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MITRAL REPAIR AND REPLACEMENT DEVICES AND METHODS

BACKGROUND

Field

[0001] The invention generally relates to medical devices and procedures pertaining to heart
valve repair and prosthetic heart valves. More specifically, the invention relates to repair and/or
replacement of heart valves that have malformations or dysfunctions. Embodiments of the
invention relate to devices and methods for reshaping or resizing the native mitral valve, further
treatments for reducing residual leakage at the mitral valve annulus, and replacement of the
functionality of the mitral valve with a prosthetic heart valve, for example, when leakage

persists.

Description of Related Art

[0002] Referring first generally to Figs. 1 and 2, the mitral valve controls the flow of blood
between the left atrium and the left ventricle of the human heart. After the left atrium receives
oxygenated blood from the lungs via the pulmonary veins, the mitral valve permits the flow of
the oxygenated blood from the left atrium into the left ventricle. When the left ventricle
contracts, the oxygenated blood held in the left ventricle is delivered through the aortic valve
and the aorta to the rest of the body. Meanwhile, the mitral valve closes during ventricular
contraction, to prevent the flow of blood back into the left atrium.

[0003] The mitral valve includes an anterior leaflet and a posterior leaflet. When the left
ventricle contracts, the anterior and posterior leaflets come together and the blood pressure in
the left ventricle increases substantially to urge the mitral valve closed. Due to the large
pressure differential between the left ventricle and the left atrium during ventricular contraction,
a possibility of prolapse, or cversion of the lecaflets of the mitral valve back into the atrium,
arises. To prevent this, a series of chordac tendineac connect the mitral valve to the papillary

muscles along opposing walls of the left ventricle. The chordac tendineae are schematically
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illustrated in both the heart cross-section of Fig. 1 and the top view of the mitral valve in Fig. 2.
Just before and during ventricular contraction, the papillary muscles also contract and maintain
tension in the chordae tendinecae, to hold the leaflets of the mitral valve in the closed position
and preventing them from turning inside-out and back into the atrium, thereby also preventing
backflow of the oxygenated blood into the atrium.

[0004] A general shape of the mitral valve and its leaflets as seen from the left atrium is
illustrated in Fig. 2. Complications of the mitral valve can potentially cause fatal heart failure.
One form of valvular heart disease is mitral valve leak, also known as mitral regurgitation,
characterized by the abnormal leaking of blood from the left ventricle back into the left atrium
through the mitral valve.

[0005] Mitral regurgitation is a common problem, and various options to reduce or prevent
mitral regurgitation that can be more casily tolerated or handled by a body of a patient have
been researched.

[0006] One repair solution for a patient exhibiting mitral regurgitation or other mitral valve
leakage employs a catheter procedure, where a free edge of the anterior leaflet is attached to a
free edge of the posterior leaflet. The idea for this procedure was promoted by Dr. Ottavio
Alfieri, who described seeing a patient who had a congenital anomaly where the anterior leaflet
edge was fused to the posterior leaflet edge, and surmised that that could potentially provide a
good solution to mitral regurgitation. Dr. Alfieri performed many procedures where the mitral
annulus was repaired by reduction using an annuloplasty ring to reshape the native mitral valve
annulus to be smaller and/or more circular or otherwise consistent, and then controlling residual
leakage by an approximation and attachment of the anterior leaflet edge to the posterior leaflet
edge at a desired arrangement. Performance of many leaky mitral valves can be repaired and
improved by what has become known as the Alfieri procedure, utilizing a combination of
annuloplasty to reduce the diameter of the mitral annulus and leaflet edge approximation.

[0007] The Alfieri procedure has led to other variations of catheter-based procedures to

attach the edges of the anterior and posterior leaflets to control mitral regurgitation. In one

2-
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procedure, under echocardiographic and fluoroscopic guidance, catheters are used to introduce a
clip at the mitral annulus that fastens the free edge of the anterior leaflet to the free edge of the
posterior leaflet. The clip and a delivery system are typically introduced in the patient's femoral
vein and passed into the right side of the heart. A transseptal puncture is then carried out in the
patient’s heart, and the clip is advanced into the left atrium and then the left ventricle. The
edges of the leaflets are then fastened together with the clip, and the delivery system is
withdrawn. In other variations of the procedure, the clip and delivery system can instead be
introduced into the patient’s heart from one of various other access points or positions on the
patient’s body.

[0008] Most patients have one clip applied during such a procedure, but if the leak is severe
and/or the leaflets arc highly distracted, additional clips can also be applied. The clinical results
have been gratifying. Many patients have exhibited a major reduction in leakage and are
symptomatically much improved when compared to before undergoing the procedure.

[0009] Another option to further reduce the mitral leakage would be to combine or to
supplement one of the above annuloplasty procedures with an edge to edge leaflet plication

procedure to further strengthen the bond or attachment between the native mitral leaflets.

SUMMARY

[0010] However, even after undergoing one or more of the above procedures, some patients
are still left with significant mitral valve leakage. This puts an increased load on the heart, and
the heart can be damaged by the long-term effects of such residual valve regurgitation.

