include an inner retention shaft 218, having a proximal and distal end, over which the

expandable prosthesis can be mounted. An inner retention member 220, such as an inner

retention ring, can be attached to a distal end of the inner retention shaft 218. In some

embodiments, the inner retention shaft 218 and inner retention member 220 can form a

monolithic unit. In other embodiments, the inner retention shaft 218 and inner retention

member 220 can be separate components which can be attached after manufacture. The inner

retention assembly 216 can include an outer retention shaft 222 having a proximal end and a

distal end to which an outer retention member 224, such as an outer retention ring, can be

attached. The inner retention member 220 and the outer retention member 224 can be

moveable relative to each other and can cooperate to release the expandable prosthesis from

the inner retention assembly 216. For example, as shown in the illustrated embodiment, the

outer retention member 224 can be sized and shaped to cover the inner retention member 220

when the first end of the expandable prosthesis is engaged with the inner retention member

220. Upon movement of the outer retention member 224 relatively away from the inner

retention member 220, the inner retention member 220 can be uncovered such that the

expandable prosthesis can expand radially outward from the longitudinal axis of the

prosthesis. In some embodiments, release of the first end of the expandable prosthesis from

the inner retention assembly 216 wholly releases the expandable prosthesis from the delivery

system 200.

[0035] With continued reference to the embodiment shown in Figure 3, the inner

retention member 220 and the outer retention member 224 can be moved relative to each

other via moving either the inner retention shaft 218 relative to the outer retention shaft 222

or by moving the outer retention shaft 222 relative to the inner retention shaft 218.

Accordingly, the outer retention shaft 222 can be sized and shaped to be slidable relative to



the inner retention shaft 218. For example, as shown in the illustrated embodiment, the outer

retention shaft 222 can be sized to be slidable within the inner retention shaft 218.

[0036] With continued reference to the embodiment shown in Figures 3 and 4, the

receiving member 212 can include a nose cone 226 and an insert 228. The insert 228 can

engage the nose cone 226 via a threaded end 229 as illustrated or via any other suitable

mechanism such as a snap-fit connection, clips, separate fasteners such as screws, bolts,

rivets and the like, bonding agents such as an adhesive, welds or other bonding techniques,

any other attachment mechanism or technique as desired, or any combination of these

mechanisms and techniques. The insert 228 can include a path 230 through which the one or

more pull wires 224 can be inserted and guided. The path 230 can be curved and, in some

embodiments, have a "U" shape. As shown in the illustrated embodiment, the one or more

pull wires 224 can extend from the corresponding connector mechanisms 215, pass through

the path 230 of the receiving member 212 and pass through and out of the inner retention

assembly 216. Accordingly, proximal movement of the end 232 of the one or more pull wires

224 can result in distal movement of the end of the one or more pull wires 224 attached to

corresponding connector mechanisms 215. As a result, retraction of the end 232 of pull wire

224 in a proximal direction can cause the proximal portion of the outer elongate hollow

member 210 to be moved distally and relatively toward the receiving member 212 to which

the outer elongate hollow member 210 is attached. As shown in the embodiment of Figure 5,

the outer elongate hollow member 210 can longitudinally compress or collapsed into the

receiving member 212.

[0037] With reference back to the embodiment shown in Figure 3, the delivery

system 200 can include a nose cone shaft 234 having a proximal and distal end. The nose

cone 226 and/or insert 228 can be attached to a distal end of the nose cone shaft 234. The

nose cone shaft 234 can be sized and shaped to be moveable relative to the inner retention

assembly 216. For example, as shown in the illustrated embodiment, the nose cone shaft 234

can be sized and shaped to be slidable within the outer retention shaft 222. The nose cone

shaft 234 can also be sized and shaped to allow a guidewire to pass therethrough.

[0038] With reference now to the embodiment shown in Figures 6-13 which

illustrates a delivery device or system 300, the delivery system 300 can include components,



structures, features and/or functionality which are the same as, or similar to, those described

in connection with any of the delivery systems described herein such as delivery systems 100,

200. The delivery system 300 can include a plurality of sheaths and/or shafts which can be

sized and shaped to be slidable relative to each other. Accordingly, it should be understood

that one or more of the plurality of shafts can be concentric with respect to another of the

shafts to facilitate slidable movement of the shafts relative to each other. The plurality of

shafts can be coupled to one or more other components of the delivery system 300.

