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COAPTATIONENHANCEMENT IMPLANT, SYSTEM, AND METHOD

CROSS-REFERENCES TO RELATED APPLICATIONS

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

61/437,397 filed January 28, 201 , entitled "Coaptation Enhancement Implant, System, and

Method" and U.S. Non-Provisional Application No. 13/099,532 filed May 3, 201 1; the entire

disclosures, each of which are hereby incorporated by reference for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER

FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER

PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK

[0003] NOT APPLICABLE

BACKGROUND OF THE INVENTION

[0004] The present invention generally provides improved medical devices, systems, and

methods, typically for treatment of heart valve disease and/or for altering characteristics of

one or more valves of the body. Exemplary embodiments of the invention include implants

for treatment of mitral valve regurgitation.

[0005] The human heart receives blood from the organs and tissues via the veins, pumps

that blood through the lungs where the it becomes enriched with oxygen, and propels the

oxygenated blood out of the heart to the arteries so that the organ systems of the body can

extract the oxygen for proper function. Deoxygenated blood flows back to the heart where it

is once again pumped to the lungs.

[0006] As can generally be seen in Figs. 1A and IB, the heart includes four chambers: the

right atrium (RA), the right ventricle (RV), the left atrium (LA) and the left ventricle (LV).

The pumping action of the left and right sides of the heart occurs generally in synchrony

during the overall cardiac cycle.



[0007] The heart has four valves generally configured to selectively transmit blood flow in

the correct direction during the cardiac cycle. The valves that separate the atria from the

ventricles are referred to as the atrioventricular (or AV) valves. The AV valve between the

left atrium and the left ventricle is the mitral valve. The AV valve between the right atrium

and the right ventricle is the tricuspid valve. The pulmonary valve directs blood flow to the

pulmonary artery and thence to the lungs; blood returns to the left atrium via the pulmonary

veins. The aortic valve directs flow through the aorta and thence to the periphery. There are

normally no direct connections between the ventricles or between the atria.

[0008] The mechanical heartbeat is triggered by an electrical impulse which spreads

throughout the cardiac tissue. Opening and closing of heart valves may occur primarily as a

result of pressure differences between chambers, those pressures resulting from either passive

filling or chamber contraction. For example, the opening and closing of the mitral valve may

occur as a result of the pressure differences between the left atrium and the left ventricle.

[0009] At the beginning of ventricular filling (diastole) the aortic and pulmonary valves are

closed to prevent back flow from the arteries into the ventricles. Shortly thereafter, the AV

valves open to allow unimpeded flow from the atria into the corresponding ventricles. Shortly

after ventricular systole (i.e., ventricular emptying) begins, the tricuspid and mitral valves

normally shut, forming a seal which prevents flow from the ventricles back into the

corresponding atria.

[0010] Unfortunately, the AV valves may become damaged or may otherwise fail to

function properly, resulting in improper closing. The AV valves are complex structures that

generally include an annulus, leaflets, chordae and a support structure. Each atrium interfaces

with its valve via an atrial vestibule. The mitral valve has two leaflets; the analogous structure

of the tricuspid valve has three leaflets, and apposition or engagement of corresponding

surfaces of leaflets against each other helps provide closure or sealing of the valve to prevent

blood flowing in the wrong direction. Failure of the leaflets to seal during ventricular systole

is known as mal-coaptation, and may allow blood to flow backward through the valve

(regurgitation). Heart valve regurgitation can have serious consequences to a patient, often

resulting in cardiac failure, decreased blood flow, lower blood pressure, and/or a diminished

flow of oxygen to the tissues of the body. Mitral regurgitation can also cause blood to flow

back from the left atrium to the pulmonary veins, causing congestion. Severe valvular

regurgitation, if untreated, can result in permanent disability or death.



[0011] A variety of therapies have been applied for treatment of mitral valve regurgitation,

and still other therapies may have been proposed but not yet actually used to treat patients.

While several of the known therapies have been found to provide benefits for at least some

patients, still further options would be desirable. For example, pharmacologic agents (such as

diuretics and vasodilators) can be used with patients having mild mitral valve regurgitation to

help reduce the amount of blood flowing back into the left atrium. However, medications can

suffer from lack of patient compliance. A significant number of patients may occasionally

(or even regularly) fail to take medications, despite the potential seriousness of chronic and/or

progressively deteriorating mitral valve regurgitation. Pharmacological therapies of mitral

valve regurgitation may also be inconvenient, are often ineffective (especially as the

condition worsens), and can be associated with significant side effects (such as low blood

pressure).

[0012] A variety of surgical options have also been proposed and/or employed for

treatment of mitral valve regurgitation. For example, open-heart surgery can replace or repair

a dysfunctional mitral valve. In annuloplasty ring repair, the posterior mitral annulus can be

reduced in size along its circumference, optionally using sutures passed through a mechanical

surgical annuloplasty sewing ring to provide coaptation. Open surgery might also seek to

reshape the leaflets and/or otherwise modify the support structure. Regardless, open mitral

valve surgery is generally a very invasive treatment carried out with the patient under general

anesthesia while on a heart-lung machine and with the chest cut open. Complications can be

common, and in light of the morbidity (and potentially mortality) of open-heart surgery, the

timing becomes a challenge—sicker patients may be in greater need of the surgery, but less

able to withstand the surgery. Successful open mitral valve surgical outcomes can also be

quite dependent on surgical skill and experience.

[0013] Given the morbidity and mortality of open-heart surgery, innovators have sought

less invasive surgical therapies. Procedures that are done with robots or through endoscopes

are often still quite invasive, and can also be time consuming, expensive, and in at least some

cases, quite dependent on the surgeon's skill. Imposing even less trauma on these sometimes

frail patients would be desirable, as would be providing therapies that could be successfully

implemented by a significant number of physicians using widely distributed skills. Toward

that end, a number of purportedly less invasive technologies and approaches have been

proposed. These include devices which seek to re-shape the mitral annulus from within the

coronary sinus; devices that attempt to reshape the annulus by cinching either above to below

the native annulus; devices to fuse the leaflets (imitating the Alfieri stitch); devices to re-



shape the left ventricle, and the like. Perhaps most widely known, a variety of mitral valve

replacement implants have been developed, with these implants generally replacing (or

displacing) the native leaflets and relying on surgically implanted structures to control the

blood flow paths between the chambers of the heart. While these various approaches and

tools have met with differing levels of acceptance, none has yet gained widespread

recognition as an ideal therapy for most or all patients suffering from mitral valve

regurgitation.

[0014] Because of the challenges and disadvantages of known minimally invasive mitral

valve regurgitation therapies and implants, still further alternative treatments have been

proposed. Some of the alternative proposals have called for an implanted structure to remain

within the valve annulus throughout the heart beat cycle. One group of these proposals

includes a cylindrical balloon or the like to remain implanted on a tether or rigid rod

extending between the atrium and the ventricle through the valve opening. Another group

relies on an arcuate ring structure or the like, often in combination with a buttress or

structural cross-member extending across the valve so as to anchor the implant.

Unfortunately, sealing between the native leaflets and the full perimeter of a balloon or other

coaxial body may prove challenging, while the significant contraction around the native valve

annulus during each heart beat may result in significant fatigue failure issues during long-

term implantation if a buttress or anchor interconnecting cross member is allowed to flex.

Moreover, the significant movement of the tissues of the valve may make accurate

positioning of the implant challenging regardless of whether the implant is rigid or flexible.

[0015] In light of the above, it would be desirable to provide improved medical devices,

systems, and methods. It would be particularly desirable to provide new techniques for

treatment of mitral valve regurgitation and other heart valve diseases, and/or for altering

characteristics of one or more of the other valves of the body. The need remains for a device

which can directly enhance leaflet coaptation (rather than indirectly via annular or ventricular

re-shaping) and which does not disrupt leaflet anatomy via fusion or otherwise, but which can

be deployed simply and reliably, and without excessive cost or surgical time. It would be

particularly beneficial if these new techniques could be implemented using a less-invasive

approach, without stopping the heart or relying on a heart-lung machine for deployment, and

without relying on exceptional skills of the surgeon to provide improved valve and/or heart

function.



BRIEF SUMMARY OF THE INVENTION

[0016] The present invention generally provides improved medical devices, systems, and

methods. In exemplary embodiments, the invention provides new implants, implant systems,

and methods for treatment of mitral valve regurgitation and other valve diseases. The

implants will generally include a coaptation assist body which remains within the blood flow

path as the leaflets of the valve move back and forth between an open-valve configuration

and a closed-valve configuration. The exemplary coaptation assist bodies or valve bodies

may be relatively thin, elongate (along the blood flow path), and/or conformable structures

which extend laterally across some, most, or all of the width of the valve opening, allowing

the native leaflets to engage and seal against the opposed surfaces on either side of the valve

body. To allow safe and effective, long-term operation of the valve tissue, the valve body

may be laterally offset from the centroid of the overall valve, and/or may curve laterally

across the valve opening so as to mimic the natural, pre-treatment geometry of the coaptation

zone directly between the two native mitral valve leaflets. The presence of the valve body

between the native leaflets can enhance sealing by filling gaps between the mal-coapting

leaflet surfaces, and/or the implanted valve body can allow the leaflets to coapt with axially

offset regions of the opposed coaptation surfaces of the valve body.

[0017] Though the valve body will generally remain within the blood flow path of the

valve (typically with blood passing on either side of the valve body during diastole), the valve

body may move and/or deform significantly to help maintain natural movement of the heart

tissues. As the valve opens during diastole, the valve body may move somewhat with the

flow, somewhat like a middle leaflet or sail around which the blood passes, as well as with

movement of the heart tissues to which the valve body is mounted. As the valve moves from

the open configuration toward the closed configuration, the movement of the native valve

leaflet tissue, valve-body support tissues (to which the valve body is anchored), and blood

within the heart may help to move the valve body back into a desirable configuration for

sealing. Surprisingly, separate deployment of independent anchors near each of the two

commissures may greatly facilitate and expedite accurate positioning and support of the valve

body, with an exemplary triangular valve body employing a third anchor between the

papillary muscles (or otherwise within the ventricle). The exemplary valve body includes an

outer surface comprising ePTFE or other biocompatible and non-thrombogenic materials,

ideally formed as a layer over a fluid-absorbing foam or other matrix that swells toward a

desired nominal three-dimensional valve body shape after introduction into the heart, with the

valve body shape optionally being selected after one or more of the anchors has been



deployed. Advantageously, the implants described herein can be placed into a patient's

beating heart and accurately positioned in alignment with the mitral valve without open heart

surgery, typically via a patient's vasculature and/or using minimally invasive surgical

techniques, and often using a catheter deployment system having a desirably small profile.

Hence, the invention can provide simple, cost-effective, and less invasive devices, systems,

and methods for treating a range of dysfunction of a heart valve, e.g., in the treatment of

organic and functional mitral valve regurgitation.

[0018] In a first aspect, the invention provides a method for treating mal-coaptation of a

heart valve in a patient. The heart valve has an annulus and first and second leaflets. The

annulus defines a valve axis extending along a blood flow path, and the first and second

leaflets have a coaptation zone defining a curve extending across the flow path. The method

comprises introducing an implant into the heart while the implant is in a first configuration.

The implant is deployed from the first configuration to a second configuration within the

heart. The implant in the second configuration has a coaptation assist body with first and

second opposed coaptation surfaces. The deployed implant is supported so that the

coaptation assist body is offset from the axis of the heart valve along the coaptation zone.

The first leaflet of the heart valve seals or coapts with the first coaptation surface and the

second leaflet of the heart valve seals or coapts with the second coaptation surface such that

the mal-coaptation of the heart valve is mitigated.

[0019] In another aspect, the invention provides a method for treating mal-coaptation of a

heart valve in a patient. The heart valve has first and second leaflets with a first commissure

at a first junction of the first and second leaflets and a second commissure at a second

junction of the first and second leaflets. The method comprises selectively deploying a first

anchor at a first target location near the first commissure. A second anchor is selectively

deployed at a second target location near the second commissure. A coaptation assist body is

introduced into the heart, the coaptation assist body having first and second opposed

coaptation surfaces. The coaptation assist body is supported with the first anchor so that a

first lateral edge of the coaptation assist body extends toward the first commissure, and the

coaptation assist body is supported with the second anchor so that a second lateral edge of the

coaptation assist body extends toward the second commissure. The first leaflet of the heart

valve coapts with the first coaptation surface and the second leaflet of the heart valve coapts

with the second coaptation surface such that the mal-coaptation of the heart valve is mitigated

[0020] In an apparatus aspect, the invention provides an implant for treating mal-coaptation

of a heart valve in a patient. The heart valve has an annulus and first and second leaflets with



a first commissure at a first junction of the first and second leaflets and a second commissure

at a second junction of the first and second leaflets. The implant comprises a coaptation

assist body having an axis and first and second opposed major coaptation surfaces. Each

coaptation surface extends laterally between a first lateral edge and a second lateral edge of

the coaptation assist body. A first anchor is selectively deployable at a first target location of

the heart near the first commissure and coupleable to the coaptation assist body so that the

first lateral edge is oriented toward the first commissure. A second anchor is selectively

deployable, independently of the deployment of the first anchor, at a second target location of

the heart near the second commissure, and is coupleable with the coaptation assist device so

that the second lateral edge is oriented toward the second commissure, such that the first

leaflet of the heart valve coapts with the first coaptation surface and the second leaflet of the

heart valve coapts with the second coaptation surface sufficiently that the mal-coaptation of

the heart valve is mitigated

[0021] In another device aspect the invention provides a coaptation assist implant for

treating mal-coaptation of a heart valve in a patient. The heart valve has an annulus and first

and second leaflets, the annulus defining a valve axis extending along a blood flow path. The

first and second leaflets have a coaptation zone defining a curve extending across the flow

path. The implant comprises a coaptation assist body having an axis and first and second

opposed major coaptation surfaces. Each coaptation surface extends laterally between a first

lateral edge and a second lateral edge of the coaptation assist body. The coaptation assist

body is supportable within the heart so that the axis of the implant extends along the axis of

the valve with the first and second lateral sides of the coaptation assist body extend along the

curve of the coaptation zone of the heart valve. The coaptation assist body of the supported

implant is sufficiently laterally conformable that engagement between the implant and the

heart laterally bends the coaptation assist body between the edges toward the curve defined

by the coaptation zone of the heart valve

[0022] In yet another device aspect, the invention provides a coaptation assist implant for

treating mal-coaptation of a heart valve in a patient. The heart valve has an annulus and first

and second leaflets, the annulus defining a valve axis extending along a blood flow path. The

first and second leaflets have a coaptation zone defining a curve extending across the flow

path. The implant comprises a coaptation assist body having an axis and first and second

opposed major coaptation surfaces. Each coaptation surface extends laterally between a first

lateral edge and a second lateral edge of the coaptation assist body. The coaptation assist

body is introducible into the heart and supportable within the heart so that the axis of the



coaptation assist body extends along the axis of the valve with the first and second lateral

sides of the coaptation assist body extending, fully or partially, along the curve of the

coaptation zone of the heart valve. The coaptation assist body is deployable from a first

configuration to a second configuration by removing the coaptation assist body from within a

surrounding deployment catheter.