[0011] According to embodiments of the invention, a helical or coiled anchor having turns
with different radii of curvature is provided to more effectively reduce and/or reshape the native
mitral valve annulus, to reduce leakage at the mitral valve. After reshaping and/or resizing the
native mitral annulus, if lecakage is still observed, additional measures, such as edge to edge
repair or other repair procedures, can be more easily or effectively applied to the restructured

mitral annulus.
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[0012] In another alternative to remedy continual leakage after employing one of the above
annuloplasty procedures or other similar annular reduction procedure, a prosthetic mitral valve
can further be implanted into the mitral valve annulus, since an annuloplasty procedure using a
coiled anchor according to embodiments of the invention will result in the formation of a stable
anchor or base into or against which the prosthetic mitral valve can be docked.

[0013] According to an embodiment of the invention, an implant for reshaping a native
mitral valve of a heart includes a coiled anchor having a first end, a second end, and a central
axis extending between the first and second ends. The coiled anchor defines an inner space
coaxial with the central axis and includes a first turn defining a central portion of the inner
space having a first width, a second turn connected to the central turn at the first end of the
coiled anchor, the second turn defining a portion of the inner space having a width that is
smaller than the first width, and a third turn connected to the central turn at the second end of
the coiled anchor, the third turn defining another portion of the inner space having a width that
is smaller than the first width. The coiled anchor is implantable at the native mitral valve with
at least a portion of the first turn of the coiled anchor positioned in a left ventricle of the heart
and around valve leaflets of the native mitral valve.

[0014] According to another embodiment of the invention, a method for delivering an
implant according to the above embodiment includes positioning the coiled anchor at a native
mitral valve of a heart of a patient, such that at least a portion of the first turn of the coiled
anchor is positioned in a left ventricle of the heart and around valve leaflets of the native mitral
valve, positioning an expandable stent at the native mitral valve through the inner space of the
coiled anchor when the stent is in a collapsed state, and expanding the stent. The stent is
expandable to a width that is greater than the width of the inner space defined by at least one of
the second turn or the third turn when the coiled anchor is unbiased, such that a radially outward
pressure is applied by the stent on the at least one of the second tun or the third turn to increase

the width of the portion of the inner space defined by the at least one of the second tum or the
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third turn, while the width of the portion of the inner space defined by the first turn is decreased
to a width that is smaller than the first width.

[0015] According to embodiments of the invention, repair and/or replacement of a diseased
mitral valve can be more effectively realized by first reshaping, resizing, and/or otherwise
restructuring the native mitral annulus using a helical or coiled anchor, such that additional

devices and methods can be more easily or effectively applied at the reinforced mitral position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Further features and advantages of the invention will become apparent from the
description of embodiments using the accompanying drawings. In the drawings:

[0017] Fig. 1 shows a schematic cross-sectional view of a human heart;

[0018] Fig. 2 shows a schematic top view of the mitral valve annulus of a heart;

[0019] Figs. 3A and 3B respectively show perspective and side views of a coil anchor for
resizing or reshaping a native mitral valve annulus according to an embodiment of the
invention;

[0020] Figs. 4A-4C schematically show steps of expanding a balloon expandable stent in
the coil anchor of Figs. 3A-3B according to an embodiment of the invention;

[0021] Figs. 5A-5C show steps of implanting a coil anchor and a balloon expandable stent
at a native mitral valve according to an embodiment of the invention;

[0022] Figs. 6A and 6B show steps of performing an edge to edge repair on a mitral valve
with an implanted stent using a clip according to an embodiment of the invention;

[0023] Figs. 7A and 7B show steps of implanting a prosthetic mitral valve at a native mitral
valve annulus where an edge to edge repair was previously performed, according to an
embodiment of the invention; and

[0024] Fig. 8 shows a prosthetic mitral valve fully implanted in a stent at a native mitral
valve where an edge to edge repair was previously performed, according to an embodiment of

the invention.
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DETAILED DESCRIPTION

[0025] Disclosed herein are various implants and other devices for repairing and/or
replacing the functionality of a native mitral valve, and methods of implanting such
devices. By providing such devices and methods of implanting the devices, mitral
valve leakage and leakage caused by similar types of valvular heart disease can be
reduced, and performance of the mitral valve can be improved.

[0026] In some embodiments, a helical or coiled anchor can be used to reduce and/or
reshape the annular size of a native mitral valve, in preparation for a valve repair or a further
annuloplasty procedure. In other embodiments, the helical anchor can be utilized to downsize a
patient's native mitral valve annulus and to make the shape of the annulus more suitable to
anchor or dock a prosthetic heart valve when valve replacement is planned. In these
embodiments, one of various prosthetic valves that are capable of being mounted in stents can
be used in conjunction with a helical anchor that narrows and/or reshapes the native mitral
valve annulus.

[0027] Figures 3A and 3B illustrate an embodiment of a helical or coil anchoring device
according to an embodiment of the invention. The illustrated embodiment shows a helical
anchor 10 that has three turns. However, in other embodiments, other helical anchors can have
more or less turns depending on the particular application and the anatomy of the patient. The
helical anchor 10 includes an upper first turn 12, a central second turn 14, and a lower third tum
16, and defines a space extending through the center of the helical anchor 10. The upper and
lower turns 12, 16 of the anchor 10 are smaller than the central turn 14. In one embodiment, the
smaller end turns 12, 16 of the helix are approximately 25 mm in diameter and the larger central
turn 14 is approximately 35mm in diameter when the anchor 10 is unbiased. However, in other
embodiments, the sizes of the turns 12, 14, and 16 can be different, so long as the central turn
14 is larger than the end turns 12, 16. In embodiments with more than three turns, more than

one central turn can be sized to be greater than the end tumns, or there can be more than one

-6-
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smaller sized turn at either end of the anchor, or both. Furthermore, in some embodiments, the
upper and lower turns of the anchor can have different diameters from one another.