[0039] With reference first to the embodiment of Figure 6, the delivery system

300 can include an outer elongate hollow member 310 such as a sheath and a receiving

member 312. Similar to outer elongate hollow member 210, the outer elongate hollow

member 310 can have a proximal and distal end, with the receiving member 312 positioned

around the distal end of the outer elongate hollow member 310. Similar to delivery system

200, the delivery system 300 can include an inner retention assembly 316 which can be

designed to carry an expandable prosthesis to an in situ target location. The inner retention

assembly 316 can radially restrain a first end of the expandable prosthesis when the

expandable prosthesis is mounted thereon with a second end of the expandable prosthesis

extending proximally therefrom.

[0040] As shown in the illustrated embodiment, the inner retention assembly 316

can include an inner retention shaft 318, an inner retention member 320, an outer retention

shaft 322 and an outer retention member 324 which can have structures, features and/or

functionality which are the same as, or similar to, those of inner retention shaft 218, inner

retention member 220, outer retention shaft 222 and outer retention member 224 respectively.

Moreover, the receiving member 312 can include a nose cone 326, an insert 328, and a nose

cone shaft 324. Nose cone 326, insert 328 and nose cone shaft 334 can have structures,

features and/or functionality which are the same as, or similar to, those of nose cone 226,

insert 228, and nose cone shaft 334 respectively. For purposes of brevity, reference should be

made to the discussion of these components above in connection with Figures 2-5. As shown

in the illustrated embodiment, insert 328 does not include a guide path.

[0041] With continued reference to the embodiment shown in Figures 6 and 7,

delivery system 300 can include a compression member 330, such as a squash plate, designed



to compress or collapse the outer elongate hollow member 310. The compression member

330 can have a tapered or non-tapered proximal side 331 and a toothed distal side 333 having

a plurality of slots or teeth for engaging an inner surface the outer elongate hollow member

310. The compression member 330 can be attached to the distal end of a compression shaft

332. The compression member 330 can be moveable relative to the inner retention assembly

316 and/or receiving member 312 to compress or collapse the outer elongate hollow member

310. As shown in the illustrated embodiment, the compression member 330 can be moved

relative to the inner retention assembly 316 and/or the receiving member 312 via movement

of one or more of the inner retention shaft 318, outer retention shaft 322, and nose cone shaft

334 relative to the compression shaft 332. As shown in the illustrated embodiment, the

compression shaft 332 can be sized and shaped to be slidable within the inner retention

assembly 316.

[0042] The embodiment of Figures 8-13 illustrates steps of a method of operating

the delivery system 300 and releasing a prosthesis, such as an intralumenal frame assembly,

to intralumenal tissue at an in situ target location. The steps of this method can be carried

out while the prosthesis is in a radially compacted state within the delivery system 300. In

some embodiments, the longitudinal axis of the prosthesis, which runs between the first and

second ends of the prosthesis, can be parallel to and/or concentric with the longitudinal axis

of one or more shafts of the delivery system 300. The steps of this method can be used to

transapically deliver a replacement heart valve to a mitral valve location.

[0043] With reference first to the step of Figure 8, the delivery system 300 is

shown with the receiving member 312, the inner retention assembly 316, and the

compression member 330 in a second configuration. In this second configuration, the inner

retention assembly 316 and compression member 330 are spaced away from the receiving

member 312 such that a gap 336 is formed between the compression member 330 and the

receiving member 312. These components can be transitioned from the first configuration

illustrated in Figure 6 to the second configuration illustrated in Figure 8 via movement of the

compression member 330 and the inner retention assembly 316 relatively away from the

receiving member 312. For example, the receiving member 312 can be advanced distally

relative to the compression member 330 and the inner retention assembly 316. Likewise, the



compression member 330 and the inner retention assembly 316 can be retracted proximally

relative to the receiving member 312. Either of these movements may cause a prosthesis

within the outer elongate hollow member 310 to become at least partially uncovered. For

example, a second end of a prosthesis may be uncovered and be allowed to radially expand

due to either of these movements, with the first end of the prosthesis still restrained by the

inner retention assembly 316.

[0044] With reference next to the step of Figure 9, the delivery system 300 is

shown with the receiving member 312, the inner retention assembly 316, and the

compression member 330 back in the first configuration. These components can be

transitioned from the second configuration back to the first configuration via movement of

the compression member 330 and the inner retention assembly 316 relatively toward the

receiving member 312. For example, the receiving member 312 can be retracted proximally

relative to the compression member 330 and the inner retention assembly 316. Likewise, the

compression member 330 and the inner retention assembly 316 can be advanced distally

relative to the receiving member 312.

