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PROSTHETIC MITRAL VALVE WITH TISSUE ANCHORS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority from US Provisional Application

61/312,412, filed March 10, 2010, entitled, "Prosthetic mitral valve with tissue anchors,"

which is assigned to the assignee of the present application and is incorporated herein by

reference.

The present application is related to a US patent application entitled, "Prosthetic

mitral valve with tissue anchors," filed on even date herewith, which is assigned to the

assignee of the present application and is incorporated herein by reference.

FIELD OF EMBODIMENTS OF THE INVENTION

Embodiments of the present invention relate in general to valve replacement.

More specifically, embodiments of the present invention relate to prosthetic valves for

minimally-invasive replacement of an atrioventricular valve.

BACKGROUND

Ischemic heart disease causes regurgitation of a heart valve by the combination of

ischemic dysfunction of the papillary muscles, and the dilatation of the ventricle that is

present in ischemic heart disease, with the subsequent displacement of the papillary

muscles and the dilatation of the valve annulus.

Dilation of the annulus of the valve prevents the valve leaflets from fully coapting

when the valve is closed. Regurgitation of blood from the ventricle into the atrium results

in increased total stroke volume and decreased cardiac output, and ultimate weakening of

the ventricle secondary to a volume overload and a pressure overload of the atrium.

SUMMARY OF APPLICATIONS

For some applications of the present invention, a collapsible prosthetic valve is

configured for implantation in and/or at least partial replacement of a native

atrioventricular valve of a patient, such as a native mitral valve or a native tricuspid valve.

The prosthetic valve is configured to assume a collapsed state for minimally-invasive

delivery to the diseased native valve, such as by percutaneous or transluminal delivery



so as to define a downstream skirt and an upstream annular skirt. The downstream skirt is

configured to be placed at the native valve, such that the downstream skirt passes through

the orifice of the native valve and extends towards, and, typically partially into, a

ventricle. The downstream skirt typically pushes aside and presses against the native

leaflets of the native valve, which are typically left in place during and after implantation

of the prosthetic valve. The upstream annular skirt is configured to be placed around a

native annulus of the native valve, and to extend at least partially into an atrium such that

annular skirt rests against the native annulus.

There is therefore provided, in accordance with some applications of the present

invention, apparatus including a prosthetic atrioventricular valve for coupling to a native

atrioventricular valve, the prosthetic valve including:

a support frame;

a covering, which at least partially covers the support frame, the support frame and

the covering being shaped so as to define a downstream skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering; and

an elongated anchoring member, configured to be positioned around the

downstream skirt in a subvalvular space, such that the anchoring member presses native

leaflets of the native valve against the downstream skirt, thereby anchoring the prosthetic

valve to the native valve.

For some applications, the elongated anchoring member is configured to be

positioned completely around the downstream skirt.

For some applications, the prosthetic valve further includes a contracting housing

shaped so as to define a channel therethrough, a first end of the anchoring member is

fixed to the contracting housing, and a second end of the anchoring member passes

through the channel.

For some applications, the prosthetic valve is configured to assume collapsed and

expanded states.

There is further provided, in accordance with some applications of the present

invention, apparatus including a prosthetic atrioventricular valve for coupling to a native

atrioventricular valve, the prosthetic valve including:



a support frame;

a covering, which at least partially covers the support frame, the support frame and

the covering being shaped so as to define a downstream skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering; and

a plurality of subvalvular anchoring elements, coupled to the downstream skirt,

and configured to anchor the prosthetic valve to the native valve by piercing native

leaflets of the native valve, passing through to a subvalvular space, and applying a force

against the ventricular surface of the native leaflets.

For some applications, the prosthetic valve is configured to assume collapsed and

expanded states.

For some applications, each of the tissue coupling elements is shaped as an

element selected from the group consisting of: a hollow needle, a solid needle, a rod, and

a rectangular plate.

For some applications, the tissue coupling elements are configured to assume a

curved shape when in resting states.

For some applications, the tissue coupling elements are shaped so as to define

respective barbs.

For some applications, the tissue coupling elements include needles.

For some applications, the needles are configured to assume curved shapes when

in resting states.

For some applications, the needles are shaped so as to define respective lumens,

and the apparatus further includes an implantation tool, which includes a plurality of rigid

rods initially positioned in the lumens, respectively, so as to at least partially straighten

the needles.

For some applications, the needles include a shape memory alloy.

There is additionally provided, in accordance with some applications of the present

invention, apparatus including a prosthetic atrioventricular valve for coupling at a native

valve, the prosthetic valve including:

a support frame;



a covering, which at least partially covers the support frame, the support frame and

the covering being shaped so as to define an upstream annular skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering;

a plurality of longitudinal members, coupled to the upstream annular skirt at

respective sites; and

a plurality of tissue anchors, configured to be guided along the longitudinal

members, respectively, and to couple the upstream annular skirt to cardiac tissue in a

vicinity of the native valve.

For some applications, the prosthetic valve is configured to assume collapsed and

expanded states.

For some applications, the tissue anchors are configured to pass over the

respective longitudinal members.

