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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus

for endovascularly replacing a heart valve as set forth in
the claims

[0002] Heart valve surgery is used to repair or replace

diseased heart valves. Valve surgery is an open-heart

procedure conducted under general anesthesia. An in-

cision is made through the patients sternum (sternoto—

my), and the patient‘s heart is stopped while blood flow

is rerouted through a heart—lung bypass machine.

[0003] Valve replacement may be indicated when

there is a narrowing of the native heart valve, commonly
referred to as stenosis, or when the native valve leaks or

regurgitates.

[0004] When replacing the valve, the native valve is

excised and replaced with either a biologic or a mechan-

ical valve. Mechanical valves require lifelong anticoagu-

lant medication to prevent blood clotformation, and click-

ing of the valve often may be heard through the chest.

Biologic tissue valves typically do not require such med-

ication. Tissue valves may be obtained from cadavers or

may be porcine or bovine, and are commonly attached

to synthetic rings that are secured to the patient’s heart.

[0005] Valve replacement surgery is a highly invasive

operation with significant concomitant risk. Risks include

bleeding, infection, stroke, heart attack, arrhythmia, renal
failure, adverse reactions to the anesthesia medications,

as well as sudden death. 2—5% of patients die during sur-
gery.

[0006] Post—surgery, patients temporarily may be con-
fused due to emboli and other factors associated with

the heart—lung machine. The first 2-3 days following sur-

gery are spent in an intensive care unitwhere heartfunc—

tions can be closely monitored. The average hospital stay
is between 1 to 2 weeks, with several more weeks to

months required for complete recovery.

[0007] in recent years, advancements in minimally in-

vasive surgery and interventional cardiology have en-

couraged some investigators to pursue percutaneous re-

placement of the aortic heart valve. Percutaneous Valve

Technologies ("PVT") of Fort Lee, New Jersey, has de-

veloped a bal|oon—expandable stent integrated with a bi-

oprosthetic valve. The stent/valve device is deployed

across the native diseased valve to permanently hold the

valve open, thereby alleviating a need to excise the native

valve and to position the bioprosthetic valve in place of

the native valve. PVT’s device is designed for delivery in

a cardiac catheterization laboratory under local anesthe-

sia using fluoroscopic guidance, thereby avoiding gen-

eral anesthesia and open-heart surgery. The device was

first implanted in a patient in April of 2002.

[0008] PVT’s device suffers from several drawbacks.

Deployment of PVT’s stent is not reversible, and the stent
is not retrievable. This is a critical drawback because

improper positioning too far up towards the aorta risks
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blocking the coronary ostia of the patient. Furthermore,

a misplaced stent/valve in the other direction (away from

the aorta, closerto the ventricle) will impinge on the mitral

apparatus and eventually wear through the leaflet as the

leaflet continuously rubs against the edge of the
stent/valve.

[0009] Another drawback of the PVT device is its rel-

atively large cross-sectional delivery profile. The PVT

system’s stent/valve combination is mounted onto a de-

livery balloon, making retrograde delivery through the

aorta challenging. An antegrade transseptal approach

may therefore be needed, requiring puncture ofthe sep-

tum and routing through the mitral valve, which signifi-

cantly increases complexity and risk of the procedure.

Very few cardiologists are currently trained in performing

a transseptal puncture, which is a challenging procedure

by itself.

[0010] Other prior art replacement heart valves use

self—expanding stents as anchors. in the endovascular

aortic valve replacement procedure, accurate placement

of aortic valves relative to coronary ostia and the mitral

valve is critical. Standard self—expanding systems have

very poor accuracy in deployment, however. Often the

proximal end ofthe stent is not released from the delivery

system until accurate placement is verified by fluorosco-

py, and the stenttypicallyjumps once released. ltisthere—

fore often impossible to know where the ends ofthe stent

will be with respect to the native valve, the coronary ostia
and the mitral valve.

[0011] Also, visualization of the way the new valve is

functioning prior to final deployment is very desirable.

Visualization prior to final and irreversible deployment

cannot be done with standard self—expanding systems,

however, and the replacement valve is often not fully

functional before final deployment.

[0012] Anotherdrawbackofpriorartself—expandingre-

placement heart valve systems is their lack of radial

strength. In order for self—expanding systems to be easily

delivered through a delivery sheath, the metal needs to

flex and bend inside the delivery catheter without being

plastically deformed. in arterial stents, this is not a chal-

lenge, and there are many commercial arterial stent sys-

tems that apply adequate radial force against the vessel

wall and yet can collapse to a small enough ofa diameter

to fit inside a delivery catheter without plastically deform-

ing.

[0013] However when the stent has a valve fastened

inside it, as is the case in aortic valve replacement, the

anchoring ofthe stent to vessel walls is significantly chal-

lenged during diastole. The force to hold back arterial

pressure and prevent blood from going back inside the

ventricle during diastole will be directly transferred to the
stent/vessel wall interface. Therefore the amount ofradial

force required to keep the self expanding stent/valve in

contact with the vessel wall and not sliding will be much

higher than in stents that do not have valves inside of

them. Moreover, a self—expanding stent without sufficient

radial force will end up dilating and contracting with each
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heartbeat, thereby distorting the valve, affecting its func-

tion and possibly migrating and dislodging completely.

Simply increasing strut thickness of the self—expanding

stent is not a practical solution as it runs the risk of larger

profile and/or plastic deformation of the self—expanding
stent.

[0014] U.S. patent application Serial No.

2002/0151970 to Garrison et al. describes a two-piece

device for replacement of the aortic valve that is adapted

for delivery through a patient’s aorta. A stent is percuta—

neously placed across the native valve, then a replace-

ment valve is positioned within the lumen ofthe stent. By

separating the stent and the valve during delivery, a pro-

file of the device's delivery system may be sufficiently

reduced to allow aortic delivery without requiring a trans-

septal approach. Both the stent and a frame of the re-

placement valve may be balloon—expandable or self—ex-

panding.

[0015] While providing for an aortic approach, devices

described in the Garrison patent application suffer from

several drawbacks. First, the stent portion of the device

is delivered across the native valve as a single piece in

a single step, which precludes dynamic repositioning of

the stent during delivery. Stent foreshortening or migra-

tion during expansion may lead to improper alignment.