[0028] In one embodiment, the helical anchor 10 is made from a shape memory material,
such as nitinol, which will facilitate straightening of the anchor 10 for easier delivery inside a
patient. In other embodiments, the anchor 10 can be made from or include one of various other
biocompatible metals or of other biocompatible materials.

[0029] In addition, the core material of the helical anchor 10 can be covered by a
biocompatible fabric or other biocompatible materials, to improve the stability,
biocompatibility, or other functionality of the anchor 10 after it has been implanted inside the
patient. Such fabrics or other covers can also serve to promote contact or friction between a
stent and/or prosthetic valve with the anchor 10, to reduce the expansion of the anchor 10, and
to tighten the grip of the anchor 10 on a stent or prosthetic valve that is inflated or expanded
mside of it, as discussed in greater detail below.

[0030] Figure 4A to 4C schematically show steps of inserting a balloon expandable stent
into the coiled anchor 10 discussed above. Figure 4A first shows a cross-sectional view of the
anchor 10 prior to expansion of the stent or a prosthetic valve inside the anchor. Similarly as
discussed above with respect to Figures 3A and 3B, the anchor 10 includes three turns, where
the central turn 14 has a greater diameter than the end turns 12 and 16.

[0031] In Figure 4B, a balloon 30 is inserted through the central space 18 defined by the
anchor 10 and is then inflated inside the helical anchor 10 to a size that is greater than the
diameter of at least one of the end turns 12, 16 of the anchor 10. In addition, the balloon 30
carries with it an expandable stent 20 that is positioned through the center of the anchor 10
before the balloon 30, and the stent 20 positioned thereon, are expanded, and the stent 20
impacts or otherwise comes into contact with the helical anchor 10.

[0032] Since the balloon is expanded to a size that is greater than the diameter of the end
tumns 12, 16 of the anchor 10, the expansion of the balloon 30 and the stent 20 inside the anchor

10 results in an increase in the diameters of the two end turns 12, 16. For example, where the

7-
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end turns 12, 16 have an unbiased diameter of 25 mm, the balloon 30 and stent 20 can expand
to up to 27 mm wide, and urge the end turns 12, 16 radially outwardly, so that the end tums are
also expanded to approximately 27 mm wide. Meanwhile, as the two end tums 12, 16 are
expanded, they pull on the ends of the larger central turn 14 of the anchor 10, and cause the
larger central tum 14 to instead reduce in diameter. Therefore, after inflation of the balloon 30
and stent 20 inside the anchor 10, in one embodiment, the turns of the anchor 10 all end with
approximately the same diameter, which in the example above is about 27 mm.

[0033] After the stent 20 has been expanded through the center of the anchor 10, the balloon
30 can be deflated and removed. Figure 4C schematically shows a final configuration of the
anchor 10 with the stent 20 expanded therethrough, after the balloon 30 has been removed. The
stent 20 is held in position in the anchor 10 by the radial pressure or friction formed between the
stent 20 and the turns of the anchor 10.

[0034] The stent 20 in Figure 4C is shown with a fabric cover. The cover can cover the
iside or the outside of the stent 20, or both. In other embodiments, the stent does not include a
cover or other covering layer. Polyester or one of various other materials can be used for the
stent cover. In other embodiments, biologic coverings, such as pericardium derived from an
animal or human materials, can also be used.

[0035] Meanwhile, the stent 20 itself can be made from a stainless steel or an alloy of
stainless steel, as is typically used in medical implants, or from one of various other
biocompatible metals or other materials. A wide variety of stent designs can be compatible and
used on conjunction with the helical anchor 10 in the method described above.

[0036] Friction between the stent 20 with at Ieast the smaller turns of the helical anchor 10,
and/or with undersides of mitral valve leaflets that are pinched between the anchor 10 and the
stent 20, holds the stent 20 in position within the anchor 10. Furthermore, the larger central turn
14 can be drawn closer to the stent 20 to a degree where the central turn 14 also abuts and
applies pressure against an outer surface of the stent 20. Along these same lines, when the

smaller end tumns 12, 16 of the anchor 10 are held more securely against the stent 20 during

-8-

Date regue/ date received 2022-02-17



10

15

20

25

expansion, and movement or slippage is reduced between these surfaces, the larger central tum
14 of the anchor 10 can be pulled radially inwardly more rapidly or effectively. Therefore,
surface coatings and/or other treatments or options that improve the contact or friction between
the smaller turns of the anchor 10 and the stent 20 will increase the rate of reduction in diameter
of the largest tum or turns of the anchor 10, leading to a tighter or more secure fixation between
the parts. In one embodiment, one or more of the smaller turns of the anchor 10 has hooks,
barbs, or other attachment mechanism to improve engagement with the stent 20.

[0037] Figures 5A to 5C show steps of implanting the coil anchor 10 and stent 20 inside a
patient’s heart 80, at the native mitral valve annulus 86. The native mitral valve annulus of a
patient suffering from mitral regurgitation or other mitral valve leakage can be dilated, in some
cases to about 35mm. The dilated size of different diseased mitral valves can vary, and
different anchors and/or stents can be utilized according to the dilated sizes or the desired sizes
of the patient’s native mitral valve, to treat cach particular diseased valve accordingly.