For some applications, the longitudinal members include respective wires, and the

tissue anchors are configured to be guided along the respective wires.

For some applications, each of the tissue anchors includes a coupling element that

is shaped so as to define a shape selected from the group consisting of: a helix, a spiral, a

corkscrew, and a screw shaft.

For some applications, the longitudinal members are removably coupled to the

upstream annular skirt at the respective sites.

For some applications, the prosthetic valve further includes a downstream skirt.

For some applications, the prosthetic valve further includes a ventricular anchoring

assembly, which includes:

a ventricular tissue anchor; and

a ventricular longitudinal member, a first end of which is coupled to the support

structure, and a second end of which is coupled to the ventricular tissue anchor.

There is further provided, in accordance with some applications of the present

invention, a method including:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, the support frame and the



covering being shaped so as to define a downstream skirt, (c) a plurality of prosthetic

leaflets, coupled to at least one element selected from the group consisting of: the support

frame and the covering, and (d) an elongated anchoring member;

placing the prosthetic valve at a native valve of a subject, such that the

downstream skirt passes through an orifice of the native valve toward a ventricle of the

subject; and

anchoring the prosthetic valve to the native valve by positioning the elongated

anchoring member around the downstream skirt in a subvalvular space, such that the

anchoring member presses native leaflets of the native valve against the downstream skirt.

For some applications, the prosthetic valve further includes a contracting housing

shaped so as to define a channel therethrough, a first end of the anchoring member being

fixed to the contracting housing, and a second end of the anchoring member passing

through the channel, and anchoring further includes pulling on the second end of the

anchoring member to tighten the anchoring member around the native leaflets.

For some applications, placing the prosthetic valve includes delivering the

prosthetic valve to the native valve while the prosthetic valve is in a collapsed state in a

catheter, and deploying the prosthetic valve from the catheter such that prosthetic valve

assumes an expanded state.

There is further provided, in accordance with some applications of the present

invention, a method including:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, the support frame and the

covering being shaped so as to define a downstream skirt, (c) a plurality of prosthetic

leaflets, coupled to at least one element selected from the group consisting of: the support

frame and the covering, and (d) a plurality of subvalvular anchoring elements, coupled to

the downstream skirt;

placing the prosthetic valve at a native valve of a subject, such that the

downstream skirt passes through an orifice of the native valve toward a ventricle of the

subject; and

anchoring the prosthetic valve to the native valve by causing the subvalvular

anchoring elements to pierce native leaflets of the native valve, pass through to a

subvalvular space, and apply a force against the ventricular surface of the native leaflets.



For some applications, placing the prosthetic valve includes delivering the

prosthetic valve to the native valve while the prosthetic valve is in a collapsed state in a

catheter, and deploying the prosthetic valve from the catheter such that the prosthetic

valve assumes an expanded state.

For some applications, placing includes placing the prosthetic valve such that the

downstream skirt pushes aside and presses against the native leaflets.

For some applications, the needles are shaped so as to define respective lumens,

and anchoring includes causing the subvalvular anchoring elements to pierce the native

leaflets while a rigid rods are initially positioned in the lumens, respectively, so as to at

least partially straighten the needles, and subsequently withdrawing the rods from the

lumens.

There is further provided, in accordance with some applications of the present

invention, a method including:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, the support frame and the

covering being shaped so as to define an upstream annular skirt, (c) a plurality of

prosthetic leaflets, coupled to at least one element selected from the group consisting of:

the support frame and the covering, and (d) a plurality of longitudinal members, coupled

to the upstream annular skirt at respective sites;

placing the prosthetic valve at a native valve of a subject, such that the upstream

annular skirt rests against a native annulus of the native valve, and the longitudinal

members extend into an atrium of the subject;

guiding a plurality of tissue anchors along the longitudinal members, respectively;

and

using the anchors, coupling the upstream annular skirt to cardiac tissue in a

vicinity of the native valve.

For some applications, the method further includes decoupling the elongated

members from the upstream annular skirt.

For some applications, the method further includes, after placing the prosthetic

valve at the native valve and before coupling the upstream annular skirt to the cardiac



tissue using the tissue anchors, temporarily anchoring the prosthetic valve to a ventricular

wall of the subject using one or more ventricular cords.

For some applications, placing the prosthetic valve includes delivering the

prosthetic valve to the native valve while the prosthetic valve is in a collapsed state in a

catheter, and deploying the prosthetic valve from the catheter such that the prosthetic

valve assumes an expanded state.

For some applications, placing the prosthetic valve includes placing the prosthetic

valve at the native valve such that the longitudinal members pass through the catheter.

For some applications, the prosthetic valve further includes a downstream skirt,

and placing includes placing the prosthetic valve at the native valve such the downstream

skirt passes through an orifice of the native valve toward a ventricle of the subject.

For some applications, placing includes placing the prosthetic valve such that the

downstream skirt pushes aside and presses against native leaflets of the native valve.