[0016] Additionally, Garrison’s stent simply crushes

the native valve leaflets against the heart wall and does

not engage the leaflets in a manner that would provide

positive registration of the device relative to the native

position of the valve. This increases an immediate risk

of blocking the coronary ostia, as well as a longer—term

risk of migration of the device post-implantation. Further-

still, the stent comprises openings or gaps in which the

replacement valve is seated post—delivery. Tissue may

protrude through these gaps, thereby increasing a risk

of improper seating of the valve within the stent.

[0017] In view ofdrawbacks associated with previously

known techniques for percutaneously replacing a heart

valve, it would be desirable to provide methods and ap-

paratus that overcome those drawbacks.

[0018] WO 95/28899 describes a surgically implanta-

ble stented bioprosthetic heart valve comprising a ring-

shaped suturing cuff at the inflow portion of the valve.

[0019] US 2001/0039450 describes a venous valve

device having a generally serpentine shape and a corner

flap.

SUMMARY OF THE INVENTION

[0020] The present invention is directed to an appara-

tus for endovascularly replacing a patient’s heart valve

as set forth in the appended claims. The apparatus com-

prises an expandable cylindrical anchor supporting a re-

placement valve. The anchor has a delivery configuration

and a deployed configuration. The apparatus has at least

one sac disposed about the exterior of the anchor to pro-
vide a seal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Figures 1A—B are elevational views ofa replacement

heart valve and anchor according to one embodi-
ment of the invention.

Figures 2A-B are sectional views of the anchor and

valve of Figures 1.

Figures 3A—B show delivery and deployment of a re-

placement heart valve and anchor, such as the an-

chor and valve of Figures 1 and 2.

Figures 4A—F also show delivery and deployment of

a replacement heart valve and anchor, such as the

anchor and valve of Figures 1 and 2.

Figures 5A-l show the use of a replacement heart

valve and anchor to replace an aortic valve.

Figures 6A—F show the use of a replacement heart

valve and anchor with a positive registration feature

to replace an aortic valve.

Figure 7 shows the the use of a replacement heart

valve and anchor with an alternative positive regis-

tration feature to replace an aortic valve.

Figures 8A-C show another embodiment of a re-

placement heart valve and anchor according to the
invention.

Figures 9A—H show delivery and deployment of the

replacement heart valve and anchor of Figures 8.

Figure 10 is a cross—sectional drawing ofthe delivery

system used with the method and apparatus of Fig-
ures 8 and 9.

Figures 11 A-C show alternative locks for use with

replacement heart valves and anchors of this inven-
tion.

Figures 12 A-C show a vessel wall engaging lockfor

use with replacement heart valves and anchors of
this invention.

Figure 13 demonstrates paravalvular leaking around

a replacement heart valve and anchor.

Figure 14 shows a seal for use with a replacement
heart valve and anchor of this invention.

Figures 15A—E show alternative arrangements of

seals on a replacement heart valve and anchor.

Figures 16A—C show alternative seal designs for use

with replacement heart valves and anchors.

Figure 17 shows an alternative embodiment ofa re-

placement heartvalve and anchor and a deployment

tool according to the invention in an undeployed con-

figuration.

Figure 18 shows the replacement heart valve and

anchor of Figure 17 in a partially deployed configu-
ration.

Figure 19 shows the replacement heart valve and

anchor of Figures 17 and 18 in a more fully deployed

configuration but with the deployment tool still at-
tached.

Figure 20 shows yet another embodiment of the de-

livery and deployment apparatus of the invention in
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use with a replacement heart valve and anchor.

F'gure 21 shows the delivery and deployment appa-

ratus of Figure 20 in the process of deploying a re-

placement heart valve and anchor.

F'gure 22 shows an embodimentofthe invention em-

ploying seals at the interface of the replacement

heart valve and anchor and the patient’s tissue.

F'gure 23 is a longitudinal cross-sectional view of

the seal shown in Figure 22 in compressed form.

F'gure 24 is a transverse cross—sectional view of the

seal shown in Figure 23.

F'gure 25 is a longitudinal cross—sectional view of

the seal shown in Figure 22 in expanded form.

F'gure 26 is a transverse cross—sectional view of the

seal shown in Figure 25.

F'gure 27 shows yet another embodiment of the re-

placement heart valve and anchor of this invention

in an undeployed configuration.

F'gure 28 shows the replacement heart valve and

anchor of Figure 27 in a deployed configuration.

Fgure 29 shows the replacement heart valve and

anchor of Figures 27 and 28 deployed in a patient’s
heart valve.

F'gures 30A-H show yet another embodiment of a

replacement heart valve, anchor and deployment

system according to this invention.

F'gures 31A—E show more detail of the anchor of the

embodiment shown in Figures 30A—H.

F'gures 32A—B show further details of the embodi-

ment of Figures 3OA-H.

F'gures 33 A—C illustrate a method for percutaneous—

ly replacing a patient’s diseased heart valve.

F'gures 34A and 34B show replacement valve ap-

paratus in accordance with the present invention.

F'gure 34 illustrates the apparatus in a collapsed de-

livery configuration within a delivery system. Figure

34B illustrates the apparatus in an expanded config-

uration partially deployed from the delivery system.

Figures 35A—35F show an anchor of the apparatus

of Figures 34 in the collapsed delivery configuration

and the expanded deployed configuration, as well

as the full apparatus in the deployed configuration,

and optional locking mechanisms for use with the

apparatus.

F'gure 36 is a schematic top view of an apparatus

for fabricating braided anchors in accordance with

the present invention.

F'gures 37A—37D are schematictopviews illustrating

a method of using the apparatus of Figure 36 to fab-

ricate a braided anchor of the present invention.

F'gures 38A—38O are schematic detail views illus-

trating features of braid cells at an anchor edge.

F'gures 39A-39E illustrate further features of braid

cells at an anchor edge.

F'gures 40A-40J are schematic detail views termi-

nations forone or more wire strandsforming anchors

of the present invention.

F'gures 41 A and 41B are schematic side views of
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alternative embodiments ofthe anchor portion of the

apparatus of the present invention.