[0023] In a system aspect, the invention provides a coaptation assist system for treating

mal-coaptation of a heart valve in a patient. The heart valve has an annulus and first and

second leaflets. The annulus defines a valve axis extending along a blood flow path. The

system comprises a deployment catheter system including a catheter body having a proximal

end and a distal end. The distal end is steerable within the heart from the proximal end. A

first anchor is selectively deployable from the distal end of the catheter body at a first target

location of the heart near the first commissure. A coaptation assist body has an axis and first

and second opposed major coaptation surfaces. Each coaptation surface extends laterally

between a first lateral edge and a second lateral edge of the coaptation assist body. The

coaptation assist body is introducible into the heart and coupleable in vivo with the first

anchor after the first anchor is deployed in the heart so that the first lateral edge extends

toward the first commissure.

[0024] In exemplary embodiments, a second anchor may be selectively deployable at a

second target location, and a distal ventricular anchor may be selectively deployable at a third

target locations, the selection of the target locations ideally being substantially independent of

each other. Optionally, in vivo coupling of the coaptation assist body to the second anchor

orients the second lateral edge toward the second commissure, while the distal ventricular

anchor may optionally be mounted to the coaptation assist body prior to introduction into the

patient and used to help orient the coaptation assist body. In many embodiments the

coaptation assist body of the supported implant will define a curve extending across the blood

flow path of the valve. The curve of the coaptation assist body can corresponding to the

curve of the coaptation zone. Optionally, the engagement between the implant and the tissue

of the heart may orient and maintain a position of the coaptation assist body so that the curves

correspond. The implant will often be deployed and supported within the heart so that along

the coaptation zone the first surface has a curved cross-section and the second surface has a

curved cross-section, and so that coaptation assist body, including the curved cross-sections

of the first and second surfaces, is separated from and curves around the central axis of the

heart valve. The implant can be deployed and supported within the heart so that along the

coaptation zone the first surface has a concave cross-section and the second surface has a



convex cross-section, and so that the concave cross-section of the first surface is separated

from and curves around the axis of the heart valve.

[0025] In another device aspect, a coaptation assist device for treating mal-coaptation of a

heart valve in a patient is provided. The heart valve has an annulus and first and second

leaflets. The annulus defines a valve axis, and the first and second leaflets have a coaptation

zone. The device comprises a coaptation assist body having an axis and first and second

opposed major coaptation surfaces. The coaptation assist body defines a channel within the

coaptation assist body, and the coaptation assist body is introducible into the heart and

coupleable in vivo within the heart valve. The device further comprises a tether disposed

within the axial channel and coupled to the coaptation assist body near a first end of the

channel, and also comprises a curvature lock attached to the tether near a second end of the

channel. The tether is lockable by the lock to constrain the distance between the first and

second ends of the channel so as to define a curvature of the coaptation assist body.

[0026] In another method aspect, a method of treating mal-coaptation of a heart valve in a

patient is provided. The heart valve has an annulus and first and second leaflets. The

annulus defines a valve axis extending along a blood flow path, and the first and second

leaflets have a coaptation zone. The method comprises introducing an implant having a

coaptation assist body with first and second opposed coaptation surfaces into the heart valve,

supporting the deployed implant so that the coaptation assist body is disposed within the

coaptation zone, and adjusting a curvature of the coaptation assist body.

[0027] In another system aspect, a system for treating mal-coaptation of a heart valve in a

patient is provided. The heart valve has an annulus and first and second leaflets, and the

annulus defines a valve axis. The system comprises a catheter system including a catheter

body having a proximal end and a distal end, and the distal end is steerable within the heart

from the proximal end. The system further comprises a coaptation assist body having an axis

and first and second opposed major coaptation surfaces. Each of the coaptation surfaces

extends laterally between a first lateral edge and a second lateral edge of the coaptation assist

body. The coaptation assist body is introducible into the heart and coupleable in vivo within

the heart valve, and the coaptation assist body defines a channel. The system further includes

a tether extending through the channel such that a curvature of the coaptation assist body is

adjustable by varying the distance between the ends of the channel along the tether. The

system also comprises a curvature lock on the tether operable to constrain the distance

between the ends of the channel so as to define a curvature of the coaptation assist body.



[0028] Advantageously, engagement between the implant and the heart valve (optionally

including engagement between the coaptation assist body and the leaflets) can induce

conformation of the curve of the coaptation assist body to the curve defined by the coaptation

zone of the heart valve. More specifically, the coaptation zone of the heart valve may have a

pre-treatment coaptation zone and the coaptation zone may exhibit a pre-treatment curve

across the valve annulus. Engagement of the heart valve against the implant can laterally

bend the coaptation assist body from a nominal cross-sectional shape toward the pre-

treatment curve. Note that lateral flexibility of the coaptation assist body may be quite high

(some embodiments relying on a single sheet of relatively thin membrane along at least a

portion of the body, optionally with the membrane being supported at opposed edges and

without lateral reinforcement against lateral bending), and that the bending forces will often

be imposed at least in part via the anchoring structures (and/or via the direct engagement

between the native leaflets of the valve and the coaptation assist body). Where the first

leaflet may coapt with the first coaptation surface along a first axial coaptation range, and the

second leaflet may coapt with the second coaptation surface along a second axial coaptation

range at least partially offset from the first coaptation range, the coaptation assist body will

preferably have sufficient axial stiffness to inhibit axial flexing when the first and second

axial coaptation ranges are offset such that regurgitation associated with prolapse is inhibited.

For example, axially oriented stiffeners may extend along an axial length of the coaptation

body. In many embodiments, the axial stiffness of the coaptation assist body will be greater

than a lateral stiffness of the coaptation assist body, such that engagement of the leaflets of

the valve against the coaptation assist body laterally bends the coaptation assist body with

limited axial bending of the coaptation assist body, optionally through the use of axial

stiffeners, supporting of the coaptation assist body under an axial load, or the like.

[0029] Embodiments of the coaptation assist body and methods for its use may benefit

from relatively simple and readily deployed shapes. In some embodiments, the implant can

be deployed and supported within the heart so that downstream of the coaptation zone the

coaptation assist body defines a downstream curve, the downstream curve having a radius

smaller than the curve of the coaptation assist body along the coaptation zone this provides

the coaptation assist body with a funnel-like shape. A lateral width of the coaptation assist

body adjacent the annulus may be configured to extend only part way between the

commissures during some or all of the heart beat cycle. As the commissure-to-commissure

width of the valve may decrease significantly from diastole to systole, having the width of the

coaptation assist body being less than the commissure-to-commissure width may help limit



disadvantageous bending of the coaptation assist body during cardiac cycles. Some

embodiments may employ coaptation assist bodies having a first lateral width adjacent the

annulus that is configured for sealingly engaging against the valve at the first commissure and

at the second commissure. The coaptation assist body of the supported implant can taper

axially inwardly downstream of the coaptation zone so that a downstream width of the

coaptation assist body is less than the first width, with the downstream end preferably being

rigidly or resiliently supported by a third anchor deployed in the ventricle of the heart.

Where the coaptation assist body comprises a conformable material such as ePTFE, such a

triangular structure may be constrained in a relatively small diameter catheter and easily and

accurately deployed within the valve using plastically deformable polymers or the like, often

without having to rely on exotic resilient flexible structural shapes or being subject to fatigue

failures related to the significant changes in size of the valve annulus during beating of the

heart.

[0030] A variety of known or new support structures can be used to support the coaptation

assist body within the valve of the heart. In exemplary embodiments, a first lateral edge of

the coaptation assist body will be supported with a first support interface adjacent the first

commissure. A second lateral edge of the coaptation assist body can similarly be supported

with a second support interface adjacent the second commissure. Each of the first and second

support interfaces should ideally be able to transmit loads between the coaptation assist body

and tissue of the heart so as to maintain a desired position of the implant when the annulus of

the heart changes in diameter by more than 10% with each beat of the heart, typically by

more than 15%, and ideally by about 20% or more. While some embodiment may employ

arcuate support structures extending around the valve annulus or structural interconnects

which seek to resiliently or rigidly span the annulus (optionally so as press outwardly against

opposed regions of the annulus during at least a portion of heart beat cycle), preferred

approaches will avoid the limitations on cardiac tissue movement and/or limits to fatigue life

of the implant that may result. By instead employing functionally separate anchor structures

near each commissure, which anchors can be independently deployed (and if desired,

independently removed and repositioned), these embodiments present significant structural

advantages without having to limit tissue movement or implant life.

[0031] Exemplary embodiments of the structural interfaces supporting the coaptation assist

body may include a tissue penetrating body that can be advanced from within a chamber of

the heart into a tissue of the heart. For example, the interface may employ a helical body

having a helical axis, so that advancing of the helical body into the tissue of the heart can be



performed by rotating the helical body about the helical axis so as to screw the helical body

into a tissue of the heart adjacent the annulus. When the interface relies on an annular

support structure adjacent the annulus, at least one of the support interfaces may comprise a

sliding interface between the annular support structure and the coaptation assist body so as to

accommodate tissue motion without limiting fatigue life. An apical end of the coaptation

assist body may extend axially from the annulus toward a ventricular apex of the heart, and

the apical end of the coaptation assist body can be supported relative to a ventricular tissue of

the heart with a ventricular support interface such as an anchor deployed between the

papillary muscles. The apical end of the coaptation assist body can be affixed to a tissue-

engaging surface of the anchor or other ventricular support interface, or a resilient (including

superelastic) structure such as a spring, elastic fabric, metal coil, or the like may alternatively

resiliently support the apical end of the coaptation assist body relative to a tissue engaging

surface of the ventricular support interface so as to support the implant throughout changes in

axial length of the ventricle during beating of the heart. Although optional embodiments

might include a shaft or other structural member extending from tissues of the ventricle

toward the atrium so as to axially maintain the coaptation assist body up within the coaptation

zone, many embodiments can forego such compressively loaded structures.

[0032] The relative sizes and shapes of the coaptation assist bodies may be selected in

response to characterization of the mal-coaptation of a particular patient's mitral valve, in

response to valve measurements, and/or the like, but will often include certain common

characteristics that enhance the functioning and/or deployment of the implant. When the

implant is in a nominal configuration (such as when the coaptation assist device is

unconstrained and at rest within blood or another suitable fluid) the coaptation assist body

may have an axial length, a thickness between the coaptation surfaces, and a commissure-to-

commissure width. Similarly, when the implant is deployed, coaptation assist device may

similarly have an axial length, a thickness, and a width. When the implant is in the nominal

and/or deployed configuration the width may be from 5 mm to 35 mm, typically being about

20 mm. Preferably, when the implant is in the nominal and/or deployed configuration the

thickness will typically be from 0.5 mm to 10 mm, preferably being about 3 mm; and in

many cases less than 20% of the width, often less than 15% of the width, optionally being

less than 0 % of the width. In many embodiments, when in the nominal and/or deployed

configuration, the length will be from 20 mm to 60 mm, preferably being about 40 mm; and

generally at least 75% of the width, typically being at least 150% of the width, and in many

cases being at least 175% or even at least 200% of the width. The commissure-to-



commissure width of the coaptation assist body can be less than a measured commissure-to-

commissure width of the patient's valve during diastole or even slightly less than a measured

commissure-to-commissure width of the valve during systole, such that the coaptation assist

body fits within the valve without being excessively distorted or impinged upon along its

lateral edges. Nonetheless, the width of the coaptation assist body will typically be adequate

to induce sealing of the valve. In some cases, the coaptation assist body may be only a

portion of a measured valve width, which could be as small as 75% or even 60%.

[0033] The implants described herein will often be deployable from a lumen of a

transseptal or other atrial access catheter, an outer profile of the catheter deployment system

typically being less than 19 Fr, often being less than 16 Fr, in many cases being 14 Fr or less.

The coaptation assist body may be deployable by removing the coaptation assist body from

within the surrounding deployment catheter and laterally expanding the coaptation assist

body from an insertion profile to a deployed profile. The coaptation assist body may expand

laterally by unfurling, unfolding, and/or unrolling the coaptation assist body. In some

embodiments, the coaptation assist body has an insertion volume within the deployment

catheter and a deployed volume greater than the insertion volume, with the body

volumetrically expanding within the heart so as to increase a thickness of the coaptation assist

device between the first and second coaptation surfaces after it is removed from the catheter

lumen. The coaptation assist body may comprise a permeable material, and may be

configured to volumetrically expand without resorting to inflating the coaptation assist body

using inflation fluid introduced from outside a vascular system of the patient. In other

embodiments, balloon-inflation like expansion may be used, or the coaptation assist body

may have an insertion volume within the deployment catheter, and the implant may be

configured so as to inhibit mal-coaptation without volumetrically expanding the coaptation

assist body from the insertion volume. In some embodiments, and particularly where the

mal-coaptation of the valve varies along the curve prior to implantation (for example, when

there is prolapse of a segment of the mitral valve such as A2-P2), the variation in mal-

coaptation along the curve may be characterized using imaging (such as ultrasound imaging,

fluoroscopy, angiography, computer tomography, magnetic resonance imaging, or the like).