[0038] In Figure 5A, the coil anchor 10 has already been delivered inside the heart, for
example, via an apical or transseptal procedure, an endovascular or transcatheter procedure, or
one of various other known procedures. When the anchor 10 is in position around the native
mitral valve annulus 86, two turns of the anchor 10, the lowest small turn 16 and the central
larger turn 14, are located beneath the mitral valve 86, and inside the left ventricle 84.
Meanwhile, the upper smaller turn 12 is located inside the left atrium 82. In other
embodiments, a different combination of turns can be positioned in the left atrium 82 and the
left ventricle 84, based on the application as desired by the practitioner.

[0039] In general, the larger turn 14 of the helical anchor 10 can be selected to match the
diameter of the patient's enlarged mitral annulus 86, so that the anchor 10 can rest around the
mitral valve annulus 86 without exerting undue pressure on the native mitral valve leaflets 88 or
other portions of the mitral valve annulus 86, prior to introduction of a stent or prosthetic valve
therethrough. The smaller turns 12, 16 of the anchor 10 can be selected based on the amount of

shortening that is desired of the larger turn 14. In other words, the larger turn 14 can be selected

-9

Date regue/ date received 2022-02-17



10

15

20

25

based on the size of the enlarged mitral valve 86 in the diseased patient, and the size of the
smaller turns 12, 16 can be selected to dictate the desired size the larger turn 14 of the anchor 10
will be reduced to, and thereby determine approximately the desired size of the treated mitral
valve annulus 86 after implantation. Furthermore, the sizes and shapes of the turns 12, 14, 16
of the coiled anchor 10 can also be selected to facilitate easier placement and positioning of the
anchor 10 around the native mitral valve lcaflets 88 and/or the chordae tendineac (not shown)
when the anchor 10 is first deployed.

[0040] After the anchor 10 is positioned at a desired location around the native mitral valve
annulus 86, a balloon 30 is used to expand the anchor 10, as seen in Figure 5B. Similarly as
seen in Figure 4B, the balloon 30 carries and delivers an expandable stent 20, which can be
covered with a cover layer, as previously discussed. The deflated balloon 30 and unexpanded
stent 20 are first moved in the space defined by the anchor 10, until the stent 20 is positioned at
the desired location through the anchor 10.

[0041] The balloon 30 is then inflated to expand the stent 20, and this expansion causes a
radially outward pressure to be applied against at least the smaller coils 12, 16 of the anchor 10.
Similarly as discussed above, inflation of the balloon 30 and expansion of the stent 20 in the
anchor 10 result in expansion of the lowest and highest turns 12, 16 of the anchor 10, and
reduction in diameter of the larger central turn 14 of the anchor 10. The motion of the turns,
and the amount of reduction in size/shape of the larger central turn 14 can be adjusted based on
the amount of friction or hold between the smaller turns 12, 16 of the anchor 10 and the stent
20.

[0042] As can also be seen in Figure 5B, since the lower turns 14, 16 are positioned outside
of the native mitral valve leaflets 88, and the stent 20 is expanded inside the native mitral valve
annulus 86, the valve leaflets 88 are trapped or pinched in position between the lower tumns 14,

16 of the anchor 10 and the stent 20.

-10-
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[0043] After the stent 20 has been expanded to its final size in the anchor 10, the balloon 30
can be removed. The stent 20 remains fixed in its expanded position within the anchor 10 after
the balloon 30 is removed.

[0044] By reducing the size of the larger central turn 14 of the anchor 10 through expansion
of the stent 20 therethrough, the size of the native mitral valve annulus 86 has also been
reduced. This reduction in size of the valve annulus 86 is schematically shown by the arrows in
Figure 5C. For example, a diameter of a diseased or leaky mitral annulus in a patient can be 35
mm prior to treatment, but after the stent 20 is implanted and expanded in the anchor 10, the
central tum 14 of the anchor 10 is reduced to about 27 mm. When the size of the larger central
tum 14 of the anchor 10 is reduced, the central tum 14 urges the native valve leaflets 88
inwards, so that the size of the native mitral valve annulus 86 is also reduced from about 35
mm to about 27mm. By using an anchor 10 and stent 20 or other type of annuloplasty ring in
this manner for reducing the size of and/or for reshaping a diseased native mitral valve annulus
86, mitral regurgitation can be eliminated or greatly reduced.

[0045] Other mitral annulus variations in other patients or based on other diseases can be
paired with anchors 10 and/or stents 20 having different combinations of diameters to produce
optimal results for each patient and his or her needs. In each embodiment, there are one or
more larger central tumns that are surrounded by smaller upper and lower turns, where the
larger turn or turns are used to reduce the diameter of the mitral annulus when the system is
activated.

[0046] Furthermore, in the described embodiment, three complete turns are shown in the
anchor 10. However, it is also possible to have an anchor where the upper and lower turns are
not full tus. For example, the lower tum 16 shown in the left ventricle 84 can be a half a turn
in an alternate embodiment, so that at the end of the procedure, there are less than two tums of
the anchor 10 positioned in the left ventricle 84. In some embodiments, the procedure can
also be performed with an anchor having only two turns, for example, one large turn and

one small turn.