Figures 42A—42E are schematic side views of further

alternative embodiments ofthe ofthe anchor portion

of the apparatus of the present invention.

Figures 43A—43D are schematic views of different

weave configurations.

Figures 44A-44E are schematic side views ofvarious

braided anchor configurations.

Figures 45A—45E are schematic side views of a de-

ployment process.

Figures 46A and 46B illustrate a braided anchor in
the heart.

Figures 47A and 47B illustrate a bilaterally symmet-

rical anchorand an asymmetricanchor, respectively.

Figure 48 illustrates a braided anchor ofthe present
invention with closed end turns Tu.

Figures 49A—49E illustrate additional features for end
turns of a braided anchor.

Figures 50A—50F illustrate deployment of an anchor

with leaflet engagement elements on the deploy-

ment system.

Figure 51 illustrates a deployed anchor with leaflet

engagement elements on the proximal end of the
anchor.

Figures 52A—52C illustrate deployment of an anchor

with anchor registration elements and a seal.

Figures 53A—53B illustrate an embodiment ofthe ap-

paratus with a seal that does not reach the proximal

end of the anchor during both systole and diastole.

Figures 54A—54B illustrate an embodiment ofthe ap-

paratus with a seal that reaches the proximal end of

the anchor during both systole and diastole.

DETAILED DESCRIPTION

[0022] The present invention relates to apparatus and

methods forendovascularly or percutaneously delivering

and deploying a prosthesis, e.g., an aortic prosthesis,

within and/or across a patient’s native heart valve, re-

ferred to hereinafter as replacing the patient’s heart

valve. A delivery system and/or deployment tool is pro-

vided including a sheath assembly and a guidewire for

placing the prosthetic apparatus endovascularly within

the patient and a user control allowing manipulation of

the prosthetic apparatus from external to the patient

through the application of a non-hydraulically expanding

or non—pneumatica|ly expanding force on the anchor. A

hydraulically or pneumatically expanding force would be,

for example, a force applied to the anchor by a balloon

expanded within the anchor. In certain embodiments, the

application of a non—hydraulically expanding or non-

pneumatically expanding force could include the use of

a hydraulic component transmitting a proximally or dis-

tally directed force on an anchor.

[0023] The apparatus includes an anchor and a re-

placement valve. The anchor includes an expandable

anchor such as a braid. In preferred embodiments, the
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expandable braid includes closed edges, but the edges

may alternatively be open. The replacement valve is

adapted to be secured within the anchor, and as such,

be delivered endovascularly to the patient’s heart to re-

place one of the patient’s native heart valves. More pref-

erably, the apparatus and methods ofthe present inven-

tion contemplate replacement of the patient’s aortic
valve.

[0024] With reference now to Figures 1-4, a first em-

bodiment of replacement heart valve apparatus in ac-

cordance with the present invention is described, includ-

ing a method of actively foreshortening and expanding

the apparatus from a delivery configuration and to a de-

ployed configuration. Apparatus 10 comprises replace-

ment valve 20 disposed within and coupled to anchor 30.

Figures 1 schematically illustrate individual cells of an-

chor 30 of apparatus 10, and should be viewed as if the

cylindrical anchor has been cutopen and laid flat. Figures

2 schematically illustrate a detail portion of apparatus 10
in side—section.

[0025] Anchor 30 has a lip region 32, a skirt region 34

and a body region 36. First, second and third posts 38a,

38b and 38c, respectively, are coupled to skirt region 34

and extend within lumen 31 ofanchor 30. Posts 38 pref-

erably are spaced 120° apart from one another about the
circumference of anchor 30.

[0026] Anchor 30 preferably is fabricated by using self-

expanding patterns (laser cut or chemically milled),
braids, and materials, such as a stainless steel, nickel-

titanium ("Nitino|") or cobalt chromium but alternatively

may be fabricated using ba||oon—expandab|e patterns

where the anchor is designed to plastically deform to it’s

final shape by means of balloon expansion. Replacement

valve 20 is preferably from biologic tissues, e.g. porcine

valve leaflets or bovine or equine pericardium tissues,

alternatively it can be made from tissue engineered ma-

terials (such as extracellular matrix material from Small

intestinal Submucosa (SlS)) but alternatively may be

prostheticfrom an elastomeric polymeror silicone, Nitinol

or stainless steel mesh or pattern (sputtered, chemically

milled or laser cut). The leaflet may also be made of a

composite of the elastomeric or silicone materials and

metal alloys or other fibers such Kevlar or carbon. Annu-

lar base 22 of replacement valve 20 preferably is coupled

to skirt region 34 of anchor 30, while commissures 24 of

replacement valve leaflets 26 are coupled to posts 38.

[0027] Anchor 30 may be actuated using external non-

hydraulic or non—pneumatic force to actively foreshorten

in order to increase its radial strength. As shown below,

the proximal and distal end regions ofanchor 30 may be

actuated independently. The anchor and valve may be

placed and expanded in order to visualize their location

with respect to the native valve and otheranatomical fea-

tures and to visualize operation of the valve. The anchor

and valve may thereafter be repositioned and even re-

trieved into the delivery sheath or catheter. The appara-

tus may be delivered to the vicinity of the patient’s aortic

valve in a retrograde approach in a catheter having a
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diameter no more than 23 french, preferably no more

than 21 french, more preferably no more than 19 french,

or more preferably no more than 17french. Upon deploy-

ment the anchor and replacement valve capture the na-

tive valve leaflets and positively lock to maintain config-

uration and position.

[0028] Adeployment tool is used to actuate, reposition,

lock and/or retrieve anchor 30. in order to avoid delivery

of anchor 30 on a balloon for balloon expansion, a non-

hydraulic or non—pneumatic anchor actuator is used. in

this embodiment, the actuator is a deployment tool that

includes distal region control actuators 50, control actu-

ators 60 (embodied here as rods or tubes) and proximal

region control actuators 62. Locks 40 include posts or

arms 38 preferably with male interlocking elements 44

extending from skirt region 34 and mating female inter-

locking elements 42 in lip region 32. Male interlocking

elements 44 have eyelets 45. Control actuators 50 pass

from a delivery system for apparatus 10 through female

interlocking elements 42, through eyelets 45 of male in-

terlocking elements 44, and back through female inter-

locking elements 42, such that a double strand of wire

50 passes through each female interlocking e|ement42

for manipulation by a medical practitioner external to the

patientto actuate and control the anchor by changing the

anchor’s shape. Control actuators 50 may comprise, for

example, strands of suture or wire.