A thickness of the deployed coaptation assist body between the first coaptation surface and

the second coaptation surface may vary along the curve in response to the characterization of

the variation in mal-coaptation, optionally by selecting of an appropriate valve body from

among a plurality of alternative valve bodies in response to the characterization.



[0034] The use of at least partially independent anchors separated about the tissues of the

heart and/or of mountingly coupling the valve body to the at least initially deployed anchors

significantly facilitates implantation. Selectively deploying the first and second anchors may

be performed by directing the first anchor toward the first target location, and directing the

second anchor (often after the first anchor has been at least initially deployed and

independently of the directing of the first anchor) toward the second target location. The

directing of the first anchor can be performed by steering a steerable catheter body from

outside the patient, and the directing of the second anchor can be performed by steering the

same steerable catheter body. The steerable catheter body may support an electrode sensing

surface, and an electrogram may be sensed at candidate target locations when the electrode

sensing surface is connected externally to an electrical signal recording device. Alternatively,

the anchor itself may have electrical sensing capability and connected externally to an

electrical signal recording device, or both catheter body and anchor may have electrical

sensing capability. The first and/or second target locations can be sensed in response to the

electrograms of the candidate target location, such as by determining when the electrogram

has a desired signal corresponding to one or more of the major structures of the heart (for

example, a desired mix of atrial and ventricle signals to identify axial positioning relative to

the valve annulus, with or without a mix of signals indicative of lateral positioning relative to

the septum or other anterior/posterior structures. Tactile indications of the annulus and

commissures may also be employed, optionally under ultrasound and/or fluoroscopic

imaging.

[0035] The separate deployment of the anchors may also facilitate verification that

adequate support will be provided. For example, the first anchor may be configured to be

initially deployed while remaining coupled to the deployment system, such as by keeping a

torqueable body connected to a helical anchor after the anchor has been screwed into the

heart tissue from within the heart. It will then be possible to determine that the initially

deployed first anchor is not satisfactory, such as by applying tension to the connecting body,

via electrogram signals transmitted from the anchor, or the like. The initially deployed first

anchor can then be disengaged from tissue of the heart, aligned with the first target location,

and re-deployed. It will then be relatively straightforward to verify that the first anchor

deployment at the first target location is acceptable, and the initial deployment, moving, and

verifying can all be performed without disengaging the second anchor from the second target

location (either because it was not yet even initially deployed, or by leaving the second

anchor in engagement with the target tissue throughout the process).



[0036] The coaptation assist body to be implanted in a particular patient may be selected

from among a plurality of alternatively selectable coaptation assist bodies included with the

implantation system. The alternative bodies may have differing geometries suitable for

mitigating mal-coaptation of differing patients, and may be selected for implantation with the

anchors into the patient, optionally after at least one of the first and second anchors are at

least initially deployed, such as in response to a measurement of a location, separation, or

other characteristic of the deployed first and second anchors. Some or all of the coaptation

assist bodies may have flanges that protrude laterally from the coaptation surface when the

coaptation assist bodies are in their nominal or deployed configurations, which the flanges

often being configured so as to inhibit leaflet prolapse. The geometries of the flanges will

often differ among the coaptation assist bodies so as to facilitate mitigation of differing leaflet

prolapse characteristics of different patients by selecting an appropriate coaptation assist

body for that patient, often in response to imaging or measurement of the heart. For example,

flanges may protrude from the anterior and/or posterior coaptation surfaces, may have

differing protrusion lengths, surface shapes, and/or axial positions, may have differing lateral

widths and lateral positions, and the like.

[0037] The coaptation assist body may be supportingly coupled in vivo with the first and/or

second anchors after the first and/or second anchors are initially deployed. A third anchor

may be configured to be deployed at a third target location axially offset from the first and

second target locations, optionally within the left ventricle such as a region of the ventricle of

the heart between papillary muscles of the ventricle. The third anchor may be pre-mounted to

the valve body, and or may otherwise be configured to be advanced within the deployment

system toward the third target location after the first and second anchors are deployed, using

either the same steerable catheter or a different steerable catheter. The third anchor can be

rigidly affixed to an apical portion of the coaptation assist body, with the body configured to

accommodate relative movement between the anchors during beating of the heart with

deformation (such as lateral flexing and/or axial resilient elongation) of the coaptation assist

body In some embodiments, an axially resilient structure and/or material such as a spring, a

resilient polymer material such as a silicone elastomer, or the like may couple the third

anchor to the apical portion of the coaptation assist body so as to accommodate the relative

movement between the anchors. Still further options might be provide, including supporting

the coaptation assist body with the third anchor via a tether coupling the third anchor to an

apical portion of the coaptation assist body, and further comprising accommodating relative



movement between the anchors during beating of the heart with resilient deformation of the

coaptation assist body between the tether and the first and second anchors.

[0038] Advantageously, the devices and systems described herein can allow a physician to

determine an effectiveness of the implant at mitigating the mal-coaptation while a delivery

catheter remains coupled to at least one of the anchors and/or to the coaptation assist body.

The catheter may remain coupled to the anchors such that the catheter system does not

impose a significant load on the implant, such that the implant can be evaluated for

effectiveness in substantially the position and configuration the implant will have once the

catheter system is decoupled and removed. If the desired results are not seen, the physician

can move and/or replace the coupled anchor, and/or can replace the coaptation assist body

while leaving at least another of the anchors deployed. While some exemplary anchor

embodiments use a tissue penetrating helical body having a helical axis configured for

rotating the helical body about the helical axis so that helical body penetrates the first target

location from within the heart, a variety of alternative anchors might be used. In some

embodiments, the anchors might comprise suture, clips, staples, radiofrequency energy

welds, or the like, and may be used to mount the body to heart tissue within the heart in an

open surgical approach, during a robotic or endoscopic procedure, with access to the valve

optionally being provided through a puncture or incision through the ventricular apex or atrial

appendage, or the like. The implant will typically be configured so that, when deployed,

loads transmitted between the coaptation assist body and tissue of the heart allow the annulus

of the heart valve to change in diameter by more than 10% with each beat of the heart.

Despite these significant size excursions, and despite the first and second anchors being

circumferentially separated around the annulus, the anchors may each support the deployed

implant sufficiently independently of the other to inhibit subjecting any resilient (including

super-elastic) anchor-anchor interconnecting structure to fatigue-related failure during long-

term implantation. Hence, the invention can be used as a mitral leaflet coaptation

enhancement device configured to be positioned within the mitral valve during a brief,

minimally invasive procedure, and can improve valve function without requiring re-shaping

of all or part of the mitral annulus, and without changing leaflet edge anatomy (such as by

fusing leaflet edges or the like).



BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Figs 1A-IE schematically illustrate some of the tissues of the heart and mitral valve,

as described in the Background section and below, and which may interact with the implants

and systems described herein.

[0040] Figs. 2A-2C illustrate a simplified cross-section of a heart, schematically showing

mitral valve regurgitation related to mal-coaptation.

[0041] Fig. 2D schematically illustrates an exemplary embodiment of an implant deployed

within the mitral valve of Fig. 2C so as to mitigate the mal-coaptation.

[0042] Figs. 3A and 3B schematically illustrate components of an implant delivery system

for mitigation of mal-coaptation.

[0043] Figs. 3C and 3D schematically illustrate a coaptation assist body supported by a

steerable catheter, with the body in a laterally expanded configuration and in an insertion

configuration for advancement through a lumen of a delivery sheath, respectively.

[0044] Figs. 3E schematically illustrate a set of alternatively selectable valve bodies for

delivery to a valve and in-situ mounting to deployed anchors.

[0045] Figs. 3F-3G2 schematically illustrate a side view and cross-sections through an

exemplary coaptation assist body.

[0046] Figs. 3H-3Q schematically illustrate attachment of the coaptation assist body to

anchors and varying geometries of alternatively selectable coaptation assist bodies.

[0047] Figs. 4A-4C schematically illustrate alternative interface structures for mounting

coaptation assist bodies to tissues of the heart.

[0048] Figs. 4D and 4E schematically show an axial or end view of an implant having an

arcuate base and the same implant compressed for insertion into a delivery catheter.

[0049] Figs. 5A-5L schematically illustrate exemplary method steps for deploying implants

into the heart so as to mitigate mal-coaptation.

[0050] Figs. 6A-6C schematically illustrate alternative coaptation assist implants and their

implantation within a mitral valve.

[0051] Figs. 7A and 7B schematically illustrate alternative implant mounting interface

structures and methods, and show apposition of the leaflets against a movable and/or

deformable coaptation assist body.



[0052] Figs. 8A-8F illustrate exemplary components of a coaptation assist implant,

including sliding engagement between an elongate anchor coupling body and the interface so

as to facilitate in situ mounting of the coaptation assist body to the anchor.

[0053] Fig. 9 shows a coaptation device in accordance with embodiments.

[0054] Figs. 10A and 10B show a coaptation assist body in relaxed and curved positions

respectively, in accordance with embodiments.

[0055] Fig. 11 shows the coaptation device of Fig. 9 after deployment.

[0056] Figs. 12A and 1 B show an effect of the adjustment of the curvature of the

coaptation assist body of Fig. 9.

[0057] Fig. 13 shows the device of Fig. 9 after deployment within a heart valve and after

elements used in the deployment are removed.

DETAILED DESCRIPTION OF THE INVENTION

[0058] The present invention generally provides improved medical devices, systems, and

methods, often for treatment of mitral valve regurgitation and other valve diseases. The

implants described herein will generally include a coaptation assist body (sometimes referred

to herein as a valve body) which is within the blood flow path as the leaflets of the valve

move back and forth between an open-valve configuration (with the leaflets separated from

valve body) and a closed-valve configuration (with the leaflets engaging opposed surfaces of

the valve body). The valve body may structurally float or move within the annulus of the

valve during beating of the heart, and will be disposed between the native leaflets to fill gaps

between the coapting leaflet surfaces. Those gaps may be lateral (such as may be caused by a

dilated left ventricle and/or mitral valve annulus) and/or axial (such as where one leaflet

prolapses or is pushed by fluid pressure beyond the annulus when the valve should close.

[0059] Among other uses, the coaptation assistance devices, implants, and methods

described herein may be configured for treating functional and/or degenerative mitral valve

regurgitation (MR) by creating an artificial coaptation zone within which each of the native

mitral valve leaflets can seal. The structures and methods herein will largely be tailored to

this application, though alternative embodiments might be configured for use in other valves

of the heart and/or body, including the tricuspid valve, valves of the peripheral vasculature, or

the like.



[0060] Referring to Figs. 1A- IE, there are several conditions or disease states in which the

leaflet edges of the mitral valve fail to appose sufficiently and thereby allow blood to

regurgitate in systole from the ventricle into the atrium. Regardless of the specific etiology of

a particular patient, failure of the leaflets to seal during ventricular systole is known as mal-

coaptation and gives rise to mitral regurgitation.

[0061] The fibrous annulus, part of the cardiac skeleton, provides attachment for the two

leaflets of the mitral valve, referred to as the anterior leaflet and the posterior leaflet. The

leaflets are axially supported by attachment to the chordae tendineae. The chordae, in turn,

attach to one or both of the papillary muscles of the left ventricle. In a healthy heart, the

chordae support structures tether the mitral valve leaflets, allowing the leaflets to open easily

during diastole but to resist the high pressure developed during ventricular systole. In

addition to the tethering effect of the support structure, the shape and tissue consistency of the

leaflets helps promote an effective seal or coaptation. The leading edges of the anterior and

posterior leaflet come together along a funnel-shaped zone of coaptation, with a lateral cross-

section of the three-dimensional coaptation zone CZ being shown schematically in Fig. IE.

[0062] Generally, mal-coaptation can result from either excessive tethering by the support

structures of one or both leaflets, or from excessive stretching or tearing of the support

structures. Other, less common causes include infection of the heart valve, congenital

abnormalities, and trauma.

[0063] Valve malfunction can result from the chordae tendineae becoming stretched,

known as mitral valve prolapse, and in some cases tearing of the chordae or papillary muscle,

known as a flail leaflet. Or if the leaflet tissue itself is redundant, the valves may prolapse so

that the level of coaptation occurs higher into the atrium, opening the valve higher in the

atrium during ventricular systole. Either one of the leaflets can undergo prolapse or become

flail. This condition is sometimes known as structural mitral valve regurgitation.

[0064] In excessive tethering, the leaflets of a normally structured valve may not function

properly because of enlargement of or shape change in the valve annulus: so-called annular

dilation. Such functional mitral regurgitation generally results from heart muscle failure. And

the excessive volume load resulting from functional mitral regurgitation can itself exacerbate

heart failure, ventricular and annular dilation, thus worsening mitral regurgitation.

[0065] The anterior and posterior mitral leaflets are dissimilarly shaped. The anterior leaflet

is more firmly attached to the annulus overlying the central fibrous body (cardiac skeleton),

and is somewhat stiffer than the posterior leaflet, which is attached to the more mobile



posterior lateral mitral annulus. The coaptation zone between the leaflets is not a simple line,

but rather a curved funnel-shaped surface interface. The commissures are where the anterior

leaflet meets the posterior leaflet at the annulus. As seen most clearly in the axial views from

the atrium of Figs. 1C and ID, an axial cross-section of the coaptation zone generally shows

the curved line CL that is separated from a centroid of the annulus CA as well as from the

opening through the valve during diastole CO. In addition, the leaflet edges are scalloped,

more so for the posterior versus the anterior leaflet. The generally 3 scallops, or segments, are

referred to as the Al, A2, and A3, and PI, P2, and P3 segments. Mal-coaptation can occur

between one or more of these A-P segment pairs, so that mal-coaptation characteristics may

vary along the curve of the coaptation zone CL.