The present invention will be more fully understood from the following detailed

description of applications thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of a collapsible prosthetic valve, in accordance

with an application of the present invention;

Figs. 2A-B are schematic illustrations of a technique for anchoring the prosthetic

valve of Fig. 1 at a native valve, in accordance with an application of the present

invention;

Figs. 3A-B are schematic illustrations of another technique for anchoring the

prosthetic valve of Fig. 1 at the native valve, in accordance with an application of the

present invention;

Figs. 4A-C are schematic illustrations of yet another technique for anchoring the

prosthetic valve of Fig. 1 at the native valve, in accordance with respective applications of

the present invention;

Figs. 5A-C are schematic illustrations of additional techniques for anchoring the

prosthetic valve of Fig. 1 at the native valve, in accordance with respective applications of

the present invention;



Fig. 6 is a schematic illustration of yet another technique for anchoring the

prosthetic valve of Fig. 1 at the native valve, in accordance with an application of the

present invention;

Fig. 7 is a schematic illustration of still another technique for anchoring the

prosthetic valve of Fig. 1 at the native valve, in accordance with an application of the

present invention; and

Figs. 8A-G are schematic illustrations of a valve contraction tool and a procedure

for the use thereof, in accordance with an application of the present invention.

DETAILED DESCRIPTION OF APPLICATIONS

Fig. 1 is a schematic illustration of a collapsible prosthetic valve 10, in accordance

with an application of the present invention. Prosthetic valve 10 is configured for

implantation in and/or at least partial replacement of a native atrioventricular valve 12 of a

patient, such as a native mitral valve or a native tricuspid valve. The prosthetic valve is

typically configured to assume a collapsed state for minimally-invasive delivery to the

diseased native valve, such as by percutaneous or transluminal delivery using one or more

catheters. Fig. 1 and the other figures show the prosthetic valve in an expanded state after

delivery to the native valve.

Prosthetic valve 0 comprises a collapsible flexible support frame 20, which is at

least partially covered by a covering 22. The prosthetic valve is shaped so as to define a

downstream skirt 24 and an upstream annular skirt 26. The downstream skirt is

configured to be placed at native valve 12, such that the downstream skirt passes through

the orifice of the native valve and extends towards, and, typically partially into, a ventricle

28. The downstream skirt typically pushes aside and presses against native leaflets 30 of

native valve 12, which are typically left in place during and after implantation of the

prosthetic valve. The upstream annular skirt is configured to be placed around a native

annulus 32 of the native valve, and to extend at least partially into an atrium 34 such that

annular skirt rests against the native annulus. The annular skirt is typically too large to

pass through the annulus, and may, for example, have an outer diameter of between 30

and 60 mm.

For some applications, collapsible support frame 20 comprises a stent, which

comprises a plurality of struts. The struts may comprise, for example, a metal such as



Nitinol or stainless steel. For some applications, covering 22 comprises a fabric, such as a

woven fabric, e.g., Dacron. Covering 22 is typically configured to cover at least a portion

of downstream skirt 24, and at least a portion of upstream annular skirt 26, such as the

entire annular skirt (as shown in Fig. 1). The covering may comprise a single piece, or a

plurality of pieces sewn together.

Prosthetic valve 10 further comprises a plurality of valve leaflets 40, which may

be artificial or tissue-based. The leaflets are typically coupled to an inner surface of the

valve prosthesis, such as near the junction between the downstream and upstream skirts

24 and 26. The leaflets are coupled, e.g., sewn, to frame 20 and/or covering 22. For

applications in which the prosthetic valve is configured to be implanted at the native

mitral valve, the prosthetic valve typically comprises three leaflets 40, such as shown in

Fig. 1.

For some applications, such as shown in Fig. 1, prosthetic valve 10 comprises a

plurality of tissue anchors 50 for coupling the prosthetic valve to native valve 12, such as

the mitral valve. The anchors are typically distributed approximately evenly around

upstream annular skirt 26, and couple the upstream skirt to native annulus 32. Typically,

each of anchors 50 comprises a tissue-coupling element 52 coupled to a base 54. Tissue-

coupling element 52 is configured to pass through upstream annular skirt 26 and penetrate

the tissue of the native annulus, and may, for example, be shaped as a corkscrew, spiral,

helix, or screw shaft. Base 54 is configured to be too large to pass through the upstream

annular skirt. The tissue-coupling element is advanced into the tissue, such as by rotation,

until the base comes in contact with and is held tightly against the upstream side of the

upstream annular skirt, thus creating a seal between the upstream skirt and the native

annulus. For some applications, prosthetic valve 10 comprises between 5 and 20 anchors,

such as between 10 and 15 anchors, e.g., 15 anchors. It is noted that, unlike in some prior

techniques for coupling prosthetic valves to native valve sites, sutures are typically not

used for coupling prosthetic valve 10 to the native valve site.

Reference is now made to Figs. 2A-B, which are schematic illustrations of a

technique for anchoring prosthetic valve 10 at native valve 12, in accordance with an

application of the present invention. In this application, prosthetic valve 10 is at least

initially coupled to a plurality of flexible elongated members 70, such as wires, cords, or



sutures. Elongated members 70 are typically removably coupled to upstream annular skirt

26 at respective sites at which respective anchors 50 subsequently pass through the skirt.