[0029] Actuators 60 are reversibly coupled to appara-

tus 10 and may be used in conjunction with actuators 50

to actuate anchor 30, e.g., to foreshorten and lock appa-

ratus 1O in the fully deployed configuration. Actuators 60

also facilitate repositioning and retrieval of apparatus 10,

as described hereinafter. For example, anchor 30 may

be foreshortened and radially expanded by applying a

distally directed force on actuators 60 while proximally

retracting actuators 50. As seen in Figures 3, control ac-

tuators 62 pass through interior lumens 61 of actuators

60. This ensures that actuators 60 are aligned properly

with apparatus 10 during deployment and foreshorten-

ing. Control actuators 62 can also actuate anchor 60;

proximally directed forces on control actuators 62 con-

tacts the proximal lip region 32 of anchor 30. Actuators

62 also act to couple and decouple actuators 60 from

apparatus 10. Actuators 62 may comprise, for example,
strands of suture or wire.

[0030] Figures 1Aand 2A illustrate anchor 30 in a de-

livery configuration or in a partially deployed configura-

tion (e.g., after dynamic self—expansion expansion from

a constrained delivery configuration within a delivery

sheath). Anchor 30 has a relatively long length and a

relatively small width in the delivery or partially deployed

configuration, as compared to the foreshortened and fully

deployed configuration of Figures 1B and 2B.

[0031] In Figures 1A and 2A, replacement valve 20 is

collapsed within lumen 31 of anchor 30. Retraction of
actuators 50 relative to actuators 60 foreshortens anchor

30, which increases the anchor’s width while decreasing

its length. Such foreshortening also properly seats re-
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placement valve 20 within lumen 31 of anchor 30. Im-

posed foreshortening will enhance radial force applied

by apparatus 10 to surrounding tissue over at least a

portion of anchor 30. in some embodiments, the anchor

exerts an outward force on surrounding tissue to engage

the tissue in such way to prevent migration of anchor

caused by force of blood against closed leaflet during

diastole. This anchoring force is preferably 0,454 kg to

0,907 kg [1 to 2 lbs], more preferably 0,907 kg to 1,814

kg [2 to 4 lbs], or more preferably 1,814 kg to 4,536 kg

[4 to 10 lbs]. In some embodiments, the anchoring force

is preferably greater than 0,454 kg [1 pound], more pref-

erably greater than 0,907 kg [2 pounds], or more prefer-

ably greater than 1,814 kg [4 pounds]. Enhanced radial

force of the anchor is also important for enhanced crush

resistance of the anchor against the surrounding tissue

due to the healing response (fibrosis and contraction of

annulus over a longer period of time) or to dynamic

changes of pressure and flow at each heart beat. In an

alternative embodiment, the anchor pattern or braid is

designed to have gaps or areas where the native tissue

is allowed to protrude through the anchor slightly (not

shown) and as the foreshortening is applied, the tissue

is trapped in the anchor. This feature would provide ad-

ditional means to prevent anchor migration and enhance

long term stability of the device.

[0032] Deployment of apparatus 10 is fully reversible

until lock 40 has been locked via mating of male inter-

locking elements 44 with female interlocking elements

42. Deployment is then completed by decoupling actua-

tors 60 from lip section 32 of anchor 30 by retracting one
end of each actuator 62 relative to the other end of the

actuator, and by retracting one end of each actuator 50
relative to the otherend ofthe actuatoruntileach actuator

has been removed from eyelet 45 of its corresponding

male interlocking element 44.

[0033] As best seen in Figure 2B, body region 36 of

anchor 30 optionally may com prise barb elements 37 that

protrude from anchor 30 in the fully deployed configura-

tion, for example, for engagement of a patient’s native

valve leaflets and to preclude migration ofthe apparatus.

[0034] With reference now to Figures 3, a delivery and

deployment system for a self—expanding embodiment of

apparatus 10 including a sheath 110 having a lumen 112.

Self—expanding anchor 30 is collapsible to a delivery con-

figuration within lumen 112 of sheath 110, such that ap-

paratus 10 may be delivered via delivery system 100. As

seen in Figure 3A, apparatus 10 may be deployed from

lumen 112 by retracting sheath 110 relative to apparatus
10, control actuators 50 and actuators 60, which causes

anchor 30 to dynamically self—expand to a partially de-

ployed configuration. Control actuators 50 then are re-

tracted relative to apparatus 10 and actuators 60 to im-

pose foreshortening upon anchor 30, as seen in Figure
3B.

[0035] During foreshortening, actuators 60 push

against lip region 32 ofanchor 30, while actuators 50 pull

on posts 38 of the anchor. Actuators 62 may be retracted
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along with actuators 50 to enhance the distally-directed

pushing force applied by actuators 60 to lip region 32.
Continued retraction of actuators 50 relative to actuators

60 would look locks 40 and fully deploy apparatus 10 with

replacement valve 20 properly seated within anchor 30,

as in Figures 1B and 2B. Apparatus 10 comprises en-

hanced radial strength in the fully deployed configuration

as compared to the partially deployed configuration of

Figure 3A. Once apparatus 10 has been fully deployed,

actuators 50 and 62 may be removed from apparatus 10,

thereby separating delivery system 100 including actua-

tors 60 from the apparatus.

[0036] Deployment of apparatus 10 is fully reversible

until locks 40 have been actuated. For example, just prior

to locking the position of the anchor and valve and the

operation of the valve may be observed under fluoros-

copy. if the position needs to be changed, by alternately

relaxing and reapplying the proximally directed forces

exerted by control actuators 50 and/or control actuators

62 and the distally directed forces exerted by actuators

60, expansion and contraction of the lip and skirt regions

of anchor 30 may be independently controlled so that the

anchor and valve can be moved to, e.g., avoid blocking

the coronary ostia or impinging on the mitral valve. Ap-

paratus 10 may also be completely retrieved within lumen

112 of sheath 110 by simultaneously proximally retract-

ing actuators 50 and actuators 60/actuators 62 relative

to sheath 110. Apparatus 10 then may be removed from

the patientor repositioned for subsequent redeployment.