[0066] Referring now to Fig. 2A, a properly functioning mitral valve MV of a heart H is

open during diastole to allow blood to flow along a flow path FP from the left atrium toward

the left ventricle LV and thereby fill the left ventricle. As shown in Fig. 2B, the functioning

mitral valve MV closes and effectively seals the left ventricle LV from the left atrium LA

during systole, thereby allowing contraction of the heart tissue surrounding the left ventricle

to advance blood throughout the vasculature. However, as illustrated in Fig. 2C, in a patient

suffering from mitral valve regurgitation, mal-coaptation of the leaflets of the mitral valve

MV during systole allows blood to regurgitate or flow backward relative to the intended flow

path FP, decreasing the effectiveness of the left ventricle compression.

[0067] Referring now to Fig. 2D, an exemplary embodiment of a coaptation assist implant

10 has been deployed within heart H. Implant 10 includes a coaptation assist body 12

supported relative to the heart tissues by support interface structures, with the exemplary

supports making use of independent anchors 14. Coaptation assist body or valve body 12 is

configured and positioned so that the anterior leaflet of the mitral valve coapts with a first

coaptation surface of the valve body and the posterior leaflet of the mitral valve coapts with a

second coaptation surface, with the first and second surfaces being generally opposed so that

the valve body is disposed between the previously mal-coapting leaflets. The implant helps

mitigate gaps and any axial mismatch between the leaflets when the valve is closed, and may

also help reposition the closed leaflets toward a more effectively sealing closed configuration

such that the mal-coaptation of the heart valve and regurgitation are mitigated.

[0068] Still referring Fig. 2D, independent anchors 14 allow a single anchor to be deployed

at an associated target location within the heart without having to concurrently orient another

of the anchors toward a different target location. The use of independent anchors also allows

an individual anchor to maintain positioning engagement with the target location of the heart



before another anchor is moved into alignment with a different target location, and/or allows

an anchor to be moved into alignment with a target location of the heart after another anchor

has been deployed without moving the deployed anchor, and regardless of the size of the

valve body, valve, and/or the like.

[0069] The deployed coaptation assist implants described herein may exhibit a number of

desirable characteristics. Generally, the deployed implants will mitigate or help correct

mitral regurgitation MR due to mal-coaptation, including mal-coaptation secondary to

restricted leaflet motion (i.e., excessive tethering of the mitral support structures including the

papillary muscles and chordae tendineae.) Similarly, the deployed implants may mitigate or

help correct MR due to mal-coaptation secondary to excessive leaflet motion such as

associated with mitral valve prolapse or flail leaflet. Exemplary embodiments need not rely

on reshaping of the mitral annulus (such as by thermal shrinking of annular tissue,

implantation of an annular ring prosthesis, and/or placement of a cinching mechanism either

above or beneath the valve plane, or in the coronary sinus or related blood vessels).

Advantageously, they also need not disrupt the leaflet structure or rely on locking together or

fusing of the mitral leaflets. Many embodiments can avoid reliance on ventricular reshaping,

and after implantation represent passive implanted devices with limited excursion which may

results in an very long fatigue life. Mitigation of mitral valve mal-coaptation may be

effective irrespective of which leaflet segment(s) exhibit mal-coaptation. The treatments

described herein will make use of implants that are repositionable during the procedure, and

even removable after complete deployment and/or tissue response begins or is completed,

often without damaging the valve structure. Nonetheless, the implants described herein may

be combined with one or more therapies that do rely on one or more of the attributes

described above as being obviated. The implants themselves can exhibit benign tissue

healing and rapid endothelialization which inhibit migration, thromboembolism, infection,

and/or erosion. In some cases, the coaptation assist body will exhibit no endotheliazation but

its surface will remain inert, which can also inhibit migration, thromboembolism, infection

and/or erosion.

[0070] Referring now to Figs. 3A-3C, components of a coaptation assist system can be

seen. An anchor deployment catheter 100 includes an elongate catheter body 0 1 having a

proximal end 102 and a distal end 104, with a lumen 106 extending therebetween. An anchor

108 is mounted to the distal end of an elongate anchor delivery body 110, allowing the

anchor to be advanced distally through lumen 106. In the exemplary embodiment, anchor

108 comprises a helical body that can be deployed by torquing the proximal end of anchor



delivery body 110 proximally of anchor delivery catheter 100 so as to screw the anchor into

the tissue of the heart from within the atrium and/or ventricle, so that anchor 108 can be

derived from and/or analogous to a pacemaker lead. A wide variety of alternative anchor

structures might also be used.

[0071] Referring still to Figs 3A-3C, anchor deployment catheter 100 will typically have a

proximal handle 11 with an actuator 114 for selectively steering or bending catheter body

101 near distal end 104. By selectively steering catheter 100 and manipulating the handle

112 so as to rotate catheter body 101 and/or axially advance the catheter body, the lumen 106

can be oriented toward a target region within the heart. Catheter 100 may comprise any of a

wide variety of know steerable catheter structures, including those which include a pull wire

extending distally from actuator 1 4 to distal end 104 so as to selectively bend and steer the

catheter. In an exemplary embodiment, anchor deployment catheter 00 includes an

electrode 116 adjacent distal end 104, with the electrode being coupled to a proximal

electrogram connector 118 by a signal conductor extending axially within catheter body 101,

thereby allowing the physician to measure electrograms from candidate anchor locations

prior to deploying the anchor. Regardless of any electrogram sensing capability of the

catheter system alone, use of a conductive surface of an anchor (such as the outer surface of a

metallic anchor structure) as an electrode may advantageously provide signals directly from

the tissue, whereas the catheter structure may be positioned off the tissue. Electrode 116 may

also be used as a high-contrast marker under any of a variety of imaging modalities so as to

facilitate image guidance of the anchor deployment.

[0072] Referring now to Figs C and 3D, a valve body deployment catheter 120 releasably

carries a valve body 122 near a distal end 124. Valve body 122 is seen expanded in its

nominal or deployed configuration in Fig. 3C, and with a reduced profile for insertion into a

lumen 126 of an outer deployment sheath 128, with the deployment sheath being and lumen

being shown schematically. Valve body delivery catheter 120 has a proximal handle 130 and

may again be steerable so as to direct an anchor 108 mounted to valve body 122 toward a

target location. Catheter body 132 of valve body delivery catheter 120 (or a torquable shaft

within the catheter body) may be rotationally and axially coupled to anchor 108 so as to

facilitate deployment of the anchor from outside the patient.

[0073] Valve body 122 in its nominal or deployed configuration may have an atrial or

proximal end 134 and a ventricular or distal end 136, as seen in Figs. 3C-3F. The valve body

may be laterally flexible, (optionally comprising one or more sheets or layers of a flexible

tissue-ingrowth or endothelialization matrix such as an expanded polytetrafluoroethylene



(ePTFE)) in a roughly triangular configuration, with opposed lateral edges 138 tapering

radially inwardly toward the distal end 136 and anchor 108 of the valve body. Alternative

valve body materials can also be used including valve bodies formed using allograft and/or

xenograft materials, artificial collagenous matrices, alternative polymer materials, or the like.

The valve body may include more than one material, including fibers or layers of materials

which alter the mechanical characteristics such as to reinforce an ingrowth or

endothelialization material, increase or decrease a modulus of elasticity, or the like, with the

altered characteristics optionally being provided uniformly or along selected portions of the

valve body. A lateral atrial support 140 may be provided, but will often not be relied upon as

the primary structure to maintain engagement of the anchors against the tissues of the heart to

which they are attached. In the embodiment shown, atrial support 140 may comprise one or

more plastically and/or resilient flexible polymer filament such as a suture or the like, one or

more filament of a superelastic shape memory alloy such as a Nitinol alloy, one or more

superelastic polymer filament, or the like. The atrial end 134 of valve body 122 may

slidingly engage atrial support or member 140 so as to facilitate laterally compressing the

valve body into outer sheath 138. The ends of atrial support 140 may each include a loop 142

or other structure to slidably engage an elongate anchor delivery body 110 of an associated

anchor 108 (see Figs 3A and 3B), as will be more fully understood with reference to the

description of the steps that can be used during deployment of the implant as provided below.

[0074] As seen in Fig. 3E, exemplary embodiments of coaptation assist systems may

include a set 150 having plurality of alternatively selectable valve bodies, with the various

valve bodies 1 2, 122a, 122b, . . . often having differing geometries. Each valve body 122

will typically have a nominal and/or deployed axial length 152 (with the axial length

generally being measured along the axis of the valve when the valve body is positioned for

use), a lateral width between lateral edges 138, and a thickness 154 between the opposed

major surfaces 156, 158 of the valve body. Each of the native leaflets of the valve will coapt

with an associated one of the major surfaces 1 6, 158 of the valve body 122, so that these

surfaces may also be referred to herein as coaptation surfaces. The varying geometries of the

various valve bodies 122, 122a, 122b, ... of valve body set 150 will typically include

differing thicknesses 154 (so as to accommodate differing mal-coaptation characteristics),

differing axial lengths 152 (so as to accommodate differing ventricle geometries), differing

lateral widths between the lateral edges 138 (so as to accommodate differing commissure-to-

commissure arcuate distances, differing cross-sectional curvatures (so as to accommodate

differences in the curvature line defined by the coaptation zone of the valve), and/or the like.



Selecting from among these differing geometries by picking an associated one of the set of

valve bodies 150 allows tailoring of the mitral valve regurgitation therapy to the valve disease

of a particular patient. Advantageously, the selection of the valve body from the set may also

be done after (and in response to) deployment of one or more of the anchors, so that the

selected valve body and its associated structural interface may make use of the deployed

anchors as measurement fiducials for measuring the valve, and may also be tailored to be

suitable for the actual anchor positions within the patient.

[0075] Referring now to Figs. 3G1 and 3G2, schematic axial cross-sections of valve body

122 show an outer tissue ingrowth layer 1 0 disposed along the opposed major surfaces 156,

158 over a fluid-absorbing core 172. Core 172 can have a small volume configuration prior

to implantation (as shown in Fig. 3G2) in which the core has a significantly smaller volume

than after core 172 has been deployed within the heart and absorbed fluid. Suitable materials

for core 172 may comprise foams including medical grade polyurethane foam, silicone and/or

natural rubber foam, hydrogels, a wide variety of hydrophilic polymer matrices, or the like.

Core 172 and outer layer 170 may together define a nominal cross-sectional shape of the

valve body (including a valve body curve 174) when the valve is unconstrained and absorbs

blood or another suitable model fluid. As the valve body will often be a relatively

conformable structure with a geometry that can be altered by interaction with tissues, the

deployed cross-sectional shape of the valve body (and the overall three-dimensional valve

body shape) will often depend on both the nominal shape, the surrounding cardiac tissue, and

the characteristics (locations and the like) of the anchors.

[0076] Referring now to Figs. 3H, 311 , and 312, the deployed implant 180 will often

support valve body 122 using structural support interfaces that include anchors 108 along

with associated structural mountings or couplers 182 so as to facilitate in situ assembly of the

valve body and at least one of the anchors. Couplers 182 are shown schematically, but may

comprise simple loops or apertures in atrial support 140 or elongate anchor coupling body

1 0 that allows one of these two structures to slide relative to the other. By sliding a loop

142 of atrial support 140 over a proximal end of elongate anchor coupling body 110 (for

example) outside the patient, the atrial support and valve body may be guided distally by

deployment body 110 into engagement with the deployed anchor 108. The structural

engagement between the deployed anchor and valve body can optionally be completed by

crimping the loop closed around the elongate anchor coupling body 1 0 adjacent the anchor,

by advancing a locking structure over the elongate anchor coupling body so as the capture the

loop between the anchor and locking structure, by capturing the loop into a latch of the



anchor, or by another suitable coupler 182. Once the valve body is supported by the anchor

as desired, the elongate anchor coupling body proximal of the connector 182 can be detached

and removed. Also shown schematically in Figs. 3H and 311 are axial struts 184 which can

be included within valve body 122 so as to inhibit axial bending, thereby enhancing

coaptation when the coaptation zone between a first leaflet of the valve and major surface

156 is axially offset from the coaptation zone between a second leaflet of the valve and

surface 158.

[0077] Referring now to Figs. 313-312, an exemplary anchor deployment assembly 402

includes an anchor coupling body 110 and the associated anchor 108, along with an anchor

deployment catheter 404. Anchor deployment catheter 404 includes an elongate shaft with a

proximal portion 406 extending distally to a more flexible distal portion 408. A distal tip of

the flexible portion includes a torque-imparting feature such as a slot 4 10 to releasably

rotationally drive anchor 108 when a transverse member across the helical coil of the anchor

axially engages the distal end of anchor deployment catheter (such as when the elongate

coupling body 110 proximal of anchor catheter 404 is pulled proximally), allowing the

anchor to be rotationally and axially driven into tissue by manipulating the proximal end of

the anchor deployment catheter.

[0078] The structure and use of an exemplary anchor crimping and cutting assembly 420

can be understood with reference to Figs. 316-319. A crimping and cutting catheter 422

includes a shaft 424 that extends distally from a proximal handle 426. A distal portion of

shaft 424 is more flexible than a proximal portion, and ends at a distal tip 428 having a side

port 430 and releasably supporting a crimp 432. Crimp 432 receives anchor coupling body

110 therethrough, with crimp features configured (such as by being biased radially inwardly,

having proximally oriented edges, and/or the like) to allow the coupling body to slide

proximally through the crimp but to inhibit distal movement of the coupling body relative to

the crimp. A distally oriented surface of crimping and removal catheter 420 engages the

crimp, allowing the crimp to be advanced distally along the coupling body 110 by pushing

handle 426 distally and/or pulling the coupling body from outside the patient. Once crimp

432 engages (or is sufficiently close to) anchor 108, a cutting knob 434 adjacent handle 426

can be actuated so as to advance a cutting member such as a blade 440 and sever elongate

body 0 adjacent anchor 108, as can be understood with reference to Figs. 317 and 318.