As shown in Fig. 2A, during an implantation procedure, the surgeon places

prosthetic valve 10 at a desired location at native valve 12. Elongated members 70 extend

into atrium 34, and typically pass through a catheter 72 used to perform the implantation

procedure, optionally the same catheter through which prosthetic valve 10 is deployed

into the atrium. Optionally, the prosthetic valve is temporarily held in place using the

anchoring techniques described hereinbelow with reference to Figs. 4A-C (or permanently

held in place using such anchoring, in combination with the anchoring described

hereinbelow with reference to Fig. 2B). For example, the prosthetic valve may be

temporarily anchored to the ventricular wall, such as to the apex or one or more papillary

muscles, using one or more ventricular cords, as described hereinbelow.

Subsequently, as shown in Fig. 2B, each of anchors 50 is guided along (e.g.,

passed over, or alongside) a respective one of elongated members 70, until the anchor

reaches upstream annular skirt 26. The anchor is coupled to cardiac tissue, such as by

using a rotation tool 1 that is separately passed over each of elongated members 70.

Typically, the elongated member is then decoupled from upstream annular skirt 26. For

example, a cutting tool may be used to decouple the elongated member from the skirt; the

cutting tool may be passed through catheter 72, and/or guided along the elongated

member. Alternatively, the elongated member may be looped through the skirt, such that

both ends of the elongated member remain outside of the patient's body. The surgeon

decouples the elongated member from the skirt by releasing one end of the elongated

member and pulling on the other end, until the elongated member is drawn from the skirt.

Alternatively, the elongated member is cut at some distance from upstream annular skirt

26, such that a portion of the elongated member remains coupled to the upstream annular

skirt. These steps are repeated for each of the anchors and elongated members.

These techniques enable the surgeon to readily bring the anchors to the appropriate

sites of the upstream annular skirt, without the need for excessive imaging, such as

fluoroscopy.

Reference is made to Figs. 3A-B, which are schematic illustrations of another

technique for anchoring prosthetic valve 10 at native valve 12, in accordance with an

application of the present invention. In this application, anchors 50 are initially coupled



to respective flexible elongated members 70, such as wires, cords, or sutures. For some

applications, each of the anchors comprises an upstream post 73, to which a respective

elongated member 70 is coupled. Optionally, the posts comprise a flexible material, such

as silicone.

As shown in Fig. 3A, during an implantation procedure, the surgeon couples

anchors 70 to respective sites of cardiac tissue on native annulus 32. For example, the

surgeon may use a rotation tool passed along (e.g., over or alongside) each of elongated

members 70.

Subsequently, as shown in Fig. 3B, the surgeon passes prosthetic valve 10 over

elongated members 70, until the prosthetic valve reaches the native valve and upstream

annular skirt 26 rests against the atrial side of native annulus 32. In order to guide the

prosthetic valve to the anchors and desired anatomical position, elongated members 70

pass through respective locations on upstream annular skirt 26. Upstream annular skirt 26

is then coupled to the anchors, e.g., posts 73 thereof, to hold the prosthetic valve in place

at the native annulus, creating a seal between the upstream skirt and the native annulus.

This anchoring technique typically reshapes the native annulus to assume a rounder shape,

similar to that of the prosthetic valve.

For some applications, respective coupling elements 74 are used to couple the skirt

to the posts of the anchors. The coupling elements may be passed over elongated

members 70. For example, the coupling elements may be shaped as discs with inwardly-

facing teeth that engage the posts, and prevent removal of the disc from the posts. The

elongated members are subsequently decoupled from anchors 50. For example, a cutting

tool may be used to decouple the elongated members from the anchors; the cutting tool

may be passed through catheter 72, and/or guided along the elongated member.

Alternatively, the elongated members may be looped through the anchors, such that both

ends of each elongated member remain outside of the patient's body. The surgeon

decouples the elongated member from the anchor by releasing one end of the elongated

member and pulling on the other end, until the elongated member is drawn from the

anchor.

Reference is made to Figs. 4A-C, which are schematic illustrations of another

technique for anchoring prosthetic valve 10 at native valve 12, in accordance with

respective applications of the present invention. In these applications, prosthetic valve 10



is held in place at native valve 12 by a ventricular anchoring assembly. The ventricular

anchoring assembly comprises one or more ventricular longitudinal members, such as

ventricular cords 102, and one or more respective ventricular tissue anchors 50, described

hereinabove. The ventricular cords are coupled, using the respective anchors, to

respective ventricular sites, such as respective papillary muscles 100 (as shown in Figs.

4A-C) or other locations of the ventricular wall, such as near the apex of ventricle 28

(configuration not shown). The cords pull prosthetic valve 10 toward ventricle 28, such

that upstream annular skirt 26 is pulled tightly against native annulus 32. As mentioned

above, the upstream annular skirt is too large to pass through the native annulus, and is

thus held in place by the cords.