[0037] Referring now to Figures 4, step-by-step de-

ployment of apparatus 10 via delivery system 100 is de-

scribed. In Figure 4A, sheath 110 is retracted relative to

apparatus 10, actuators 50 and actuators 60, thereby

causing self—expandab|e anchor 30 to dynamically self-

expand apparatus 10 from the collapsed delivery config-

uration within lumen 112 of sheath 110 to the partially

deployed configuration. Apparatus 10 may then be dy-

namically repositioned via actuators 60 to properly orient

the apparatus, e.g. relative to a patient’s native valve
leaflets.

[0038] In Figure 4B, control actuators 50 are retracted

while actuators 60 are advanced, thereby urging lip re-

gion 32 of anchor 30 in a distal direction while urging

posts 38 of the anchor in a proximal direction. This fore-

shortens apparatus 10, as seen in Figure 4C. Deploy-

ment of apparatus 10 is fully reversible even after fore-

shortening has been initiated and has advanced to the

point illustrated in Figure 4C.

[0039] In Figure 4D, continued foreshortening causes

male interlocking elements 44 of locks 40 to engage fe-

male interlocking elements 42. The male elements mate

with the female elements, thereby locking apparatus 10

in the foreshortened configuration, as seen in Figure 4E.

Actuators 50 are then pulled through eyelets 45 of male

elements 44 to remove the actuators from apparatus 10,

and actuators 62 are pulled through the proximal end of

anchor 30 to uncouple actuators 60 from the apparatus,

thereby separating delivery system 100 from apparatus
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10. Fully deployed apparatus 10 is shown in Figure 4F.

[0040] Referring to Figures 5, a method of percutane-

ously replacing a patient’s diseased aortic valve with ap-

paratus 10 and deliverysystem 100 is described. As seen

in Figure 5 A, sheath 110 of delivery system 100, having

apparatus 10 disposed therein, is percutaneously ad-

vanced overguide wire G, preferably in a retrograde fash-

ion (although an antegrade or hybrid approach alterna-

tively may be used), through a patient’s aorta A to the

patients diseased aortic valve AV. A nosecone 102 pre-

cedes sheath 110 in a known manner. In Figure 5B,

sheath 110 is positioned such that its distal region is dis-

posed within left ventricle LV of the patient’s heart H.

[0041] Apparatus 10 is deployed from lumen 112 of

sheath 110, for example, under fluoroscopic guidance,

such that anchor 30 of apparatus 10 dynamically self-

expands to a partially deployed configuration, as in Fig-

ure 5C. Advantageously, apparatus 10 may be retracted
within lumen 112 of sheath 110 via actuators 50 — even

afteranchor 30 has dynamically expanded to the partially

deployed configuration, for example, to abort the proce-

dure or to reposition apparatus 10 or delivery system

100. As yet another advantage, apparatus 10 may be

dynamically repositioned, e.g. via sheath 110 and/or ac-

tuators 60, in orderto properly align the apparatus relative

to anatomical landmarks, such as the patient’s coronary

ostia or the patient’s native valve leaflets L. When prop-

erly aligned, skirt region 34 of anchor 30 preferably is

disposed distal of the leaflets, while body region 36 is

disposed across the leaflets and lip region 32 is disposed

proximal of the leaflets.

[0042] Once properly aligned, actuators 50 are retract-

ed relative to actuators 60 to impose foreshortening upon

anchor 30 and expand apparatus 10 to the fully deployed

configuration, as in Figure 5D. Foreshortening increases

the radial strength of anchor 30 to ensure prolonged pa-

tency of valve annulus An, as well as to provide a better

seal for apparatus 10 that reduces paravalvular regurgi-

tation. As seen in Figure 5E, locks 40 maintain imposed

foreshortening. Replacementvalve 20 is properly seated
within anchor 30, and normal blood flow between leftven—

tricle LV and aorta A is thereafter regulated by apparatus

10. Deployment ofapparatus 10 advantageously is fully
reversible until locks 40 have been actuated.

[0043] As seen in Figure 5F, actuators 50 have been

pulled from eyelets 45 of male elements 44 of locks 40,

actuators 60 are decoupled from anchor 30, e.g. via ac-

tuators 62, and delivery system 100 is removed from the

patient, thereby completing deploymentof apparatus 10.

Optional barb elements 37 engage the patient’s native

valve leaflets, e.g. to further preclude migration of the

apparatus and/or reduce paravalvular regurgitation.

[0044] Figures 5G and 5H show further details of de-

ployment using a deployment apparatus. Apparatus 10

is deployed from lumen Lu of sheath 110, for example,

under fluoroscopic guidance by proximally retracting

proximal handle 111 ofsheath 110 relative to shaft 108,

such that anchor 30 of apparatus 10 dynamically self-
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expands to the partially deployed configuration of Figure

5C. Advantageously, apparatus 10 may be retracted

within lumen Lu of sheath 110 by retracting shaft 108

relative to the sheath, and thereby retracting actuators

106a coupled to anchor 30 relative to sheath 110. In this

manner, anchor 30 may be retrieved even after the an-

chor has dynamically expanded to the partially deployed

configuration, for example, to abort the procedure or to

reposition apparatus 10 or delivery system 100. As yet

another advantage, apparatus 10 may be dynamically

repositioned, in order to properly align the apparatus rel-

ative to anatomical landmarks, such as the patient’s cor-

onary ostia or the patient’s native valve leaflets L. When

properly aligned, a distal region of anchor 30 preferably

is disposed distal of the leaflets, while a central region of

the anchor is disposed across the leaflets and a proximal

region is disposed proximal of the leaflets.