Crimping and cutting catheter 420 can then be decoupled from crimp 432 and anchor 108 by

withdrawing the handle proximally, as shown in Fig. 319. Note that crimp 432 will often be



used to affix an implant to anchor 108 by advancing the implant over the coupling body 110

prior to advancing 43 distally.

[0079] An alternative crimping and cutting assembly 420' and associated method can be

understood with reference to Figs. 3110-311 3, with the assembly here having an alternative

cutting member 440' coupled to an energy source 444. Energy source 444 may comprise an

ultrasound energy source, a laser energy source, an RF or other electrical energy source, or

the like, so that energizing of the cutting member by the energy source facilitates decoupling

of the elongate body 110 from the anchor. Note that a wide variety of alternative decoupling

and/or cutting systems might be employed, including systems derived from those used to

decouple embolism coils and the like. Similarly, a variety of crimping or other anchor/valve

body coupling mechanisms may be employed, and a separate crimp catheter structure and

cutting catheter structure could be used if desired.

[0080] Referring now to Figs. 311 4-311 7, it can be seen how an aperture through lateral

atrial support 140 can be disposed over elongate connector bodies 110 between the anchors

108 and crimps 432, capturing the atrial support and thereby providing a coupler 182 that

mounts the valve body 122 to the anchors. Additional details regarding an exemplary

ventricular coupler 182 that can be used to affix the ventricular portion of coaptation body

122 to the ventricular anchor 108 can also be seen. More specifically, a hub 450 includes an

outer collar and a pin 452 extending laterally therethrough. Ventricular anchor 108 extends

axially through hub 4 0, with the helical winds of the anchor passing above and below pin

452. A torquable feature such as a socket 454 removably engages a driving feature 456,

allowing an anchor deployment shaft 458 to rotate the helical anchor from outside the patient

through a delivery catheter or sheath 128. As can be understood by comparing the ventricular

anchors of Figs. 3117 and 3118, interaction between pin 452 of hub 450 and the helical coils

of anchor 108 during rotation of the anchor drives the anchor distally, facilitating

advancement into tissue of the ventricle.

[0081] Referring now to Fig. 3 8, an implant having an alternative and optionally less

traumatic ventricular anchor 460 is shown. Anchor 460 comprises a central shaft 462 and a

circumferential array of radially protruding arms 464, with the arms angling proximally when

in a nominal or deployed configuration. Arms 464 of anchor 460 may be resiliently

compressed inwardly for delivery or advancement within tissue of the ventricle, with the

arms optionally retaining the anchor in the heart tissue like barbs, with the arm structures

comprising a relatively high strength metal such as a Nitinol alloy, or a high strength

polymer. In exemplary embodiments, anchor 460 need not penetrate deeply into the tissue of



the heart wall, but can be advanced so that arms 464 less traumatically entangle with the

ventricular trabeculae. Such embodiments may employ relatively flexible arm materials and

configurations, with the arms optionally comprising relatively soft tines of a polymer such as

polyurethane, polyester, nylon, or the like.

[0082] Referring now to Figs. 3J-3L, the alternative geometries of the valve bodies 122,

122a, 122b, . . . may include differing localized variations in thickness 1 4 between major

surfaces 156, 158. Mitral valve regurgitation may be localized, for example, with a large

amount of mal-coaptation between valve leaflet segments A l P l (see Fig. IB) so that a

relatively thick valve body would be advantageous in those areas, while the coaptation zone

along the interface between segments A2/P2 and A3/P3 would not benefit from as thick a

valve body (and for which too thick of a valve body may even be deleterious). Valve bodies

122, 122x, 122y . . . have variations in thickness 154 between lateral edges 138, and selection

of an appropriate one of these differing geometries will enhance coaptation. Advantageously,

if a first valve body does not provide effective sealing along one or more leaflet segments

when initially deployed, that valve body may be removed and replaced with an alternative

valve body having greater thickness at those segments, generally without having to alter a

position of initially deployed anchors adjacent the valve annulus.

[0083] Referring now to Figs. 3M-3Q, still further alternative geometries of the valve body

can be seen, with the valve bodies here having differing flanges along an atrial portion of one

or both of the coaptation surfaces so as to mitigate prolapse. In the valve body embodiment

468 of Fig. 3M, a fold or flange 470 protrudes laterally from an adjacent concave coaptation

surface 472 so as to axially engage an atrial portion of an anterior facing leaflet. The

engagement between flange 470 and the leaflet may help configure the leaflet and/or valve

body, enhancing sealing of the valve. Valve body embodiment 474 of Fig. 3N has a

protruding fold or flange on a concave or posterior facing side, which may help mitigate

prolapse of the other leaflet. Still further coaptation assist bodies may have flanges or folds

that are localized along a lateral portion of their widths, with the localized lip being

configured to inhibit upward prolapse of one or more of the leaflet segments. For example, in

the embodiments of Figs 30 and 3P, valve bodies 480 and 482 have localized lips 484 and

486 protruding from their concave coaptation surface 488 and convex coaptation surface 490,

respectively, with Fig. 3Q showing a cross-section of the valve body 480 a shape of lip 484.

[0084] Referring now to Figs. 4A and 4B, a variety of alternative or modified support

interfaces structures may be employed to transfer loads between the valve body and the

surrounding tissues of the heart. For example, in Fig. 4A, valve body 122 is coupled to



ventricle anchor 108 by an axially resilient spring 1 0, so that the spring can help

accommodate relative axial motion between the anchors adjacent the valve annulus and the

more apically disposed ventricular anchor. In Fig. 4B, valve body 122 is axially supported by

the ventricular anchor 108 via a laterally flexible filament or tether 192. An atrial tether 196

may support atrial end 134 of the valve body, with the atrial tether in turn optionally being

supported by a left atrial appendage anchor 198. Left atrial appendage anchor 198 may

optionally comprise a radially expandable body having barbs, so that the anchor can be

expanded into affixed engagement with the left atrial appendage of the heart.

[0085] Still further alternative o additional anchor structures and structural interface

approaches may be employed. An arcuate support base 202 may be configured to extend

along the annulus of the valve for alternative implant 204 as shown in Figs. 4C-4E. Base 202

has a plurality of tissue penetrating barbs 206 to penetrate tissue and affix the base relative to

the valve annulus. Connectors 182 may slidingly couple valve body 122 to base 202. The

exemplary arcuate base structure can be compressed within a lumen of a delivery catheter as

shown in Fig. 4E, with the arcuate base preferably extending axially of at least a portion of

the valve body. As with the other embodiments described herein, a hub may optionally

couple valve body 122 with anchor 108 (in some embodiments via a tether 192 or spring, in

other embodiments with the hub affixing the anchor relative to the adjacent valve body

before, during, and/or after deployment). When the ventricular anchor comprises a helix, the

anchor may be rotatable with respect to the valve body, with the hub allowing relative

rotation between the anchor and valve body during deployment. The hub may comprise a

suture or ePTFE tube.

[0086] The coaptation assistance devices described herein are often configured for

transvascular delivery and/or deployment via minimally invasive surgery (e.g. thoracotomy,

transapical, via the left atrial appendage (LAA), or the like), with delivery and placement

preferably being in between or adjacent to the cardiac valve's native leaflets. In particular, the

valve can be one of the AV valves such as the tricuspid valve and/or the mitral valve. The

drawings and exemplary embodiments largely relate to the mitral valve, but analogous

methods and devices can be applied to the tricuspid valve. The coaptation assistance body of

the implant can often be delivered by a delivery catheter and may be capable of expanding

from a smaller profile to a larger profile to dimensions appropriate for placement in between

the valve's native leaflets. In some embodiments, the implants may also find applications for

treatment of non-native valve leaflets (for example, after valve replacement) or for treatment

after the native leaflets have previously been surgically modified.



[0087] The leaflet-apposing valve body element may comprise self expandable materials

such as medical grade polyurethane foam and may be covered with a material such as ePTFE.

The valve body may optionally include or be affixed to (or otherwise mountable on) a self

expandable frame, with the frame optionally comprising a plurality of members including

resiliency (including super-elastically) deformable materials such as a Nitinol alloy. Other

frame materials may include stainless steel, plastics, etc. Other materials for the covering

include polyurethanes, biologic tissue such as porcine pericardium, silicone, etc. In other

embodiments, the leaflet-apposing valve body element may comprise a self-expandable

structure such as a Nitinol alloy frame and covered with biocompatible material such as

ePTFE. In yet other embodiments the leaflet-apposing element and/or the support interfaces

may comprise a braided structure appropriately shaped and covered with ePTFE to fill the

gap between the incompetent (mal-coapting) leaflets.

[0088] The entire implant and/or valve body, or portions thereof, may incorporate a radio-

opaque material or an echo-enhancement material for better visualization. The leaflet-

apposing valve body element may have a symmetrical or asymmetrical cross section to create

an optimal coaptation surface, with the cross-section preferably corresponding to (and/or

depending on) the anatomy of the leaflets and their mal-coaptation. The leaflet apposing

valve body element may include a curve biased toward a prolapsing leaflet to provide

structural support for the prolapsing leaflet and inhibit prolapsing of the leaflet so as to

mitigate mal-coaptation. The leaflet apposing valve body element may be printed with a

radio-opaque material such as radio-opaque ink. Any support structures of the valve body or

support interface having a frame may be coated with radio-opaque materials such as gold or

platinum or impregnated with barium. The leaflet apposing valve body element may be

coated with an echo enhancement material.

[0089] The coaptation assistance device or implant may include one or a plurality of atrial

anchors to stabilize the device and/or a ventricular anchor, with the anchors optionally

providing redundant fixation. The atrial anchor or anchors may attach to or adjacent the

annulus. The annular anchor, if it is included, may be covered with biocompatible materials

such as ePTFE to promote endothelialization and, optionally, chronic tissue in-growth or

encapsulation of the annular anchor for additional stability. Furthermore the annular anchor

may include a plurality of barbs for acute fixation to the surrounding tissue. In other

embodiments, the atrial anchors may comprise a plurality of helixes, clips, harpoon or barb-

shaped anchors, or the like, appropriate for screwing or engaging into the annulus of the

mitral valve, tissues of the ventricle, and/or other tissues of the atrium, or the atrial or



ventricular anchors may attach to the tissue by welding using RF energy delivered via the

elongate anchor coupling body 110. The ventricular anchor may comprise a helix rotatable

with respect to the leaflet apposing element and connected to the hub of the leaflet apposing

element by a suture or ePTFE tube. In some embodiments, a ventricular anchor may be

included in the form of a tether or other attachment means extending from the valve body

thru the ventricle septum to the right ventricle, or thru the apex into the epicardium or

pericardium, which may be secured from outside the heart in and combined endo/epi

procedure. When helical anchors are used, they may comprise bio-inert materials such as

Platinum/Ir, a Nitinol alloy, and/or stainless steel. As noted above, in some embodiments, an

atrial anchor in the form of an expandable structure for placement in the left atrial appendage

may be included. In still further embodiments, an atrial anchor and support interface may be

included in the form of a flexible line or tether attached to an atrial septal anchor. The atrial

septal anchor may be configured like a transseptal closure device, optionally using structures

that are well known. Any left atrial appendage anchor or atrial septal anchor may be covered

with a biocompatible material such as ePTFE, silicone, Dacron, or biologic tissue, or fixed in

place using RF welding. A left atrial appendage anchor or atrial septal anchor may be

connected to the leaflet apposing valve body element with suture, or ePTFE tube, or may

comprise a pre-shaped and rigid or resilient material such as a Nitinol alloy.

[0090] The delivery system may include a delivery catheter, with exemplary delivery

catheters comprising a variable stiffness shaft with at least one through lumen, the shaft

configured for deflecting along at least a distal section. The delivery catheter may further

include a control handle to manipulate the device anchors and to manipulate the docking and

undocking of the device with the delivery catheter. The control handle may further include

flush, irrigation and aspiration ports to remove the air from the system and allow injection of

fluids such as saline or contrast media to the site of implantation. The delivery system may

also include at least one torque shaft or other elongate anchor coupling body for manipulating

the device anchors, initially deploying and recapturing of the anchors to and from the

delivery catheter, and guiding the valve body distally to one or more of the initially deployed

anchors.

[0091] The delivery system may also include an outer sheath or introducer, typically to

allow the introduction of the delivery catheter through a lumen of the outer sheath and into

the left atrium, so that the outer sheath functions as a transseptal sheath. The transseptal

sheath may include a variable stiffness outer shaft with at least one lumen, the lumen sized to

allow insertion of the delivery catheter and/or coaptation assistance body through the sheath



lumen. A deflectable distal section of the transseptal sheath may facilitate alignment of the

coaptation assistance device with the valve leaflets.

[0092] A conductive surface of the catheter system and/or implant may be coupled by a

conductor to a proximal end of the delivery system so as to allow the conductive surface to

act as an electrode, for example, to help to detect the location and/or deployment

characteristics of an implant. The transseptal catheter and/or delivery catheter may include at

least one electrode at the distal tip configured to be connected to an intracardiac electrogram

sensing and/or recording system. In some embodiments, an electrogram may be sensed from

the anchor 108, providing an electrogram signal that can be transmitted along the elongate

anchor coupling body 110. Anchor coupling body 110 can be coupled with an appropriate

electrogram recording system. Unipolar electrogram signals sensed at the electrode on the

distal end or the delivery catheter, a unipolar electrogram sensed at the anchor 08, and/or a

bipolar electrogram recorded between the delivery catheter electrode and the anchor, can be

used to evaluate candidate locations for deployment of the anchor or other implant

components. In particular the annulus of the valve may be detected by an appropriate ratio of

atrial electrogram signals to ventricular electrogram signals at a candidate location. Once a

signal ratio in a desired range has been identified (for example, with a ratio of about 1:2), the

information from the signal may be combined with imaging information showing that the

candidate location is near a commissure of the annulus, and in response, the candidate sight

may be selected as an anchoring site for an associated atrial anchor.