[0045] As a result of this relative movement of the compression member 330 and

the inner retention assembly 316 towards the receiving member 312, the outer elongate

hollow member 310 is moved relatively toward the receiving member 312. Without being

limited to a particular theory of operation, this movement can result from frictional

engagement between the compression member 330 and/or the inner retention assembly 316

with the outer elongate hollow member 310. As a result of movement of the outer elongate

hollow member 310, the outer elongate hollow member 310 can be compressed or collapsed

into the gap 336 between the receiving member 312 and the compression member 330. As

shown in the illustrated embodiment, the outer elongate hollow member 310 has slightly

folded within this gap 336. Once the movement illustrated in Figure 9 has been achieved, a

prosthesis covered by the outer elongate hollow member 310 may be further exposed and

may further radially expand.

[0046] With reference next to the step of Figure 10, the delivery system 300 is

shown with the receiving member 312, the inner retention assembly 316, and the

compression member 330 in a third configuration. These components can be transitioned



from the first configuration to the third configuration via movement of the inner retention

assembly 316 relatively away from the receiving member 312 while maintaining the

compression member 330 generally in the same position relative to the receiving member

312. For example, the receiving member 312 and compression member 330 can be advanced

distally relative to the inner retention assembly 316. Likewise, the inner retention assembly

316 can be retracted proximally relative to the receiving member 312 and the compression

member 330. Either of these movements may further uncover the prosthesis and permit it to

radially expand.

[0047] Due to the compression member 330 remaining in contact with folds of

the outer elongate hollow member 310, the outer elongate hollow member 310 remains

generally in the same compressed or collapsed configuration as the inner retention assembly

316 is moved relatively away from the receiving member 312. Accordingly, it should be

noted that the outer elongate hollow member 310 remains in generally the same compressed

or collapsed state as when the components were in the previous configuration (as shown in

Figure 9).

[0048] With reference next to the step of Figure 11, the delivery system 300 is

shown with the receiving member 312, the inner retention assembly 316, and the

compression member 330 back in the second configuration. These components can be

transitioned from the third configuration back to the second configuration via movement of

the compression member 330 relatively away from the receiving member 312 while

maintaining the inner retention assembly 316 generally in the same position relative to the

receiving member 312. For example, the compression member 330 can be retracted

proximally relative to the receiving member 312 and the inner retention assembly 316.

Likewise, the receiving member 312 and the inner retention assembly 316 can be advanced

distally relative to the compression member 330.

[0049] Due in part to the tapered shape of the compression member 330 on the

proximal side and contact between the inner retention assembly 316 and the outer elongate

hollow member 310, the outer elongate hollow member 310 remains generally in the same

compressed or collapsed configuration as when the components were in the previous

configurations (as shown in Figures 9 and 10). It should be noted that while the receiving



member 312, the inner retention assembly 316 and the compression member 330 are in a

similar position to that shown in Figure 8, movement of these components from the second

configuration to the first configuration, from the first configuration to the third configuration,

and from the third configuration back to the second configuration causes compression or

collapse of the outer elongate hollow member 310. This procedure can be repeated until the

outer elongate hollow member 310 has been moved sufficiently toward the receiving member

312 to expose at least a portion, if not the entirety, of the prosthesis contained on the delivery

system 300. In order to facilitate compression or collapse of the outer elongate hollow

member 310, the outer elongate hollow member 310 can be manufactured from a material

and/or have a structure with reduced column strength.

[0050] With reference next to the step of Figure 12, the delivery device 300 is

shown in the second configuration with the outer elongate hollow member 310 having been

moved sufficiently towards the receiving member 312. At this point, the prosthesis may be

entirely or almost entirely uncovered other than its first end being retained by the inner

retention assembly 316. With reference next to the step of Figure 13, the inner retention

assembly 316 can be actuated to release the prosthesis from the delivery system 300. As

shown in the illustrated embodiment, release of the prosthesis can be achieved by moving the

inner retention member 320 relatively away from the outer retention member 324.

[0051] It will be understood that the delivery devices, such as delivery devices

100, 200, 300, can include many additional features similar to those described in U.S. Patent

Nos. 8,414,644 and 8,652,203, the entirety of each of which is hereby incorporated by

reference and made a part of this specification. For example, the nose cone can include a

prosthesis retention mechanism such as an inner retention ring that can be used to engage

with the prosthesis as may be described in these applications. Struts or other parts of a

prosthesis can be engaged with the inner retention ring and the nose cone can cover both the

prosthesis and the inner retention ring to secure the prosthesis on the delivery devices 100,

200, 300. In addition, the delivery device can be used in delivery methods similar to those

described in the above referenced patents and application.