For some applications, in order to tense ventricular cords 102, prosthetic valve 10

and upstream portions 110 of the cords are configured to provide one-way upstream

motion of the cords with respect to the prosthetic valve, and to prevent distal motion of

the cords. For example, upstream portions 110 of the cords may be shaped so as to define

a one-way ratchet, which can pass through upstream annular skirt 26 in an upstream

direction, but not in a downstream direction. After the cords have been anchored to the

ventricular sites and the prosthetic valve has been placed in position at the native annulus,

the surgeon pulls upstream on the upstream ends of the cords, in order to tense the cords.

Optionally, as shown in Figs. 4B and 4C, upstream annular skirt 26 comprises ratcheting

elements 112, through which ratcheted upstream portions 110 of ventricular cords 102

pass, in order to prevent such downstream motion.

For some applications, in order to provide access to anchors 50 during coupling of

the anchors to the ventricular sites, the surgeon first introduces the anchors and cords into

the ventricle, thereafter couples the anchors to the ventricular sites, and subsequently

positions the prosthetic valve at the native annulus. The cords may pass between

downstream skirt 24 and native leaflets 30 (as shown in Figs. 4A-C), or through the

downstream skirt (configuration not shown).

For some applications, as shown in Fig. 4C, the surgeon crosses cords 102 in the

ventricle, such that the cords assume an X-shape when viewed from the side. Such

crossing may provide firmer anchoring of the prosthetic valve to the native annulus.



For some applications, the coupling techniques described with reference to Figs.

4A-C effect ventricular remodeling, in addition to or instead of anchoring the prosthetic

valve to the native valve site.

For some applications, instead of being coupled to upstream annular skirt 26 (as

shown in Figs. 4A-C), cords 102 are alternatively or additionally coupled to downstream

skirt 24, such as to struts of the support frame thereof, e.g., at or near a downstream end of

the downstream skirt (configuration not shown).

Reference is made to Figs. 5A-C, which are schematic illustrations of additional

techniques for anchoring prosthetic valve 10 at native valve 12, in accordance with

respective applications of the present invention. In these applications, prosthetic valve 10

comprises one or more subvalvular anchoring elements 120, which are configured to

pierce native leaflets 30 and pass through to a subvalvular space. Anchoring elements

120 are typically shaped and positioned to apply a force against the ώ Γ surface of

native leaflets 30, thereby holding upstream annular skirt 26 against the native annulus.

The anchoring elements are generally elongated (e.g., have a length of between 2 and 7

mm), and may, for example, be shaped as hollow needles, solid needles, rods, or

rectangular plates. The anchoring elements typically comprise a metal, such as Nitinol.

For some applications, as shown in Fig. 5A, distal ends of anchoring elements 120

are curved toward upstream annular skirt 26, and thus toward the ventricular surface of

the native annulus when the prosthetic valve is implanted. For other applications, as

shown in Fig. 5B, the distal ends of the anchoring elements are folded. Alternatively or

additionally (i.e., optionally in combination with the application shown in Fig. 5A or the

application shown in Fig. 5B), the distal ends of the anchoring elements are shaped so as

to define respective barbs 124, as shown in Fig. 5C.

For some applications, as shown in Fig. 5A, the anchoring elements are configured

to assume a curved shape when in resting states. In order to more readily pierce the native

leaflets, the anchoring elements are configured to initially assume a straighter shape

during the implantation procedure. For example, as shown as configuration "A" of Fig.

5A, rigid rods 122 may be initially inserted into the lumens of the anchoring elements,

which are shaped as hollow needles, in order to at least partially straighten the anchoring

elements. After the anchoring elements have penetrated the native leaflets, rods 122 are

withdrawn from the anchoring elements, and the anchoring elements assume their curved



shapes, as shown as configuration "B" of Fig. 5A. For some applications, an implantation

tool is provided that comprises rods 122. This technique may additionally be used in

combination with the application shown in Fig. 5B or the application shown in Fig. 5C.

Alternatively or additionally, the anchoring elements comprises a shape memory alloy

that is configured to initially assume a straighter shape, e.g., at a first temperature, and

subsequently a curved shape, e.g., at a second temperature.

Reference is made to Fig. 6, which is a schematic illustration of yet another

technique for anchoring prosthetic valve 10 at native valve 12, in accordance with an

application of the present invention. In this application, prosthetic valve 10 comprises an

elongated anchoring member 152, such as a cord, strip, wire, or suture. Anchoring

member 152 is configured to be positioned around at least a radial portion of downstream

skirt 24 and be positioned in a subvalvular space 150. When tightened, the anchoring

member squeezes native leaflets 30 against downstream skirt 24, thereby fixing prosthetic

valve 10 in place at the native valve, and creating a seal between the valve prosthesis and

the native leaflets. For some applications, anchoring member 152 is positioned

completely around, i.e., surrounds, downstream skirt 24. For some applications, the

anchoring member is introduced into the subvalvular space and brought around the native

leaflets using a guidewire that is introduced around the leaflets tangential to native

annulus 32.

For some applications, valve prosthesis 10 further comprises a contracting housing

154. Typically, a first end of anchoring member 152 is fixed to the contracting housing,

and a second end of the anchoring member passes through a channel of the contracting

housing. Pulling on the second end of the anchoring member tightens the anchoring

member around the native leaflets. For some applications, an upstream portion of the

anchoring member is shaped so as to define a ratchet, which allows tightening, but not

loosening, of the anchoring member.