-11-
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[0047] The embodiment in Figures 5A to 5C also shows an axial gap between the highest
tumn 12 and the central turn 14 of the anchor 10. The gap can be useful in providing a longer
attachment length for the stent 20, so that there is a larger target in which to position the stent
20 during implantation. The longer length of the anchor 10 can also provide more stability to
the system after implantation. In some embodiments, the longer anchor 10 can also facilitate
casier initial positioning of the anchor 10 around the native mitral annulus 86. The anchor 10 in
other embodiments can have larger or smaller gaps between turns, as desirable. In some
embodiments, the anchor can have no gaps between turns. In embodiments with longer
anchors, the longer anchors can also facilitate implantation of longer stents. The longer stents,
in turn, can provide a larger target for potential valve implantation later.

[0048] In some patients, even after an annuloplasty or other mitral valve resizing or
reshaping has been performed, there can still be some residual leakage. In some cases,
additional measures can still be employed to further reduce leakage or otherwise improve
performance of the native mitral valve.

[0049] For example, Figures 6A and 6B show steps of further treatment on a stented mitral
valve where additional leakage reduction is desired. Figure 6A shows the start of an edge to
edge repair on the mitral valve leaflets 88 utilizing a clip 40, to eliminate or reduce any residual
leak after an anchor 10 and stent 20 have already been implanted. The clip 40 is being
introduced into the left ventricle 84, for example, from the left atrium 82, using one of various
known delivery methods and access sites. The clip 40 can be delivered by a tool 50, and is
positioned so that ends of the native mitral valve leaflets 88 can be clamped together with clip
40. The clip 40 can include one or more inner clamping surfaces 42 and one or more outer
clamping surfaces 44 that are connected via a distal hinge. In the embodiment shown, the clip
40 includes two inner clamping surfaces 42 and two outer clamping surfaces 44. One or both of
the clamping surfaces 42, 44 can further include teeth or other surface features to facilitate a

more secure clamping of the mitral valve leaflets 88 by the clip 40. In other embodiments,
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other clipping or clamping devices can also be applied to the native mitral valve leaflets 88 to
perform the edge to edge repair procedure.

[0050] In Figure 6B, the clip 40 has been closed to attach the free edge of the anterior mitral
valve leaflet to the free edge of the posterior mitral valve leaflet. In the example shown, the
outer clamping surfaces 44 are pushed towards the inner clamping surfaces 42 to close the clip
40, and each mitral valve leaflet 88 can be pinched or clamped between a corresponding inner
clamping surface 42 and a corresponding outer clamping surface 44 of the clip 40. The clip 40
is applied in this embodiment roughly in the middle of the valve orifice (for example, as can be
seen in Fig. 7A). In other embodiments, the clip 40 can be applied at any of various different
locations on cach native mitral valve leaflet 88 based on where leakage is most severe, or where
the clip 40 can reduce the most leakage. In some embodiments, more than one clip can be
applied, to further reduce leakage through the native valve, as needed.

[0051] The end result, as seen in Figure 6B, is similar to the original Alfieri type procedure,
including a combination of an annuloplasty ring made up of an anchor and/or stent for
reshaping the native mitral valve annulus, and an edge to edge repair performed on the native
mitral valve leaflets. The sequence discussed above is shown with the annuloplasty or native
valve reshaping performed first, and the edge to edge repair performed on the native valve
leaflets afterwards. However, in other embodiments, the order can be reversed, where a clip is
applied first (even if it was performed in conjunction with a previous procedure), and then the
annuloplasty or other reshaping or resizing of the valve annulus can be performed thereafter. In
procedures where an edge to edge repair is performed first, the inflatable balloon which delivers
the stent afterwards can be limited by the presence of the clip, clamp, or other device used for
the edge to edge repair. In these situations, a balloon having a shorter length can be used, or the
stent can be positioned at a more distal position on the balloon, so that the balloon does not
come into contact with the clip, to prevent damage to the clip when the balloon is inflated and
the stent is expanded. It is also possible to have a balloon that is bifurcated, or Y-shaped, so

that the split ends of the balloon can be positioned around the clip, where one part of the
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balloon passes through the valve opening on one side of the clip and the other part of the
balloon passes through the valve opening on the other side of the clip. For example, referring to
Figure 7A, one end of a bifurcated balloon can pass through orifice 90 of the native valve
formed by the clip 40, while the other end of the bifurcated balloon can pass through orifice 92
on the other side of the clip 40.

[0052] In some cases, the combination of the annuloplasty or native valve reshaping and the
edge to edge repair is still inadequate to curb mitral regurgitation or other mitral valve leakage.
The patient may still have an unacceptable leak at the mitral valve even after both of these
procedures are undertaken.

[0053] Figures 7A, 7B, and 8 show how the anchor 10 and/or stent 20 discussed above can
also serve as an ideal anchor for a stent mounted prosthetic valve. It is expensive from a
regulatory approval and from a stocking standpoint to have many different valve shapes and
sizes. The reduction in size of the native mitral annulus by the anchor 10 and/or the stent 20
allows for a smaller sized prosthetic stent valve to be used. Furthermore, the anchor 10 and/or
the stent 20 help to reshape the native mitral annulus to be more circular, so that more
conventional valves with circular or cylindrical outer profiles that are already on the market can
be used at the mitral position. In addition, the heart may be able to function more efficiently or
effectively with a smaller annulus diameter at the mitral position, since the mitral valve will not
be stretched open as widely and can contract more completely. Therefore, a mitral valve anchor
or stent that serves to downsize a native mitral valve annulus to a more uniform shape and/or
size can allow for a lower number of valves or variations of valves to be produced, saving costs
and simplify the manufacturing and implantation procedures.