[0045] Once properly aligned, actuators 1 06b are prox-

imally retracted relative to actuators 106a, e.g., via knob

126 ofhandle 120, to impose foreshortening upon anchor

30 and further expand apparatus 10 to the fully deployed

configuration, as in Figure 5D. Foreshortening increases

the radial strength of anchor 30 to ensure prolonged pa-

tency of valve annulus An, as well as to provide a better

seal for apparatus 10 that reduces paravalvular regurgi-

tation. Lock 40 formed by engaging post lock elements

44 of posts 32 with anchor lock elements 34 of anchor

30 maintains imposed foreshortening. Replacement

valve 20 is properly seated within anchor 30, and normal
blood flow between left ventricle LV and aorta A is there-

after completely regulated by apparatus 10, although

valve 20 is functional during deployment as well. Deploy-

ment of apparatus 10 advantageously is fully reversible

until the locks have been actuated. Releasable lock pre-

vention mechanisms may be provided to ensure that the

locks are not actuated prematurely. Furthermore, the

locks may be reversible, such that apparatus 10 may be

retrieved or repositioned even after actuation ofthe locks.

[0046] Once apparatus 10 is fully expanded and locked

in the expanded configuration, actuators 106a are de-

coupled from anchor 30 by actuating releasable attach-

ment mechanisms, e.g., by retracting release actuators
112 relative to the actuators 106a via knob 122 of handle

120. Likewise, actuators 106b are decoupled from posts

32 by actuating releasable attachment mechanisms,

e.g., by retracting release actuators 112 relative to the
actuators 106b via knob 124 of handle 120. As seen in

Figure 5E, delivery system 100 then may be removed

from the patient, thereby completing deployment of ap-

paratus 10. Optional barb elements 37 engage the pa-

tient’s native valve leaflets, e.g. to preclude migration of

the apparatus and/or to reduce paravalvular regurgita-
tion.

[0047] With reference now to Figures 6, a method of

percutaneously replacing a patient’s diseased aortic

valve with apparatus 10 is provided, wherein proper po-

sitioning of the apparatus is ensured via positive regis-

tration of a modified delivery system to the patient’s native
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valve leaflets. in Figure 6A, modified delivery system 100’

delivers apparatus 10 to diseased aortic valve AV within

sheath 110. As seen in Figures 6B and 6C, apparatus

10 is deployed from lumen 112 ofsheath 110, forexam—

pie, under fluoroscopic guidance, such that anchor 30 of

apparatus 10 dynamically self—expands to a partially de-

ployed configuration. As when deployed via delivery sys-

tem 100, deployment ofapparatus 10 via delivery system

100’ is fully reversible until locks 40 have been actuated.

[0048] Delivery system 100’ comprises leafletengage—

ment element 120, which preferably self—expands along

with anchor 30. Engagement element 120 is disposed

between actuators 60 of delivery system 100’ and lip re-

gion 32 of anchor 30. Element 120 releasably engages

the anchor. As seen in Figure 6C, the element is initially

deployed proximal of the patient’s native valve leaflets

L. Apparatus 10 arid element 120 then may be ad-

vanced/dynamically repositioned until engagement ele-

ment positively registers against the leaflets, thereby en-

suring proper positioning of apparatus 10. Also delivery

system 100’ includes filterstructure 61A (e.g., filter mem-

brane or braid) as part of push actuators 60 to act as an

embolic protection element. Emboli can be generated

during manipulation and placement ofanchor from either

diseased native leaflet or surrounding aortic tissue and

can cause blockage.

Arrows 61B in Figure 6E show blood flow through filter
structure 61A where blood is allowed to flow but emboli

is trapped in the delivery system and removed with it at

the end of the procedure.

[0049] Alternatively, foreshortening may be imposed

upon anchor 30 while element 120 is disposed proximal

of the leaflets, as in Figure 6D. Upon positive registration

ofelement120 against leaflets L, element 120 precludes

further distal migration of apparatus 10 during additional

foreshortening, thereby reducing a risk of improperly po-

sitioning the apparatus. Figure 6E details engagement

of element 120 against the native leaflets. As seen in

Figure 6F, once apparatus 10 is fully deployed, element

120, actuators 50 and actuators 60 are decoupled from

the apparatus, and delivery system 100’ is removed from

the patient, thereby completing the procedure.

[0050] With reference to Figure 7, an alternative em-

bodiment of the apparatus of Figures 6 is described,

wherein leaflet engagement element 120 is coupled to

anchor 30 ofapparatus 10’, ratherthan to delivery system

100. Engagement element 120 remains implanted in the

patient post—dep|oyment of apparatus 10’. Leaflets L are

sandwiched between lip region 32 of anchor 30 and el-

ement 120 in thefullydeployed configuration. lnthis man-

ner, element 120 positively registers apparatus 10’ rela-

tive to the leaflets and precludes distal migration of the

apparatus over time.

[0051] Referring now to Figures 8, an alternative de-

livery system adapted for use with a balloon expandable

embodiment ofthe present invention is described. In Fig-

ure 8 A, apparatus 10" com prises anchor 30’ that maybe

fabricated from balloon—expandable materials. Delivery
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system 100" comprises inflatable member 130 disposed

in a deflated configuration within lumen 31 ofanchor 30’.

in Figure 8B, optional outer sheath 110 is retracted, and

inflatable member 130 is inflated to expand anchor 30’

to the fully deployed configuration. As inflatable member

130 is being deflated, as in earlier embodiments, actua-

tors SO and 62 and actuators 60 maybe used to assist

deployment of anchor 30’ and actuation of locks 40, as

well as to provide reversibility and retrievability of appa-

ratus 10" prior to actuation of locks 40. Next, actuators

50 and 62 and actuators 60 are removed from apparatus

10", and delivery system 100" is removed, as seen in

Figure 8C.