[0093] Referring now to Figs 5A-5L, exemplary method steps which may be included in

embodiments of methods for treatment of mitral valve regurgitation associated with mal-

coaptation can be understood. Note that related method steps may also be used for other

indications and/or for therapies of other valves. Prior to treatment (and optionally again

during and/or after treatment), surgical staff may evaluate the anatomy of the heart and/or the

components thereof (including the mitral valve), and may chose an appropriate configured

implant. The evaluation can include x-ray, CT, MRI, and 2d or 3d echocardiography, and the

like.

[0094] Referring first to Fig. 5A, a transseptal method for treatment of MR will often

include gaining access to the left atrium LA via a transseptal sheath 300. Access to the

femoral vein may be obtained using the Seldinger technique. From the femoral vein, access

can then be obtained via the right atrium to the left atrium by a transseptal procedure. A

variety of conventional transseptal access techniques and structures may be employed, so that

the various imaging, guidewire advancement, septal penetration, and contrast injection or



other positioning verification steps need not be detailed herein. Exemplary steerable

transseptal sheath 300 has an elongate outer sheath body 302 extending between a proximal

handle 304 to a distal end 306, with the handle having an actuator for steering a distal

segment of the sheath body similar to that described above regarding deployment catheter

100. A distal electrode and/or marker near the distal end 306 of sheath body 302 can help

position the sheath within the left atrium. In some embodiments, an appropriately sized

deflectable transseptal sheath without steering capability 310 may be guided into position in

the left atrium by transseptal sheath 300 (see Fig 5B) or may be advanced into the left atrium

without use of a steerable transseptal sheath. Alternatively, deployment may proceed through

a lumen of the steerable sheath 300. Regardless, an outer access sheath will preferably be

positioned so as to provide access to the left atrium LA via a sheath lumen.

[0095] Referring now to Fig. 5B, deployment catheter 100 is advanced through the outer

transseptal sheath and into the left atrium. The distal end of the deployment catheter moves

within the left atrium by manipulating the proximal handle and by articulating the actuator of

the handle so as to selectively bend the distal end of the catheter body, bringing the distal end

of the catheter into alignment and/or engagement with candidate locations for deployment of

an anchor, optionally under guidance of 2D or 3D intracardiac, transthoracic, and/or

transesophageal ultrasound imaging, Doppler flow characteristics, fluoroscopic or X-ray

imaging, or another imaging modality. Electrode 116 at the distal end of deployment catheter

100 optionally senses electrogram signals and transmits them to an electrogram system EG

so as to help determine if the candidate site is suitable, such as by determining that the

electrogram signals include a mix of atrial and ventricular components within a desired range

(such as within an acceptable threshold of 1:2). Contrast agent or saline may be introduced

through the deployment catheter. Before, during, and/or after the deployment catheter is

being positioned in engagement with and/or oriented toward an acceptable target location, an

anchor 108 is advanced distally through a lumen of the deployment catheter, so that the

advanced anchor extends from the positioned catheter and into engagement with tissue of the

heart at the target location, with advancement of the anchor preferably being performed using

an elongate anchor coupling body 0 and an anchor catheter 404 of anchor deployment

assembly 402. An electrogram may be recorded from the anchor 8 via the elongate anchor

coupling body 10 to further assist in identifying an acceptable target location.

[0096] As can be understood with reference to Figs. 5B, 5C, and 313-315 a first atrial

anchor 108 is preferably deployed into the mitral valve annulus by axially advancing the

anchor and rotating the helical anchor body through the positioned deployment catheter,



screwing the helical body penetratingly into the heart tissue using elongate anchor coupling

body 10 and anchor catheter 404. Deployment catheter 100 and anchor catheter 404 can

then be retracted proximally from deployed anchor 108, leaving the anchor affixed to the

tissue and associated elongate anchor coupling body 110 extending proximally from the

anchor and out of the body. Note that anchor 108 may remain only initially deployed at this

stage, as it can be recaptured, removed, and/or repositioned by torquing the elongate anchor

coupling body so as to unscrew the helical anchor body. As can be understood with reference

to Figs. 5B and 5C, deployment catheter 100 can be removed from the outer transseptal

sheath 310 leaving elongate anchor coupling body 110 in place (with the deployment catheter

also being withdrawn proximally from over the elongate anchor coupling body so that the

anchor coupling body is no longer within the deployment catheter lumen, but remains within

the outer transseptal sheath lumen). As seen in Fig. 5E, the deployment catheter 110 can then

be re-inserted distally through the outer sheath lumen (alongside the elongate anchor coupling

body of the deployed anchor) and into the left atrium.

[0097] Referring now to Figs. 5E and 5F, deployment catheter 100 may be manipulated

and/or steered so as to engage the tip of the catheter with (and/or orient the tip toward) a

second target location. In the exemplary embodiment, the first and second target locations

are near the two opposed commissures of the mitral valve. Sensing of electrical signals,

remote imaging, tactile indications of tissue structures, and the like can be used for

positioning, as generally described above. Once deployment catheter 100 appears to be in

place, a second anchor 108' is deployed using a second elongate anchor body 110' and

associated anchor catheter. As can be understood with reference to Figs. 5F and 5G,

deployment catheter 100 can be withdrawn proximally over second elongate anchor body

10' and out of outer sheath 310, leaving both anchors 108, 108' deployed and both

associated elongate anchor deployment bodies 110, 110' extending from the deployed

anchors through the outer sheath so that their proximal ends are outside the body of the

patient. Advantageously, anchors 108, 108' can be used as measurement fiducials to

facilitate measurement of the valve, valve and/or anchor movement, anchor positioning

relative to the valves, and the like using measurement capabilities of a remote imaging

system 320. Elongate anchor deployment bodies 110, 110' can also be used to verify anchor

deployment and/or to verify anchor sites on the valve annulus by pulling proximally on the

deployment bodies, measuring a electrogram signal from an anchor electrode, and/or the

like. If desired, one or both atrial anchors can be re-deployed as described above.

n



[0098] Referring now to Figs. 5H and 51, a guidewire 330 is advanced through transseptal

sheath 310 into the left atrium. Guidewire 330 crosses the mitral valve and is advanced

distally into the left ventricle, as shown in Fig. 51. Valve body 122 is loaded on guidewire

330, in the exemplary embodiment by passing the guidewire through a helical lumen of

helical ventricle anchor 108". Valve body 122 is also loaded onto elongate anchor

deployment bodies 110 110' by passing each of the bodies through an associated one of loops

or apertures 142, 142' of atrial member 140, so that an orientation of any nominal curvature

of valve body 122 corresponds to the curved line defined by a cross-section of the coaptation

zone of the mitral valve. Valve body 122 can be inserted into transseptal sheath 310 and

advanced into the left atrium. In the exemplary embodiments, valve body 122 is advanced

distally by passing elongate guide bodies 110, 110' and guidewire 330 proximally through

the lumen of anchor deployment catheter 100 or a separate valve body deployment catheter

340. Valve body deployment catheter 340 is described above with reference to catheter 120

of Figs. 3C and 3D. Ventricle anchor 108" engages a distal surface at the distal end of

deployment catheter 340 so as to allow the deployment catheter to push the ventricle anchor

108" and attached valve body 1 2 distally into and along the lumen of outer sheath 310, as

can be understood with reference to Figs. 5 1 and 5J. Loops or apertures 142, 142' slide

distally along the elongate anchor deployment bodies 110, 110' as the valve body advances.

[0099] As can be understood with reference to Figs. 5J and 5 , deployment catheter 340 is

manipulated and/or articulated so as to advance valve body 122 distally out of septal sheath

310 and within the left atrium as so that ventricular anchor 108" and distal portion of valve

body 122 cross the mitral valve. Catheter 340, guidewire 330, anchor deployment shaft 458

or another torque-transmission shaft may rotationally engage ventricular anchor 108", and a

hub between the ventricular anchor and valve body 122 may allow relative rotation about the

helical axis as described above. Tension applied by pulling the proximal ends of elongate

anchor deployment bodies 110 while advancing deployment catheter 340 brings the anchors

into engagement with the remaining components of the structural interface between valve

body and the tissues (such as loops or apertures 142 and atrial member 140). The positions of

anchors 108, 108' help orient valve body 122 within the valve so that edges 138 are each

oriented toward an associated commissure, and so that the leaflets each coapt with an

associated major surface 156, 158 of the valve body. A desired amount of axial tension can

be applied to valve body 122 by applying a distal load on deployment catheter 340, and the

deployment catheter can be manipulated and/or articulated into engagement with a candidate

location of the ventricle, optionally between the papillary muscles. The candidate location



can be verified as generally described above, and catheter 340 or another torque-transmitting

anchor driving shaft can be rotated while maintaining the distal end of ventricle anchor 108"

in contact with the target location so that the helical anchor body penetrates into tissue of the

ventricle, thereby deploying the valve body. In alternative embodiments, an atraumatic

ventricular anchor 460 can be deployed by advancing the anchor and/or withdrawing a

surrounding sheath from over the anchor) so that the arms of anchor engage with the highly

uneven surface of the ventricular trabeculae, and so that the arms of the anchor are entangled

therein sufficiently to restrain the position of the anchor within the ventricle. Note that

embodiments of such an anchor need not be configured to penetrate significantly into the

ventricular wall (although alternative barbed anchor embodiments can).

[0100] Advantageously, hemodynamic performance of the valve with the valve body

therein can be evaluated before decoupling one or more of the anchors from the delivery

catheter system (and in some embodiments, even before the ventricle anchor is deployed in

ventricle tissue). If results are less than desired, one or more of the anchors can be detached

from the tissue and retracted back into the transseptal sheath 310, allowing the physician to

reposition the anchor and coaptation assistance body. The valve body can be withdrawn

proximally via sheath 310 and an alternative valve body selected, loaded into the sheath, and

deployed if appropriate. One or more of the atrial and/or ventricular anchors can be

redeployed and the surgical staff can again perform a hemodynamic evaluation. In some

embodiments, one or more of guidewire 330 and/or elongate anchor deployment bodies 110,

110' may remain coupled to an associated anchor for hours or even days. Once the implant is

in the desired deployed configuration, the device may be locked to the elongate anchor

deployment bodies or tethers using crimps, or knots, etc., and the excess lengths of these

bodies may be cut and removed from the implant. In the exemplary embodiments, crimps

432 can be advanced distally using one or more crimping and cutting assembly 420 or 420'

so as to affix the valve body to the deployed atrial anchors, and elongate bodies 110 can be

decoupled from the anchors, as can be understood with reference to Figs. 5K, 5L, and 317-

3113. If the deployment is deemed acceptable, after deploying the ventricular anchor and

after the implant is released from the catheter system, the surgical staff can remove the

remaining catheter system components and elongate anchor deployment bodies.

[0101] A full hemodynamic evaluation - e.g. intra cardiac echocardiogram (ICE), trans

esophageal echocardiogram (TEE) or transthoracic echocardiogram (TTE) may be performed

on the patient after deployment is complete.



[0102] Referring now to Figs. 6A-7B, a variety of alternative support structures might be

employed so as to help maintain a position and/or orientation of valve body 122, with or

without anchors 108 or 260. For example, implant embodiments similar to that described

above regarding Fig. 4B may include an atrial support tether 196 configured to help axially

support valve body 122, with the tether optionally being affixed to tissue of the left atrial

appendage LAA using an expandable left atrial appendage anchor 198, as seen in Fig. 6A.

Leaflet prolapse or other forms of mal-coaptation 502 of the mitral valve MV may be

mitigated by supporting valve body between the leaflets, optionally using a ventricular tether

504 anchored near a ventricular apex of left ventricle LV and/or an arcuate support structure

506 disposed along the annulus of the valve , as can be understood with reference to Figs.

6B-7B. Prior to deployment of the implant, mal-coaptation leads to mitral regurgitation

during ventricular systole, but does not significantly impede free flow of blood from the

atrium into the ventricle during diastole, particularly when the cross-section of the implant

remains substantially aligned along the flow of blood. As can be understood by comparing

Figs. 6C and 7A, the shape of the ventricle and/or annulus may change significantly during

each heart cycle, so that arcuate anchor 506 and ventricular tether 504 may flex significantly

during each heart beat. Implant life can be impacted by such flexing, which should be

considered when selecting an appropriate anchor system. As can be understood with

reference to Figs. 6B and 7B first and second coaptation zones 510, 512 between each leaflet

of the valve and valve body 122 may be slightly (or even significantly) axially offset from

each other, particularly when the implant is used to treat mal-coaptation related to prolapse of

one leaflet.

[0103] Additional aspects of the present invention can be understood with reference to

Figs. 8A-8F. Fig. 8A shows a prototype triangular valve body formed from a uniform sheet

of ePTFE, along with atrial and ventricular anchors. Sliding engagement between the valve

body and an atrial member, and between loops or apertures of the atrial member and elongate

deployment bodies of the atrial anchors can be seen in Figs. 8B and 8F. Passing of a

ventricular guidewire through a helical lumen of the helical anchor is shown in Fig. 8C, and

the anchors and some of the deployment system components which interact therewith can be

seen in Fig. 8D. Fig. 8E shows an expanded configuration of the valve body and the anchor

deployment structures as the valve body is advanced out of a transseptal sheath.