[0054] Figure 7A shows a top view of a mitral annulus that has alrcady undergone a
reshaping using an anchor 10 and/or a stent (not shown in Fig. 7A), as well as an edge to edge
procedure using a clip 40 to clip distal ends of the native mitral valve leaflets 88. The edge to
edge repair has formed two orifices 90, 92, at the mitral position on either side of the clip 40,

respectively. In some patients, the prior procedures may not prove to be sufficient to curb or
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reduce the mitral leakage through the mitral valve illustrated in Figure 7A. Therefore, a balloon
that carries a stent mounted prosthetic valve 60 can further be positioned across the mitral valve
through one of the mitral orifices 90 or 92. The prosthetic valve 60 that is deployed and
implanted can be one of various different known valves with a size and shape suitable for fitting
in the anchor 10, for example, the Edwards Lifesciences Sapien XT™ valve.

[0055] In Figure 7B, the prosthetic valve 60 is expanded, for example, via inflation of a
balloon delivery system. The expansion of the prosthetic valve 60 places a large radial force or
load on the native mitral leaflets 88 that were previously clipped together with the clip 40
during the carlier edge to edge repair. As can be seen in Figure 7B, the expansion of the
prosthetic valve 60 begins displacing the clip 40 and stretching out the native mitral leaflets 88,
and eventually, at least one of the leaflets 88 tears away from the clip 40, slips out of the clip
40, or otherwise detaches from the clip 40.

[0056] To encourage or promote cutting or tearing of the native mitral valve leaflets 88, the
above valve expansion procedure can be preceded by inflation of a separate balloon at the
mitral position that cuts the native mitral valve leaflets 88. Similar cutting balloons have been
used, for example, to cut away plaques in arteries. Another option can be to cut a defect in at
Ieast one of the native mitral valve leaflets 88, and then to advance the stent valve inside or
adjacent to the pre-cut portion of the leaflet 88. In other embodiments, the stent in which the
prosthetic mitral valve is mounted can have its own cutting features, for cutting surrounding
portions of the native mitral leaflets 88, to further facilitate expansion of the prosthetic valve 60.
[0057] In some embodiments, the prosthetic valve 60 can be implanted with the clip 40
from the edge to edge repair remaining intact. In such cases, it would be necessary to ensure
that an adequately sized orifice is formed in which the prosthetic valve 60 can be positioned, to
allow adequate flow into the left ventricle. If there is an obstruction to flow, or if the orifice is
not sufficiently sized, the clip 40 can still be cut from one edge of the mitral valve leaflets 88

thereafter, to form a more suitable orifice or opening for the prosthetic valve 60.
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[0058] In some cases, it is possible that the clip 40 detaches from both of the native mitral
leaflet edges 88. This would be highly unusual since it would mean that the retention of the clip
40 on both leaflets was virtually identical. However, in such instances, the clip 40 can be easily
retrieved and removed from the patient.

[0059] Generally, after one of the native mitral leaflets 88 is ripped or tomn from the clip 40,
the prosthetic valve is free to expand until it abuts against the anchor 10 and/or the stent 20.
Figure 8 shows the prosthetic valve 60 after it has been fully expanded. The valve 60 sits
securely inside the prior annuloplasty apparatus including the anchor 10 and the stent 20. The
pre-positioned anchor 10 and stent 20 provide an excellent target for insertion and expansion of
the prosthetic valve 60. The annuloplasty apparatus can be clearly visible on fluoroscopy.
[0060] As previously discussed, one of the native mitral leaflets 88 has been torn or ripped
or otherwise detached from the clip 40 at the tear 94, and the functionality of the native mitral
leaflets 88 has been replaced by the prosthetic valve 60. The clip 40, which has detached from
one of the native mitral leaflets 88, is shown inside the left ventricle 84, and should not affect
the functionality of the prosthetic valve 60.

[0061] In other embodiments, various different features from the different embodiments
discussed above can also be combined or modified, based on the needs of each individual
patient. For example, the annuloplasty or mitral annulus reshaping procedure does not need to
be performed in conjunction with an edge to edge procedure. Instead, the annuloplasty or mitral
reshaping can be a standalone procedure. In addition, if the annuloplasty procedure is not
adequate to remedy a diseased heart, and the leakage seems too severe to be solved by
implantation of one or more clips via an edge to edge repair, it is also possible to proceed
directly from annuloplasty or mitral reshaping to implantation of a prosthetic mitral valve inside
the anchor and/or the stent used for the annuloplasty or mitral reshaping.

[0062] For purposes of this description, certain aspects, advantages, and novel features of
the embodiments of this disclosure are described herein. The disclosed methods, apparatus, and

systems should not be construed as being limiting in any way. Instead, the present disclosure is
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directed toward all novel and nonobvious features and aspects of the various disclosed
embodiments, alone and in various combinations and sub-combinations with one another. The
methods, apparatus, and systems are not limited to any specific aspect or feature or combination
thereof, nor do the disclosed embodiments require that any one or more specific advantages be
present or problems be solved.