Reference is made to Fig. 7, which is a schematic illustration of still another

technique for anchoring prosthetic valve 10 at native valve 12, in accordance with an

application of the present invention. In this application, downstream skirt 24 is shaped so

as to define a plurality of anchoring arms 180, which extend in an upstream direction from

a downstream end of downstream skirt 24 (as shown in Fig. 7), or from locations near the



downstream end of the downstream skirt (configuration not shown). The coupling arms

are configured to be positioned in the subvalvular space.

Prosthetic valve 10 is configured to assume two states: (a) an extended, unlocked

state 182, shown as configuration "A" of Fig. 7, and (b) a contracted, locked state 184,

shown as configuration "B" of Fig. 7. A longitudinal length of prosthetic valve 10 along a

central longitudinal axis 186 thereof is greater when the prosthetic valve is in extended,

unlocked state 182, than when the prosthetic valve is in contracted, locked state 184. The

prosthetic valve is typically configured to allow one-way passage from unlocked state 182

to locked state 184. For example, mating downstream and upstream portions 188 and 190

of downstream skirt 24 may be shaped so as to define corresponding ratchet teeth 192,

which allow downstream portion 188 to move in an upstream direction with respect to

upstream portion 190, but not in a downstream direction with respect thereto.

During an implantation procedure, prosthetic valve 1 initially assumes extended,

unlocked state 182. The prosthetic valve is advanced to native valve 12 in this unlocked

state, and anchoring arms 180 are positioned such that native leaflets 30 are between the

anchoring arms and the body of downstream skirt 24. The surgeon causes the prosthetic

valve to assume contracted, locked state 184. In locked state 184 the anchoring arms

squeeze and grasp native leaflets 30 and a portion of native annulus 32 between the

anchoring arms, the body of the downstream skirt 24, and upstream annular skirt 26. In

this application, upstream annular skirt 26 may comprise relative short upstream arms

194, which may correspond to and be aligned with anchoring arms 180 of downstream

skirt 24. Optionally, upstream arms 194 may comprise one or more spikes 196, which are

configured to pierce native annulus 32 in order to aid with anchoring.

Figs. 8A-G are schematic illustrations of a valve contraction tool 200 and a

procedure for the use thereof, in accordance with an application of the present invention.

Valve contraction tool 200 is optionally used with the configuration of prosthetic valve 10

described hereinabove with reference to Fig. 7, in order to cause prosthetic valve 10 to

transition from extended, unlocked state 182 to contracted, locked state 184.

As best seen in Fig. 8E, tool 200 comprises a catheter 220, and an upstream

pushing tube (not shown), a downstream end of which is coupled to an upstream pushing

adaptor 212. Upstream pushing adaptor 212 is configured to assume an umbrella-like

shape when expanded, forming a downstream ring that is sized to rest and push against



upstream annular skirt 26. Tool 200 further comprises a downstream pulling adaptor 214,

which is coupled to a pulling wire 16. Downstream pulling adaptor 214 is configured to

rest against the downstream end of downstream skirt 24. Pulling wire 216 is coupled to

the downstream pulling adaptor (e.g., at a center thereof), and passes through upstream

pushing adaptor 212 and the upstream pushing tube.

For some applications, a procedure using tool 200 begins with the introduction of

catheter 220, as shown in Fig. 8A. Catheter 220 is advanced through the lumen of

prosthetic valve 10, until a downstream cap 222 of the catheter passes entirely through the

prosthetic valve, as shown in Fig. 8B.

As shown in Fig. 8C, downstream cap 222 is extended downstream from a

downstream adaptor holder 224, releasing downstream pulling adaptor 214 from

downstream adaptor holder 224. Upon release, downstream pulling adaptor 214 expands.

Pulling wire 216 is pulled in an upstream direction, pulling downstream pulling adaptor

214 against downstream portion 188 of downstream skirt 24, as shown in Fig. 8D.

As shown in Fig. 8E, upstream pushing adaptor 212 is deployed from catheter 220

against upstream annular skirt 26. In order to longitudinally contract prosthetic valve 10,

the surgeon pulls pulling wire 216 in an upstream direction, while simultaneously pushing

on the pushing tube in a downstream direction. The pushing tube pushes upstream

pushing adaptor 212 against upstream annular skirt 26, thereby holding the annular skirt

against native annulus 32, and holding upstream portion 190 of downstream skirt 24

stationary. Pulling wire 216 pulls o downstream pulling adaptor 214, causing the

downstream pulling adaptor to pull downstream portion 188 of downstream skirt 24

toward upstream portion 190, thereby contracting the prosthetic valve.

Upstream pushing adaptor 212 is retracted into catheter 220, and downstream

pulling adaptor 214 is retracted into downstream adaptor holder 224, as shown in Fig. 8F.

Pulling wire 216 pulls adaptor holder 224 and downstream cap 222 against the body of

catheter 220, and the catheter is withdrawn from prosthetic valve 10, as shown in Fig. 8G.