[0104] Still further aspects of the present invention can be understood with reference to

Figs. 9-13. The embodiments of Figs. 9-13 may provide additional adjustability of the valve

body, so that the valve body can be adapted to a patient's particular physiology, and may



provide additional improvement in the treatment of mal-coaptation. Fig. 9 shows a

coaptation device 900 in accordance with embodiments. Coaptation device 900 is

introducible into the heart and coupleable in vivo within the heart valve to be treated, in a

manner similar to that described above. Coaptation device 900 includes a coaptation assist

body 901, which further includes a first major coaptation surface 902, and a second major

coaptation surface not visible in Fig. 9. Coaptation assist body 901 has an axis, for example a

longitudinal axis generally running from an upstream end 903 to a downstream end of

coaptation assist body 901 . Other axes may be defined, for example a transverse axis.

Example coaptation assist body 901 also defines an axial channel 904, and a tether 905 is

disposed within channel 904. Tether 905 may be a wire or suture, or may be made of another

suitable material, and is preferably coupled to coaptation assist body 901 at downstream end

903.

[0105] As is visible Figs. 10A and 10B, channel 904 and tether 905 are preferably

positioned asymmetrically or eccentrically within coaptation assist body 901, that is, not

coincident with the neutral bending axis of coaptation assist body 901, such that as the length

of tether 905 within coaptation assist body 901 is varied, the curvature of coaptation assist

body 901 changes. For example, Fig. 10A shows coaptation assist body 901 in a relaxed

position, and Fig. 10B shows coaptation assist body 901 is a more curved position. A

curvature lock 1001 is disposed at the one end (in this case upstream end 902) of coaptation

assist body 901 . In the example shown, curvature lock 1001 is a crimp that can be crimped

onto tether 905, to lock tether 905 such that the distance between ends 902 and 903 of

coaptation assist body 901 is constrained, to define a curvature of coaptation assist body 901.

Once curvature lock 1001 is engaged and tether 905 is locked, tether 905 may be cut and the

unused portion removed, as shown in Fig. 11.

[0106] Referring again to Fig. 9, coaptation assist device 900 may include various anchors

for anchoring coaptation assist device 900 within the heart valve. A central atrial anchor 906

may be deployable to anchor coaptation assist body 901 near upstream end 902, for example

to the annulus of the heart valve in the atrium of the heart. One or more lateral atrial anchors

907a, 907b may be affixed near the lateral edges of upstream end 902 of coaptation assist

body 901 , and may be deployable to fix upstream end 902 to the heart near respective

commissures of the heart valve. A ventricular anchor 908 may be affixed near downstream

end 903, and may be deployable to fix downstream end 903 to ventricular tissue of the heart.

[0107] An effect of the adjustment of the curvature of coaptation assist body 901 is shown

in Figs. 12A and 12B. In Fig. 12A, insufficient curvature has been introduced, and an



opening 1201 exists between coaptation assist body 901 and valve leaflet 1202, such that

valve regurgitation may still occur. In Fig. 12B, more curvature has been introduced such

that valve leaflet 1202 contacts coaptation assist body 901 at location 1203, and may reduce

or prevent valve regurgitation. In Figs. 12A and 12B, coaptation assist body 901 is shown in

the process of being fixed within the heart valve via a catheter 1204 extending thought the

fossa ovalis 1205.

[0108] Fig. 13 shows the system after installation within the heart valve, once curvature

lock 1001 has been crimped onto tether 905 and the unused portion of tether 905 has been

removed. Anchors 906 and 908 are also visible in Figure 13, anchoring coaptation assist

body 901 within the heart valve.

[0109] In other embodiments, a system and method are provided for treating mal-

coaptation of a heart valve in a patient. The system may include a coaptation assist device

such as or similar to coaptation assist device 900, in conjunction with a catheter system

through which the coaptation assist device may be deployed within the heart valve.

[0110] In an exemplary method of treating mal-coaptation of a heart valve in a patient, an

implant, for example coaptation assist device 900, is introduced into the heart valve. The

introduction may be through a catheter system as described above. For example, the catheter

system may include a guide catheter or sheath such as sheath 301, and one or more delivery

catheters for delivering the coaptation assist body, anchors, and other items into the heart. In

one application, a coaptation assist body such as coaptation assist body 901 is positioned in

the coaptation zone between the anterior and posterior leaflets of the mitral valve. The

coaptation assist body may be introduced in a first configuration and deployed in a second

configuration. For example, the coaptation assist body may be furled for travel through the

catheter system, and unfurled for deployment within the heart valve. The method may

include anchoring an upstream end of the coaptation assist body to the annulus of the heart

valve, and may also include anchoring the downstream end of the coaptation assist body to

ventricular tissue of the heart.

[0111] Once the coaptation assist body is disposed within the heart valve, its curvature may

be adjusted. For example, once the atrial and ventricular anchors are in place, a crimp

delivery catheter may be advanced into the heart and a tether such as tether 905 may be

tensioned to cause the curvature of the coaptation assist body to change by changing the

distance between the upstream and downstream ends of the coaptation assist body. Once the

desired curvature is set, a lock such as crimp 1001 may be engaged to constrain the distance



between the upstream and downstream ends of the coaptation assist body. When the

installation is complete, the excess tether may then be cut away, and the catheter system

removed. The crimping and cutting may be accomplished in a manner similar to that

discussed above and illustrated in Figs. 316-319.

[0112] Preferably, the surgeon implanting the device is provided with sensory information

about the beating heart during at least part of the installation of the coaptation assist device.

For example, an echocardiogram may provide feedback as to the amount of valve

regurgitation that is occurring, so that the surgeon can select the optimum amount of

curvature of the coaptation assist body to mitigate, minimize, or eliminate the regurgitation.

[0113] While exemplary embodiments have been described in some detail for clarity of

understanding, a variety of adaptations and modification will be clear to those of skill in the

art. For example, access to the left atrium can be provided at least in part via a minimally

invasive entry in the left atrial appendage or thru the left ventricular apex. Additionally, as

the devices and methods described herein may be faster, less skill dependent, and/or suitable

for sicker patients than alternative valve treatments (that often involve larger access systems

or are otherwise more traumatic), and as the implants described herein may be temporarily

deployed, these techniques may be used as a short or intermediate -term therapy, giving

patients time and allowing recovery so as to be better able to tolerate an altemative treatment.

These techniques may also be suitable for re-treatment of patients that have previously had

valve therapies. These techniques may also be appropriate for placement in positions at the

mitral valve in a patient undergoing coronary artery bypass grafting. Hence, the scope of the

present invention is limited solely by the following claims.



WHAT IS CLAIMED IS:

1. A method for treating al-coaptation of a heart valve in a patient, the

heart valve having an annulus and first and second leaflets, the annulus defining a valve axis

extending along a blood flow path, the first and second leaflets having a coaptation zone

defining a curve extending across the flow path, the method comprising:

introducing an implant into the heart while the implant is in a first

configuration;

deploying the implant from the first configuration to a second configuration

within the heart, the implant in the second configuration having a coaptation assist body with

first and second opposed coaptation surfaces; and

supporting the deployed implant so that the coaptation assist body is offset

from the axis of the heart valve along the coaptation zone.

2 . The method of claim 1, further comprising coapting the first leaflet of

the heart valve against the first coaptation surface and the second leaflet of the heart valve

against the second coaptation surface such that the mal-coaptation of the heart valve is

mitigated.

3. The method of claim 1, wherein supporting the deployed implant

further comprises supporting the deployed implant in a position in which the first coaptation

surface is in position to coapt with the first leaflet of the heart valve and the second

coaptation surface is in position to coapt with the second leaflet of the heart valve, such that

the mal-coaptation of the heart valve is mitigated.

4 . The method of claim 1, wherein the coaptation assist body of the

supported implant defines a curve extending across the blood flow path of the valve, the

curve of the coaptation assist body corresponding to the curve of the coaptation zone.

5. The method of claim 4, wherein the implant is deployed and supported

within the heart so that along the coaptation zone the first surface has a curved cross-section

and the second surface has a curved cross-section, and so that the coaptation assist body,

including the curved cross-sections of the first and second surfaces, is separated from a the

axis of the heart valve.



6. The method of claim 4, further comprising engaging the implant with

the heart valve so that the curve of the coaptation assist body conforms to the curve defined

by the coaptation zone of the heart valve.

7. The method of claim 6, the coaptation zone of the heart valve

comprising a pre-treatment coaptation zone and the curve of the coaptation zone comprising a

pre-treatment curve, wherein engagement of the heart valve against the implant laterally

bends the coaptation assist body from a nominal cross-sectional shape toward the pre-

treatment curve.

8. The method of claim 7, wherein the first leaflet coapts with the first

coaptation surface along a first axial coaptation range, wherein the second leaflet coapts with

the second coaptation surface along a second axial coaptation range, and wherein the

coaptation assist body has sufficient axial stiffness to inhibit axial flexing when the first and

second axial coaptation ranges are offset such that regurgitation is inhibited.

9 . The method of claim 8, wherein the axial stiffness of the coaptation

assist body is greater than a lateral stiffness of the coaptation assist body such that

engagement of the leaflets of the valve against the coaptation assist body laterally bends the

coaptation assist body while limiting axial bending of the coaptation assist body.

10. The method of claim 4, wherein the implant is deployed and supported

within the heart so that downstream of the coaptation zone the coaptation assist body defines

a downstream curve, the downstream curve having a radius smaller than the curve of the

coaptation assist body along the coaptation zone so that the coaptation assist body has a

funnel-like shape.

11. The method of claim 4, the heart valve having a first commissure at a

first junction of the first and second leaflets and a second commissure at a second junction of

the first and second leaflets, and wherein the coaptation assist body has a first lateral width

adjacent the annulus and sealingly engages against the valve at the first commissure and at

the second commissure.

12. The method of claim 11, wherein the coaptation assist body of the

supported implant extends downstream beyond the coaptation zone, and wherein the

coaptation assist body tapers axially inwardly downstream of the coaptation zone so that a

downstream width of the coaptation assist body is less than the first width, and wherein the



downstream width is rigidly or resiliently supported by a third anchor deployed in the

ventricle of the heart.

13. The method of claim 4, the heart valve having a first commissure at a

first junction of the first and second leaflets and a second commissure at a second junction of

the first and second leaflets, wherein the supporting of the deployed implant comprises

supporting a first lateral edge of the coaptation assist body with a first support interface

adjacent the first commissure and supporting a second lateral edge of the coaptation assist

body with a second support interface adjacent the second commissure, each support interface

transmitting loads between the coaptation assist body and tissue of the heart so as to maintain

a desired position of the implant when the annulus of the heart changes in diameter by more

than 10% with each beat of the heart.

14. The method of claim 1 , wherein at least one of the support interfaces

comprises a tissue penetrating body, and further comprising advancing the tissue penetrating

body from within a chamber of the heart into a tissue of the heart.

15. The method of claim 14, wherein the tissue penetrating body

comprises a helical body having a helical axis, and wherein advancing of the helical body

into the tissue of the heart is performed by rotating the helical body about the helical axis so

as to screw the helical body into a tissue of the heart adjacent the annulus.

16. The method of claim 13, wherein deploying the implant comprises

deploying an annular support structure adjacent the annulus, wherein at least one of the

support interfaces comprises a sliding interface between the annular support structure and the

coaptation assist body.

17. The method of claim 4, wherein an apical end of the coaptation assist

body extends axially from adjacent the annulus toward a ventricular apex of the heart, and

wherein supporting the deployed implant comprises supporting the apical end of the

coaptation assist body relative to a ventricular tissue of the heart with a ventricular support

interface.

18. The method of claim 1 , wherein the apical end of the coaptation assist

body is affixed to a tissue-engaging surface of the ventricular support interface.

19. The method of claim 1 , wherein a spring resiliently supports the

apical end of the coaptation assist body relative to a tissue engaging surface of the ventricular



support interface so as to support the implant throughout changes in axial length of the

ventricle during beating of the heart.

20. The method of claim 1, wherein implant is deployed so that the

coaptation assist body has an axial length, a thickness between the coaptation surfaces, and a

commissure-to-commissure width, the thickness being less than 15% of the width.

21. The method of claim 1, wherein implant is deployed so that the

coaptation assist body has an axial length, a thickness between the coaptation surfaces, and a

commissure-to-commissure width, the length being at least 75% of the width.

22. The method of claim , wherein deploying the coaptation assist body

comprises removing the coaptation assist body from within a surrounding deployment

catheter and laterally expanding the coaptation assist body from an insertion profile to a

deployed profile.

23. The method of claim 22, wherein laterally expanding the coaptation

assist body comprises laterally unrolling the coaptation assist body.

24. The method of claim 22, wherein the coaptation assist body has an

insertion volume within the deployment catheter and a deployed volume greater than the

insertion volume, and further comprising volumetrically expanding the coaptation assist body

within the heart so as to increase a thickness of the coaptation assist device between the first

and second coaptation surfaces.

25. The method of claim 24, wherein the coaptation assist body comprises

a permeable material, and wherein volumetrically expanding the coaptation assist body is

performed without inflating the coaptation assist body using inflation fluid introduced from

outside a vascular system of the patient.

26. The method of claim 22, wherein the coaptation assist body has an

insertion volume within the deployment catheter, and wherein the implant is deployed so as

to inhibit mal-coaptation without volumetrically expanding the coaptation assist body from

the insertion volume.

27. The method of claim 1, the mal-coaptation of the valve varying along

the curve, further comprising characterizing the variation in mal-coaptation along the curve,

wherein a thickness of the deployed coaptation assist body between the first coaptation



surface and the second coaptation surface varies along the curve in response to the

characterization of the variation in mal-coaptation.

28. A method for treating mal-coaptation of a heart valve in a patient, the

heart valve having first and second leaflets with a first commissure at a first junction of the

first and second leaflets and a second commissure at a second junction of the first and second

leaflets, the method comprising:

selectively deploying a first anchor at a first target location near the first

commissure;

selectively deploying a second anchor at a second target location near the

second commissure;

introducing a coaptation assist body into the heart, the coaptation assist body

having first and second opposed coaptation surfaces; and

supporting the coaptation assist body with the first anchor so that a first lateral

edge of the coaptation body extends toward the first commissure, and supporting the

coaptation assist body with the second anchor so that a second lateral edge of the coaptation

assist body extends toward the second commissure.