[0063] Although the operations of some of the disclosed embodiments are described in a
particular, sequential order for convenient presentation, it should be understood that this manner
of description encompasses rearrangement, unless a particular ordering is required by specific
language set forth below. For example, operations described sequentially can in some cases be
rearranged or performed concurrently. Morcover, for the sake of simplicity, the attached
figures may not show the various ways in which the disclosed methods can be used in
conjunction with other methods. Additionally, the description sometimes uses terms like
“provide” or “achieve” to describe the disclosed methods. These terms are high-level
abstractions of the actual operations that are performed. The actual operations that correspond
to these terms can vary depending on the particular implementation and are readily discernible
by one of ordinary skill in the art.

[0064] In view of the many possible embodiments to which the principles of the disclosure
can be applied, it should be recognized that the illustrated embodiments are only preferred
examples and should not be taken as limiting the scope of the disclosure. Rather, the scope of

the disclosure is defined by the following claims.
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WHAT IS CLAIMED IS:

1. An implant for a native mitral valve of a heart, the implant comprising a coiled anchor
that comprises:

an upper turn defining an upper turn diameter;

a central tum connected to the upper turn, the central turn defining a central turn
diameter that is larger than the upper turn diameter defined by the upper tum; and

a lower turn connected to the turn, the lower turn defining a lower turn diameter that is
smaller than said central turn diameter;

wherein the coiled anchor is configured to be implanted at the native mitral valve with at
least a portion of the central turn of the coiled anchor positioned in a left ventricle of the heart
and around valve leaflets of the native mitral valve;

wherein the central tum, the upper tum, and the lower tum are configured such that
when a radially outward pressure is applied to at least one of the upper turn or the lower tum,
the coiled anchor is biased such that the central turn diameter is reduced and the central turn
diameter, the upper turn diameter, and the lower turn diameter become substantially equal to

one another.
2. The implant of claim 1, further comprising a stent comprising an expandable frame
configured to be expanded in an inner space defined by the upper turn, the central tumn, and the

lower turn of the coiled anchor.

3. The implant of claim 2, wherein the stent is expandable to a diameter that is greater than

the upper turn diameter or the lower turn diameter when the coiled anchor is unbiased.

4. The implant of claim 2, wherein the stent is covered by a cover layer.
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5. The implant of claim 2, wherein at least one of the upper turn and the lower tum of the

coiled anchor is configured to attach to an outer surface of the stent.

6. The implant of claim 2, further comprising a clip configured to hold respective ends of

the valve leaflets of the native mitral valve together.

7. The implant of claim 6, further comprising a prosthetic valve comprising an expandable
frame that houses a plurality of leaflets for controlling blood flow therethrough, wherein the
prosthetic valve is expandable to a diameter that is at least the diameter of the stent when the

stent is expanded, such that the prosthetic valve is configured to be held in the stent.

8. The implant of claim 7, wherein an outer surface of the expandable frame of the
prosthetic valve comprises at least one cutting feature, wherein the cutting feature comprises a

surface configured to cut portions of a native mitral valve.

9. The implant of claim 2, further comprising a prosthetic valve comprising an expandable
frame that houses a plurality of leaflets for controlling blood flow thercthrough, wherein the
prosthetic valve is expandable to a diameter that is at least the diameter of the stent when the

stent is expanded, such that the prosthetic valve is configured to be held in the stent.

10.  An implant for a native mitral valve of a heart, the implant comprising a coiled anchor
that comprises:

an upper turn defining an upper turn diameter of approximately 25 mm;

a central tum connected to the upper turn, the central turn defining a central turn
diameter of approximately 35 mm; and

a lower turn connected to the central turn, the lower turn defining a lower turn diameter

of approximately 25 mm;
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wherein the coiled anchor is configured to be implantable at the native mitral valve with
at least a portion of the central turn of the coiled anchor positioned in a left ventricle of the heart

and around valve leaflets of the native mitral valve.

11.  The implant of claim 10, wherein the central tum, the upper tun, and the lower turn are
configured such that when a radially outward pressure is applied to at least one of the upper turn
or the lower turn, the central turn diameter is reduced and the central turn diameter, the upper

tumn diameter, and the lower turn diameter become substantially equal to one another.

12.  The implant of claim 10, further comprising a stent comprising an expandable frame
configured to be expanded in an inner space defined by the upper turn, the central tumn, and the

lower turn of the coiled anchor.

13.  The implant of claim 12, wherein the stent is expandable to a diameter that is greater

than 25 mm.

14.  The implant of claim 12, wherein the stent is covered by a cover layer.

15.  The implant of claim 12, wherein at least one of the upper turn and the lower tumn of the

coiled anchor is configured to attach to an outer surface of the stent.

16.  The implant of claim 15, further comprising a prosthetic valve comprising an
expandable frame that houses a plurality of leaflets for controlling blood flow therethrough,
wherein the prosthetic valve is expandable to a diameter that is at least the diameter of the stent

when the stent is expanded, such that the prosthetic valve is configured to be held in the stent.

17.  The implant of claim 16, wherein an outer surface of the expandable frame of the
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prosthetic valve comprises at least one cutting feature, wherein the cutting feature comprises a

surface configured to cut portions of a native mitral valve.