Although prosthetic valve 10 has been described herein as being configured for

implantation in and/or at least partial replacement of a native atrioventricular valve, for

some applications prosthetic valve 10 is configured for implantation in and/or at least

partial replacement of a native aortic valve or a native pulmonary valve, mutatis mutandis.



It will be appreciated by persons skilled in the art that the present invention is not

limited to what has been particularly shown and described hereinabove. Rather, the scope

of the present invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations and modifications thereof that are

not in the prior art, which would occur to persons skilled in the art upon reading the

foregoing description.



CLAIMS

1. Apparatus comprising a prosthetic atrioventricular valve for coupling to a native

atrioventricular valve, the prosthetic valve comprising:

a support frame;

a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define a downstream skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering; and

an elongated anchoring member, configured to be positioned around the

downstream skirt in a subvalvular space, such that the anchoring member presses native

leaflets of the native valve against the downstream skirt, thereby anchoring the prosthetic

valve to the native valve.

2. The apparatus according to claim 1, wherein the elongated anchoring member is

configured to be positioned completely around the downstream skirt.

3. The apparatus according to claim 1, wherein the prosthetic valve further comprises

a contracting housing shaped so as to define a channel therethrough, wherein a first end of

the anchoring member is fixed to the contracting housing, and wherein a second end of

the anchoring member passes through the channel.

4. The apparatus according to claim 1, wherein the prosthetic valve is configured to

assume collapsed and expanded states.

5. Apparatus comprising a prosthetic atrioventricular valve for coupling to a native

atrioventricular valve, the prosthetic valve comprising:

a support frame;

a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define a downstream skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering; and

a plurality of subvalvular anchoring elements, coupled to the downstream skirt,

and configured to anchor the prosthetic valve to the native valve by piercing native

leaflets of the native valve, passing through to a subvalvular space, and applying a force

against the ventricular surface of the native leaflets.



6 . The apparatus according to claim 5, wherein the prosthetic valve is configured to

assume collapsed and expanded states.

7. The apparatus according to claim 5, wherein each of the tissue coupling elements

is shaped as an element selected from the group consisting of: a hollow needle, a solid

needle, a rod, and a rectangular plate.

8 . The apparatus according to claim 5, wherein the tissue coupling elements are

configured to assume a curved shape when in resting states.

9. The apparatus according to claim 5, wherein the tissue coupling elements are

shaped so as to define respective barbs.

10. The apparatus according to any one of claims 5-9, wherein the tissue coupling

elements comprise needles.

11. The apparatus according to claim 1 wherein the needles are configured to

assume curved shapes when in resting states.

12. The apparatus according to claim 11, wherein the needles are shaped so as to

define respective lumens, and wherein the apparatus further comprises an implantation

tool, which comprises a plurality of rigid rods initially positioned in the lumens,

respectively, so as to at least partially straighten the needles.

13. The apparatus according to claim 11, wherein the needles comprise a shape

memory alloy.

14. Apparatus comprising a prosthetic atrioventricular valve for coupling at a native

valve, the prosthetic valve comprising:

a support frame;

a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define an upstream annular skirt;

a plurality of prosthetic leaflets, coupled to at least one element selected from the

group consisting of: the support frame and the covering;

a plurality of longitudinal members, coupled to the upstream annular skirt at

respective sites; and



a plurality of tissue anchors, configured to be guided along the longitudinal

members, respectively, and to couple the upstream annular skirt to cardiac tissue in a

vicinity of the native valve.

15. The apparatus according to claim 14, wherein the prosthetic valve is configured to

assume collapsed and expanded states.

16. The apparatus according to claim 14, wherein the tissue anchors are configured to

pass over the respective longitudinal members.

17. The apparatus according to claim 14, wherein the longitudinal members comprise

respective wires, and wherein the tissue anchors are configured to be guided along the

respective wires.

18. The apparatus according to claim 14, wherein each of the tissue anchors comprises

a coupling element that is shaped so as to define a shape selected from the group

consisting of: a helix, a spiral, a corkscrew, and a screw shaft.

19. The apparatus according to claim 14, wherein the longitudinal members are

removably coupled to the upstream annular skirt at the respective sites.

20. The apparatus according to claim 14, wherein the prosthetic valve further

comprises a downstream skirt.

21. The apparatus according to claim 14, wherein the prosthetic valve further

comprises a ventricular anchoring assembly, which comprises:

a ventricular tissue anchor; and

a ventricular longitudinal member, a first end of which is coupled to the support

structure, and a second end of which is coupled to the ventricular tissue anchor.

22. A method comprising:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define a downstream skirt, (c) a plurality of

prosthetic leaflets, coupled to at least one element selected from the group consisting of:

the support frame and the covering, and (d) an elongated anchoring member;



placing the prosthetic valve at a native valve of a subject, such that the

downstream skirt passes through an orifice of the native valve toward a ventricle of the

subject; and

anchoring the prosthetic valve to the native valve by positioning the elongated

anchoring member around the downstream skirt in a subvalvular space, such that the

anchoring member presses native leaflets of the native valve against the downstream skirt.