[0052] As an alternative delivery method, anchor 30’

may be partially deployed via partial expansion of inflat-
able member 130. The inflatable member would then be

advanced within replacement valve 20 prior to inflation

of inflatable member 130 and full deployment ofappara-

tus 10". inflation pressures used will range from about

3,04 to 6,08 bar [3 to 6 atm], or more preferably from

about 4,05 to 5,07 bar [4 to 5 atm], though higher and

lower bar [atm] pressures may also be used (e.g., greater

than 3,04 bar [3 atm], more preferably greater than 4,05

bar [4 atm], more preferably greaterthan 5,07 bar [5 atm],

or more preferably greater than 6,08 bar [6 atm]). Advan-

tageously, separation of inflatable member 130 from re-

placementvalve 20, until partial deploymentofapparatus

10" at a treatment site, is expected to reduce a delivery

profile of the apparatus, as compared to previously

known apparatus. This profile reduction may facilitate ret-

rograde delivery and deployment of apparatus 10", even

when anchor 30’ is balloon—expandable.

[0053] Although anchor 30’ has illustratively been de-

scribed as fabricated from balloon—expandable materials,

itshould be understood thatanchor30’ alternatively may

be fabricated from self—expanding materials whose ex-

pansion optionally may be ba|loon—assisted. In such a

configuration, anchor 30’ would expand to a partially de-

ployed configuration upon removal of outer sheath 110.

If required, inflatable member 130 then would be ad-

vanced within replacement valve 20 prior to inflation. in-

flatable member 130 would assist full deployment of ap-

paratus 10", for example, when the radial force required

to overcome resistance from impinging tissue were too

great to be overcome simply by manipulation of actuators

50 and actuators 60. Advantageously, optional place-

ment of inflatable member 130 within replacement valve

20, only after dynamic self—expansion of apparatus 10"

to the partially deployed configuration ata treatmentsite,

is expected to reduce a delivery profile of the apparatus,

as compared to previously known apparatus. This red uc—

tion may facilitate retrograde delivery and deployment of

apparatus 10".

[0054] With reference to Figures 9 and 10, methods

and apparatus for a balloon-assisted embodiment of the

present invention are described in greater detail. Figures

9 and 10 illustratively show apparatus 10’ of Figures 7

used in combination with delivery system 100" of Figures
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8. Figure 10 illustrates a sectionalview ofdelivery system

100'‘. Inner shaft 132 of inflatable member 130 preferably

is about4 Fr in diameter, and comprises lumen 133 con-

figured for passage of guidewire G, having a diameter of

about 0.0889 mm [0.035"], therethrough. Push actuators

60 and pull actuators 50 pass through guidetube 140,

which preferably has adiameterofabout 15 Fror smaller.

Guide tube 140 is disposed within lumen 112 of outer

sheath 110, which preferably has a diameter of about 17
Fr or smaller.

[0055] In Figure 9A, apparatus 10’ is delivered to dis-
eased aortic valve AV within lumen 112 of sheath 110.

In Figure 9B, sheath 1 10 isretracted relative to apparatus

10’ to dynamically self—expand the apparatus to the par-

tially deployed configuration. Also retracted and removed

is nosecone 102 which is attached to a pre-slit lumen

(not shown) that facilitates its removal prior to loading

and advancing of a regular angioplasty balloon catheter

over guidewire and inside delivery system 110.

[0056] In Figure 9C, pull actuators 50 and push actu-

ators So are manipulated from external to the patient to

foreshorten anchor 30 and sufficiently expand lumen 31
ofthe anchor to facilitate advancement ofinflatable mem-

ber 130 within replacement valve 20. Also shown is the

tip of an angioplasty catheter 130 being advanced

through delivery system 110.

[0057] The angioplasty balloon catheter or inflatable

member 130 then is advanced within the replacement

valve, as in Figure 9D, and additional foreshortening is

imposed upon anchor 30 to actuate |ocks40, as in Figure

9E. The inflatable member is inflated to further displace

the patient’s native valve leaflets L and ensure adequate

blood flow through, and long—term patency of, replace-

ment valve 20, as in Figure 9F. Inflatable member 130

then is deflated and removed from the patient, as in Fig-

ure 9G. A different size angioplasty balloon catheter

could be used repeat the same step ifdeemed necessary

by the user. Push actuators 60 optionally may be used

tofurthersetleafletengagementelement 120, oroptional

barbs B along posts 38, more deeply within leaflets L, as

in Figure 9H. Then, delivery system 100" is removed from

the patient, thereby completing percutaneous heart valve

replacement.

[0058] As will be apparent to those of skill in the art,

the order of imposed foreshortening and balloon expan-

sion described in Figures 9 and 10 is only provided for

the sake of illustration. The actual order may vary ac-

cording to the needs of a given patient and/or the pref-

erences ofa given medical practitioner. Furthermore, bal-

loon—assist may not be required in all instances, and the

inflatable mem ber may act merely as a safety precaution

employed selectively in challenging clinical cases.

[0059] Referring now to Figures 11, alternative locks

for use with apparatus of the present invention are de-

scribed. in Figure 11 A, lock 40’ comprises male inter-

locking element 44 as described previously. However,

female interlocking element 42’ illustratively comprises

a triangular shape, as compared to the round shape of
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interlocking element 42 described previously. The trian-

gular shape of female interlocking element 42’ may fa-

cilitate mating of male interlocking element 44 with the

female interlocking element without necessitating defor-

mation of the male interlocking element.

[0060] In Figure 11 B, lock 40" comprises alternative

male interlocking element 44’ having multiple in-line ar-

rowheads 46 along posts 38. Each arrowhead comprises

resiliently deformable appendages 48 to facilitate pas-

sage through female interlocking element 42. Append-

ages 48 optionally comprise eyelets 49, such that control

actuator 50 or a secondary wire may pass therethrough

to constrain the appendages in the deformed configura-
tion. To actuate lock 40", one or more arrowheads 46 of

male interlocking element 44’ are drawn through female

interlocking element 42, and the wire is removed from

eyelets 49, thereby causing appendages 48 to resiliently

expand and actuate lock 40".

[0061] Advantageously, providing multiple arrow-

heads 46 along posts 38 yields a ratchet that facilitates

in—vivo determination of a degree of foreshortening im-

posed upon apparatus of the present invention. Further-

more, optionally constraining appendages 48 of arrow-

heads 46 via eyelets 49 prevents actuation of lock

40" (and thus deployment of apparatus of the present

invention) even after male element 44’ has been ad-

vanced through female element 42. Only after a medical

practitioner has removed the wire constraining append-

ages 48 is lock 40” fully engaged and deployment no

longer reversible.