18. The implant of claim 12, further comprising a prosthetic valve comprising an
expandable frame and that houses a plurality of leaflets for controlling blood flow therethrough,
wherein the prosthetic valve is expandable to a diameter that is at least the diameter of the stent

when the stent is expanded, such that the prosthetic valve is configured to be held in the stent.

19. A system for a mitral valve comprising:

a coiled implant, and a prosthetic valve;

wherein the coiled implant comprises an upper turn having an upper turn diameter, a
central turn connected to the upper turn, the central turn defining a central turn diameter that is
larger than the upper turn diameter, and a lower turn connected to the central turn, the lower
turn defining a lower turn diameter that is smaller than of the central turn diameter; and

wherein the prosthetic valve comprises an expandable frame that is expandable to a
maximum expanded diameter, and a plurality of leaflets disposed within the expandable frame,
for controlling bloodflow through the prosthetic valve;

wherein the coiled anchor is configured to be implantable at the native mitral valve with
at least a portion of the central turn of the coiled anchor positioned in a left ventricle of the heart
and around valve leaflets of the native mitral valve, and wherein the central tum, the upper tum,
and the lower turn are configured such that when a radially outward pressure is applied to at
least one of the upper turn or the lower turn, the central turn diameter is reduced to a reduced
diameter and the central turn diameter, the upper turn diameter, and the lower turn diameter
become substantially equal to the reduced diameter, and the maximum expanded diameter of

the prosthetic valve is at least the same as or greater than the reduced diameter.
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20.  The system of claim 19, wherein at Ieast one of the upper and lower tumns of the coiled

anchor is configured to attach to an outer surface of the prosthetic valve.

21. A coiled anchor for implanting a prosthetic valve in a native mitral valve of a heart,
the coiled anchor comprising:

a first turn;

a second turn connected to the first turn; and

a third turn connected to the second turn;

wherein the coiled anchor is configured to be implanted at the native mitral valve
with the second turn and the third tum positioned in a left ventricle of the heart and around the
valve leaflets of the native mitral valve and with the first turn positioned in a left atrium of the
heart and spaced apart from valve leaflets of the native mitral valve;

wherein the coiled anchor is configured for positioning such that the first turn is the
sole turn of the coiled anchor positioned in the left atrium, is spaced apart from the outer surface
of the frame when the frame is expanded, and does not engage an inner wall of the left atrium

when the frame is expanded.

22. The coiled anchor of claim 21, wherein at least one of the second turn and the third

tumn of the coiled anchor is configured to compress the valve leaflets of the native mitral valve

against an outer surface of a frame of the prosthetic valve when frame of the prosthetic valve is
expanded, while the first tum is configured to be spaced apart from the outer surface of the

frame.

23. The coiled anchor of claim 22, wherein both of the second turn and the third turn are

configured to compress the leaflets of the native mitral valve against the outer surface of the

frame of the prosthetic valve when frame of the prosthetic valve is expanded.
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24. The implant of claim 22, wherein an axial distance between a centerline of a cross-
section of the first turn and a centerline of a cross-section of the second turn is greater than a
second axial distance between the centerline of the cross-section of the second turn and a

centerline of a cross-section of the third turn.

25. The implant of claim 22, wherein the frame is expandable to a diameter that is

greater than a diameter of the second turn or a diameter of the third turn when the coiled anchor

is unbiased.
26. The implant of claim 22, wherein the frame is covered by a cover layer.
27. A system comprising:

a coiled anchor that comprises:
a first turn;
a second turn connected to the first turn; and
a third turn connected to the second turn,
wherein the coiled anchor is configured to be implanted at the native mitral valve
with the second turn and the third tum positioned in a left ventricle of the heart and
around the valve leaflets of the native mitral valve and with the first turn positioned
i a left atrium of the heart and spaced apart from valve leaflets of the native mitral
valve;
wherein the coiled anchor is configured for positioning such that the first tum is
the sole turn of the coiled anchor positioned in the left atrium, is spaced apart from the
outer surface of the frame when the frame is expanded, and does not engage an inner
wall of the left atrium when the frame is expanded;
an expandable frame configured to be expanded to a diameter in an inner space

defined by the second turn and the third tum of the coiled anchor such that the
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expandable frame compresses the valve leaflets of the native mitral valve against at least
one of the second turn and the third turn of the coiled anchor; and

a prosthetic valve secured in the expandable frame.

28.  The system of claim 27, wherein the coiled anchor is configured such that the
native valve leaflets are compressed between the outer surface of the frame and both of

the second turn and the third turn.

29.  The system of claim 27, wherein an axial distance between a centerline of a
cross-section of the first turn and a centerline of the second turn is greater than a second
axial distance between the centerline of the cross-section of the second turn and a

centerline of the cross-section of the third turn.

30.  The system of claim 27, wherein the frame is expandable to a diameter that is

greater than a diameter of the second turn or a diameter of the third turn when the coiled

anchor is unbiased.

31.  The system of claim 27, wherein the frame is covered by a cover layer.

32.  The system of claim 27, further comprising a clip configured to hold respective

ends of the valve leaflets of the native mitral valve together.

33.  The system of claim 27, wherein an outer surface of the expandable frame of the

prosthetic valve comprises at least one cutting feature, wherein the cutting feature

comprises a surface configured to cut portions of a native mitral valve.
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