23. The method according to claim 22, wherein positioning the elongated anchoring

member comprises positioning the elongated anchoring member completely around the

downstream skirt.

24. The method according to claim 22, wherein the prosthetic valve further includes a

contracting housing shaped so as to define a channel therethrough, wherein a first end of

the anchoring member is fixed to the contracting housing, and wherein a second end of

the anchoring member passes through the channel, and wherein anchoring further

comprises pulling on the second end of the anchoring member to tighten the anchoring

member around the native leaflets.

25. The method according to claim 22, wherein placing the prosthetic valve comprises

delivering the prosthetic valve to the native valve while the prosthetic valve is in a

collapsed state in a catheter, and deploying the prosthetic valve from the catheter such that

prosthetic valve assumes an expanded state.

26. A method comprising:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define a downstream skirt, (c) a plurality of

prosthetic leaflets, coupled to at least one element selected from the group consisting of:

the support frame and the covering, and (d) a plurality of subvalvular anchoring elements,

coupled to the downstream skirt;

placing the prosthetic valve at a native valve of a subject, such that the

downstream skirt passes through an orifice of the native valve toward a ventricle of the

subject; and

anchoring the prosthetic valve to the native valve by causing the subvalvular

anchoring elements to pierce native leaflets of the native valve, pass through to a

subvalvular space, and apply a force against the ventricular surface of the native leaflets.



27. The method according to claim 26, wherein placing the prosthetic valve comprises

delivering the prosthetic valve to the native valve while the prosthetic valve is in a

collapsed state in a catheter, and deploying the prosthetic valve from the catheter such that

the prosthetic valve assumes an expanded state.

28. The method according to claim 26, wherein each of the tissue coupling elements is

shaped as an element selected from the group consisting of: a hollow needle, a solid

needle, a rod, and a rectangular plate.

29. The method according to claim 26, wherein the tissue coupling elements are

configured to assume a curved shape when in resting states.

30. The method according to claim 26, wherein the tissue coupling elements are

shaped so as to define respective barbs.

31. The method according to claim 26, wherein placing comprises placing the

prosthetic valve such that the downstream skirt pushes aside and presses against the native

leaflets.

32. The method according to any one of claims 26-31, wherein the tissue coupling

elements include needles.

33. The method according to claim 32, wherein the needles are configured to assume

curved shapes when in resting states.

34. The method according to claim 33, wherein the needles are shaped so as to define

respective lumens, and wherein anchoring comprises causing the subvalvular anchoring

elements to pierce the native leaflets while a rigid rods are initially positioned in the

lumens, respectively, so as to at least partially straighten the needles, and subsequently

withdrawing the rods from the lumens.

35. The method according to claim 33, wherein the needles comprise a shape memory

alloy.

36. A method comprising:

providing a prosthetic atrioventricular valve, which includes (a) a support frame,

(b) a covering, which at least partially covers the support frame, wherein the support

frame and the covering are shaped so as to define an upstream annular skirt, (c) a plurality

of prosthetic leaflets, coupled to at least one element selected from the group consisting



of: the support frame and the covering, and (d) a plurality of longitudinal members,

coupled to the upstream.annular skirt at respective sites;

placing the prosthetic valve at a native valve of a subject, such that the upstream

annular skirt rests against a native annulus of the native valve, and the longitudinal

members extend into an atrium of the subject;

guiding a plurality of tissue anchors along the longitudinal members, respectively;

and

using the anchors, coupling the upstream annular skirt to cardiac tissue in a

vicinity of the native valve.

37. The method according to claim 36, further comprising decoupling the elongated

members from the upstream annular skirt.

38. The method according to claim 36, further comprising, after placing the prosthetic

valve at the native valve and before coupling the upstream annular skirt to the cardiac

tissue using the tissue anchors, temporarily anchoring the prosthetic valve to a ventricular

wall of the subject using one or more ventricular cords.

39. The method according to claim 36, wherein guiding comprises passing the tissue

anchors the tissue anchors over the respective longitudinal members.

40. The method according to claim 36, wherein the longitudinal members include

respective wires, and wherein guiding comprises guiding the tissue anchors along the

respective wires.

41. The method according to claim 36, wherein each of the tissue anchors includes a

coupling element that is shaped so as to define a shape selected from the group consisting

of: a helix, a spiral, a corkscrew, and a screw shaft.

42. The method according to any one of claims 36-41, wherein placing the prosthetic

valve comprises delivering the prosthetic valve to the native valve while the prosthetic

valve is in a collapsed state in a catheter, and deploying the prosthetic valve from the

catheter such that the prosthetic valve assumes an expanded state.

43. The method according to claim 42, wherein placing the prosthetic valve comprises

placing the prosthetic valve at the native valve such that the longitudinal members pass

through the catheter.



44. The method according to any one of claims 36-41, wherein the prosthetic valve

further includes a downstream skirt, and wherein placing comprises placing the prosthetic

valve at the native valve such the downstream skirt passes through an orifice of the native

valve toward a ventricle of the subject.

45. The method according to claim 44, wherein placing comprises placing the

prosthetic valve such that the downstream skirt pushes aside and presses against native

leaflets of the native valve.
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