[0052] Although this invention has been disclosed in the context of certain

preferred embodiments and examples, it will be understood by those skilled in the art that the



present invention extends beyond the specifically disclosed embodiments to other alternative

embodiments and/or uses of the invention and obvious modifications and equivalents thereof.

In addition, while a number of variations of the invention have been shown and described in

detail, other modifications, which are within the scope of this invention, will be readily

apparent to those of skill in the art based upon this disclosure. It is also contemplated that

various combinations or sub-combinations of the specific features and aspects of the

embodiments may be made and still fall within the scope of the invention. Accordingly, it

should be understood that various features and aspects of the disclosed embodiments can be

combined with or substituted for one another in order to form varying modes of the disclosed

invention. Thus, it is intended that the scope of the present invention herein disclosed should

not be limited by the particular disclosed embodiments described above, but should be

determined only by a fair reading of the claims that follow.

[0053] Similarly, this method of disclosure, is not to be interpreted as reflecting

an intention that any claim require more features than are expressly recited in that claim.

Rather, as the following claims reflect, inventive aspects lie in a combination of fewer than

all features of any single foregoing disclosed embodiment. Thus, the claims following the

Detailed Description are hereby expressly incorporated into this Detailed Description, with

each claim standing on its own as a separate embodiment.



WHAT IS CLAIMED IS:

1. A delivery system for controlled deployment of an expandable prosthesis, the

delivery system comprising:

an inner retention assembly comprising an inner elongate member having a

proximal end and a distal end configured to carry the expandable prosthesis to an in

situ target location, wherein the inner retention assembly is configured to radially

restrain a first end of the expandable prosthesis when the expandable prosthesis is

mounted over the inner elongate member with the second end of the expandable

prosthesis positioned proximally of the first end;

an outer elongate hollow member having a proximal end and a distal end that

is slidable over the inner retention assembly, the outer elongate hollow member

configured to cover the first and second ends of the expandable prosthesis when the

expandable prosthesis is mounted over the inner elongate member; and

a receiving member provided at the distal end of the outer elongate hollow

member, wherein the distal end of the outer elongate hollow member is positioned

within the receiving member and the proximal end of the outer elongate hollow

member is spaced proximally away from the receiving member;

wherein the outer elongate hollow member is moveable in a distal direction

relative to the inner retention assembly to uncover at least the second end of the

expandable prosthesis when the expandable prosthesis is mounted over the inner

elongate member, wherein distal movement of the outer elongate hollow member

relative to the inner retention assembly causes longitudinal collapse of at least a

portion of the outer elongate hollow member into the receiving member.

2. The delivery system of Claim 1, wherein the inner retention assembly

comprises an inner retention ring at the distal end of the inner elongate member configured to

engage the first end of the expandable prosthesis.

3. The delivery system of Claim 2, wherein the inner retention assembly further

comprises an outer retention ring configured to cover the inner retention ring when the inner

retention ring engages the first end of the expandable prosthesis.



4. The delivery system of any one of the preceding claims, wherein the receiving

member comprises a nose cone.

5. The delivery system of Claim 4, further comprising a nose cone shaft slidable

within the inner elongate member, wherein the nose cone is connected to a distal end of the

nose cone shaft.

6. The delivery system of any one of the preceding claims, further comprising a

plurality of pull wires connected to a proximal portion of the outer member and configured

pull the outer member distally into the receiving member.

7. The delivery system of Claim 6, wherein the pull wires extend through a

curved path within the receiving member.

8. The delivery system of any one of Claims 1-5, further comprising a squash

plate configured to cause longitudinal collapse of the outer member.

9. The delivery system of Claim 8, further comprising a compression shaft

slidable within the inner retention assembly, wherein the squash plate is connected to a distal

end of the compression shaft.

10. The delivery system of any one of the preceding claims, wherein the outer

elongate hollow member comprises a collapsible polymer sheath.

11. The delivery system of any one of the preceding claims, further comprising an

expandable prosthesis having a first end radially restrained by the inner retention assembly

and wherein the first end and the second end of the expandable prosthesis are covered by the

outer elongate hollow member.
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