29. The method of claim 28, further comprising coapting the first leaflet of

the heart valve against the first coaptation surface and the second leaflet of the heart valve

against the second coaptation surface such that the mal-coaptation of the heart valve is

mitigated.

30. The method of claim 28, supporting the deployed implant further

comprises supporting the deployed implant in a position in which the first coaptation surface

is in position to coapt with the first leaflet of the heart valve and the second coaptation

surface is in position to coapt with the second leaflet of the heart valve, such that the mal-

coaptation of the heart valve is mitigated.

31. The method of claim 28, wherein selectively deploying the first and

second anchors comprises directing the first anchor toward the first target location and

directing the second anchor, independently of the directing of the first anchor, toward the

second target location.

32. The method of claim 28, wherein the directing of the first anchor is

performed by steering a steerable catheter body from outside the patient, and wherein the

directing of the second anchor is performed by steering the steerable catheter body.



33. The method of claim 32, further comprising sensing an electrogram at

candidate target locations with a sensor supported by the steerable body, and selecting the

first target location in response to the electrograms of the candidate target location.

34. The method of claim 28, wherein selectively deploying the first and

second anchors comprises directing the first anchor toward the first target location prior to

deploying the second anchor, and directing the second anchor toward the second target

location after the first anchor is at least initially deployed.

35. The method of claim 28, further comprising:

initially deploying the first anchor,

determining the initially deployed first anchor is not satisfactory and

disengaging the initially deployed first anchor from tissue of the heart,

aligning the disengaged first anchor with the first target location; and

verifying that the first anchor deployment at the first target location is

acceptable, wherein the initial deployment, moving, and verifying are performed without

disengaging the second anchor from the second target location.

36. The method of claim 34, further comprising selecting the coaptation

assist body from among a plurality of alternatively selectable coaptation assist bodies for

implantation with the anchors into the patient, the alternative bodies having differing

geometries suitable for mitigating mal-coaptation of differing patients.

37. The method of claim 38, wherein the coaptation assist body is selected

after the first and second anchors are at least initially deployed and in response to a

characteristic of the deployed first and second anchors.

38. The method of claim 28, wherein the coaptation assist body is

supportingly coupled in vivo with the first anchor after the first anchor is initially deployed.

39. The method of claim 28, the heart valve having an annulus defining an

axis extending along a blood flow path, the method further comprising selectively deploying

a third anchor at a third target location axially offset from the first and second target

locations.

40. The method of claim 39, wherein the third target location is disposed

within a region of a ventricle of the heart between papillary muscles of the ventricle.



4 1. The method of claim 39, further comprising advancing the third

anchor, with the coaptation assist body affixed thereto, toward the third target location after

the first and second anchors are deployed.

42. The method of claim 39, further comprising supporting the coaptation

assist body with the third anchor while the third anchor is rigidly affixed to an apical portion

of the coaptation assist body, and further comprising accommodating relative movement

between the anchors during beating of the heart with deformation of the coaptation assist

body.

43. The method of claim 39, further comprising supporting the coaptation

assist body with the third anchor via an axially resilient spring coupling the third anchor to an

apical portion of the coaptation assist body, and further comprising accommodating relative

movement between the anchors during beating of the heart with deformation of the spring.

44. The method of claim 39, further comprising supporting the coaptation

assist body with the third anchor via a tether coupling the third anchor to an apical portion of

the coaptation assist body, and further comprising accommodating relative movement

between the anchors during beating of the heart with resilient deformation of the coaptation

assist body between the tether and the first and second anchors.

45. The method of claim 39, further comprising determining an

effectiveness of the implant at mitigating the mal-coaptation while a delivery catheter is

coupled to at least one of the anchors, and moving the at least one anchor or replacing the

coaptation assist body while leaving at least another of the anchors deployed.

46. The method of claim 28, wherein the first anchor comprises a tissue

penetrating helical body having a helical axis and deploying the first anchors comprises

rotating the helical body about the helical axis so that helical body penetrates the first target

location from within the heart.

47. The method of claim 28, wherein deploying the first anchor comprises

suturing to heart tissue within the heart.

48. The method of claim 28, wherein the supporting the deployed implant

comprises transmitting loads between the coaptation assist body and tissue of the heart when

the annulus of the heart valve changes in diameter by more than 10% with each beat of the



heart, and wherein the first and second anchors are circumferentially separated around the

annulus and each support the deployed implant sufficiently independently of the other to

inhibit subjecting any anchor-anchor interconnecting structure to fatigue-related failure

during long-term implantation.

49. An implant for treating mal-coaptation of a heart valve in a patient, the

heart valve having an annulus and first and second leaflets with a first commissure at a first

junction of the first and second leaflets and a second commissure at a second junction of the

first and second leaflets, the implant comprising:

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body;

a first anchor selectively deployable at a first target location of the heart near

the first commissure and coupleable to the coaptation assist body so that the first lateral edge

is oriented toward the first commissure;

a second anchor selectively deployable, independently of the deployment of

the first anchor, at a second target location of the heart near the second commissure and

coupleable with the coaptation assist device so that the second lateral edge is oriented toward

the second commissure and such that the first leaflet of the heart valve coapts with the first

coaptation surface and the second leaflet of the heart valve coapts with the second coaptation

surface sufficiently that the mal-coaptation of the heart valve is mitigated.

50. A coaptation assist implant for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis extending along a blood flow path, the first and second leaflets having a

coaptation zone defining a curve extending across the flow path, the implant comprising:

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body, the coaptation assist body supportable

within the heart so that the axis of the implant extends along the axis of the valve with the

first and second lateral sides of the coaptation assist body extend along the curve of the

coaptation zone of the heart valve

wherein the coaptation assist body of the supported implant is sufficiently

laterally conformable that engagement between the implant and the heart laterally bends the

coaptation assist body between the edges toward the curve defined by the coaptation zone of

the heart valve.



1. A coaptation assist implant for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis extending along a blood flow path, the first and second leaflets having a

coaptation zone defining a curve extending across the flow path, the implant comprising:

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body, the coaptation assist body introducible

into the heart and supportable within the heart so that the axis of the coaptation assist body

extends along the axis of the valve with the first and second lateral sides of the coaptation

assist body extending along the curve of the coaptation zone of the heart valve;

the coaptation assist body deployable from a first configuration to a second

configuration by removing the coaptation assist body from within a surrounding deployment

catheter.

52. The implant of claim 51, wherein coaptation assist body is deployable

by laterally unrolling, unforcing, and/or unfolding the coaptation assist body within the heart.

53. The implant of claim 51, wherein the coaptation assist body has an

insertion volume within the deployment catheter and a deployed volume greater than the

insertion volume, and wherein the coaptation assist body is volumetrically expandable within

the heart so as to increase a thickness of the coaptation assist device between the first and

second coaptation surfaces.

54. The implant of claim 53, wherein the coaptation assist body comprises

a permeable material, and wherein the coaptation assist body is configured to volumetrically

expand when released in the heart without the coaptation assist body being inflated using

inflation fluid introduced from outside a vascular system of the patient.

55. The implant of claim 54, wherein the coaptation assist body comprises

a tissue-ingrowth material layer disposed over a core material, the core material expanding

when released inside the heart.

56. The implant of claim 54, wherein the coaptation assist body comprises

a layer of ePTFE over a foam or other liquid absorbing matrix.



57. A coaptation assist system for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis extending along a blood flow path, the system comprising:

a catheter system including a catheter body having a proximal end and a distal

end, the distal end being steerable within the heart from the proximal end;

a first anchor selectively deployable from the distal end of the catheter body at

a first target location of the heart near the first commissure; and

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body, the coaptation assist body introducible

into the heart and coupleable in vivo with the first anchor after the first anchor is deployed in

the heart so that the first lateral edge extends toward the first commissure.

58. The system of claim 57, further comprising a plurality of alternatively

selectable coaptation assist bodies having differing geometries, each of the coaptation assist

bodies coupleable with the first anchor after the first anchor is deployed in the heart so that

the coaptation assist body is supported by the first anchor with the first lateral side extending

toward the first commissure to mitigate differing mal-coaptation characteristics.

59. The system of claim 57, further comprising a second anchor selectively

deployable from within the heart with the catheter system at a second target location of the

heart near the second commissure, the second lateral side of the coaptation assist device

coupleable in vivo with the second anchor after the second anchor is deployed in the heart so

that the coaptation assist body is supported by the second anchor with the second lateral side

extending toward the second commissure.

60. The system of claim 58, wherein, for at least some of the coaptation

assist bodies, a thickness of the deployed coaptation assist body between the first coaptation

surface and the second coaptation surface varies along the curve, and wherein localized

enhancements in the thickness are at different locations along the curves of the coaptation

assist bodies so as to mitigate differing localized mal-coaptation characteristics of different

patients.

6 1. The system of claim 8, wherein, for at least some of the coaptation

assist bodies, flanges of the deployed coaptation assist bodies protrude laterally from the

coaptation surface so as to inhibit leaflet prolapse, and wherein geometries of the flanges



differ among the coaptation assist so as to mitigate differing leaflet prolapse characteristics of

different patients.

62. A coaptation assist implant for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis extending along a blood flow path, the first and second leaflets having a

coaptation zone with a mal-coaptation geometry, the implant comprising:

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body, the coaptation assist body supportable

within the heart so that the axis of the implant extends along the axis of the valve with the

first and second lateral sides of the coaptation assist body extend along the coaptation zone;

wherein the coaptation assist body of the supported implant is sufficiently

conformable that engagement between the implant and the leaflets of the heart significantly

conforms a shape of the coaptation assist body between the leaflets toward the mal-coaptation

geometry of the leaflets.

63. A coaptation assist device for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis, the first and second leaflets having a coaptation zone, the device

comprising:

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, wherein the coaptation assist body defines a channel within the

coaptation assist body, the coaptation assist body introducible into the heart and coupleable in

vivo within the heart valve;

a tether disposed within the axial channel and coupled to the coaptation assist

body near a first end of the channel; and

a curvature lock attached to the tether near a second end of the channel, the

tether being lockable by the lock to constrain the distance between the first and second ends

of the channel so as to define a curvature of the coaptation assist body.

64. The coaptation assist device of claim 63, further comprising:

a central atrial anchor affixed to the upstream end of the coaptation assist body

and deployable to fix the upstream end of the coaptation assist body to the heart.

65. The coaptation assist device of claim 63, further comprising a

ventricular anchor affixed to the downstream end of the coaptation assist body and



deployable to fix the downstream end of the coaptation assist body to ventricular tissue of the

heart.

66. The coaptation assist device of claim 63, further comprising two lateral

anchors affixed proximate the respective lateral edges of the upstream end of the coaptation

assist body and deployable to fix the upstream end to the heart proximate the respective

commissures of the heart valve.

67. The coaptation assist device of claim 63, wherein the tether comprises

a wire or a suture, and wherein the curvature lock comprises a crimp on the wire or suture.

68. A method of treating mal -coaptation of a heart valve in a patient, the

heart valve having an annulus and first and second leaflets, the annulus defining a valve axis

extending along a blood flow path, the first and second leaflets having a coaptation zone, the

method comprising:

introducing an implant having a coaptation assist body with first and second

opposed coaptation surfaces into the heart valve;

supporting the deployed implant so that the coaptation assist body is disposed

within the coaptation zone; and

adjusting a curvature of the coaptation assist body.

69. The method of claim 68, wherein adjusting the axial curvature of the

coaptation assist body further comprises:

tensioning a tether coupled to the downstream end of the coaptation assist

body to cause the curvature of the coaptation assist body to change by changing a distance

between the upstream and downstream ends of the coaptation assist body; and

engaging a lock of the tether at the upstream end of the coaptation assist body

to constrain the distance between the upstream and downstream ends of the coaptation assist

body.

70. The method of claim 68, wherein introducing the implant into the heart

valve comprises introducing the implant in a first configuration, and then deploying the

implant from the first configuration to a second configuration.

7 1. The method of claim 68, further comprising anchoring the downstream

end of the coaptation assist body to ventricular tissue of the heart.



72. The method of claim 71, further comprising anchoring the upstream

end of the coaptation assist body to the annulus of the heart valve.

73. The method of claim 71, further comprising anchoring the upstream

end of the coaptation assist body to the heart near a first commissure of the heart valve and

near a second commissure of the heart valve.

74. A coaptation assist system for treating mal-coaptation of a heart valve

in a patient, the heart valve having an annulus and first and second leaflets, the annulus

defining a valve axis, the system comprising:

a catheter system including a catheter body having a proximal end and a distal

end, the distal end being steerable within the heart from the proximal end;

a coaptation assist body having an axis and first and second opposed major

coaptation surfaces, each coaptation surface extending laterally between a first lateral edge

and a second lateral edge of the coaptation assist body, the coaptation assist body introducible

into the heart and coupleable in vivo within the heart valve, wherein the coaptation assist

body defines a channel;

a tether extending through the channel such that a curvature of the coaptation

assist body is adjustable by varying the distance between the ends of the channel along the

tether; and

a curvature lock on the tether operable to constrain the distance between the

ends of the channel so as to define a curvature of the coaptation assist body.

75. The system of claim 74, further comprising a central anchor

deployable to anchor the upstream end of the coaptation assist body to the annulus of the

heart valve.

76. The system of claim 75, further comprising two lateral anchors affixed

proximate the respective lateral edges of the upstream end of the coaptation assist body and

deployable to fix the upstream end to the heart proximate the respective commissures of the

heart valve.

77. The system of claim 75, further comprising a ventricular anchor

affixed proximate downstream end of the coaptation assist body and deployable to fix the

downstream end to ventricular tissue of the heart.



78. The system of claim 75, wherein the tether comprises a wire or a

suture, and wherein the curvature lock comprises a crimp on the wire or suture.
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