[0062] Look 40''’ of Figure 11C is similar to lock 40" of

Figure 11B, except that optional eyelets 49 on append-

ages 48 have been replaced by optional overtube 47.

Overtube 47 serves a similar function to eyelets 49 by

constraining appendages 48 to prevent locking until a

medical practitioner has determined that apparatus of

the present invention has been foreshortened and posi-

tioned adequately at a treatment site. Overtube 47 is then

removed, which causes the appendages to resiliently ex-

pand, thereby fully actuating lock 40"’.

[0063] With reference to Figures 12, an alternative

locking mechanism is described that is configured to en-

gage the patient’s aorta. Male interlocking elements

44" of locks 40"" comprise arrowheads 46’ having sharp-

ened appendages 48’. Upon expansion from the delivery

configuration of Figure 12A to the foreshortened config-

uration of Figure 12B, apparatus 10 positions sharpened

appendages 48’ adjacent the patient’s aorta A. Append-

ages 48’ engage the aortic wall and reduce a risk of de-

vice migration overtime.

[0064] With reference now to Figure 13, a risk of par-

avalvular leakage or regurgitation around apparatus of

the present invention is described. In Figure 13, appara-

tus 10 has been implanted at the site of diseased aortic

valve AV, for example, using techniques described here-

inabove. The surface of native valve leaflets L is irregular,

and interface I between leaflets L and anchor 30 may

comprise gaps where blood B may seep through. Such
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leakage poses a risk of blood clot formation or insufficient
blood flow.

[0065] Referring to Figure 14, optional elements for re-

ducing regurgitation or leakage are described. Compliant

sacs 200 may be disposed about the exterior of anchor

30 to provide a more efficient seal along irregular inter-

face I. Sacs 200 may be filled with an appropriate mate-

rial, for example, water, blood, foam or a hydrogel. Alter-

native fill materials will be apparent.

[0066] With reference to Figures 15, illustrative ar-

rangements for sacs 200 are provided. In Figure 15 A,

sacs 200 are provided as discrete sacs at different posi-

tions along the height of anchor 30. in Figure 15B, the

sacs are provided as continuous cylinders at various

heights. in Figure 15C, a single sac is provided with a

cylindrical shape that spans multiple heights. The sacs

of Figure 15D are discrete, smaller and provided in larger

quantities. Figure 15E provides a spiral sac. Alternative

sac configurations will be apparent to those of skill in the
art.

[0067] With reference to Figures 16, exemplary tech-

niques for fabricating sacs 200 are provided. In Figure

16A, sacs 20 comprise ’fish-scale’ slots 202 that may be

back-filled, for example, with ambient blood passing

through replacement valve 20. in Figure 16B, the sacs

comprise pores 204 that may be used to fill the sacs. In

Figure 16C, the sacs open to lumen 31 ofanchor 30 and

are filled by blood washing past the sacs as the blood

moves through apparatus 10.

[0068] Figures 17-19 show an alternative embodiment
of the anchor. Anchor 350 is made of a metal braid, such

as Nitinol or stainless steel. A replacement valve 354 is

disposed within anchor 350. Anchor 350 is actuated in

substantially the same way as anchor 30 of Figures 1-4

through the application of proximally and distallydirected

forces from confrol actuators (not shown) and actuators
352.

[0069] Figures 20 and 21 show yet another embodi-

ment of the delivery and deployment apparatus of the

invention. As an alternative to the balloon expansion

method described with respect to Figures 8, in this em-

bodiment the nosecone (e.g., element 102 of Figures 5)

is replaced by an angioplasty balloon catheter 360. Thus,

expandable balloon cathether 360 precedes sheath 110

on guidewire G. When anchor 30 and valve 20 are ex-

panded through the operation of actuators 60 and the

control actuators (not shown) as described above, bal-

loon cathether 360 is retracted proximally within the ex-

panded anchor and valve and expanded further as de-

scribed above with respect to Figures 8.

[0070] Figures 22-26 show seals 370 that expand over
time to seal the interface between the anchor and valve

and the patient's tissue. Seals 370 are preferablyformed

from Nitinol wire surrounded by an expandable foam. As

shown in cross-section in Figures 23 and 24, at the time

of deployment, the foam 372 is compressed about the

wire 374 and held in the compressed form by a time-

released coating 376. After deployment, coating 376 dis-
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solves in vivo to allow foam 372 to expand, as shown in

Figures 25 and 26.

[0071] Figures 27-29 show another way to seal the re-

placement valve against leakage. A fabric seal 380 ex-

tends from the distal end of valve 20 and back proximally

over anchor 30 during delivery. When deployed, as

shown in Figures 28 and 29, fabric seal 380 bunches up

to create fabric flaps and pockets thatextend into spaces

formed by the native valve leaflets 382, particularly when

the pockets are filled with blood in response to backflow

blood pressure. This arrangement creates a seal around

the replacement valve.

[0072] Figures 30A-H show another embodiment of a

replacement heart valve apparatus in accordance with

the present invention. Apparatus 450 comprises replace-

ment valve 460 (see Figures 32B and 33C) disposed

within and coupled to anchor 470. Replacement valve

460 is preferably biologic, e.g. porcine, but alternatively

may be synthetic. Anchor 470 preferably is fabricated

from self—expanding materials, such as a stainless steel

wire mesh or a nickel—titanium alloy ("Nitinol"), and com-

prises lip region 472, skirt region 474, and body regions

476a, 476b and 476c. Replacement valve 460 preferably

is coupled to skirt region 474, but alternatively may be

coupled to other regions of the anchor. As described

herein below, lip region 472 and skirt region 474 are con-

figured to expand and engage/capture a patient’s native

valve leaflets, thereby providing positive registration, re-

ducing paravalvular regurgitation, reducing device mi-

gration, etc.

[0073] As seen in Figure 30A, apparatus 450 is col-

lapsible to a delivery configuration, wherein the appara-

tus may be delivered via delivery system 410. Delivery

system 410 comprises sheath 420 having lumen 422, as

well as actuators 424a and 424b seen in Figures 30D-

30G. Actuators 424a are configured to expand skirt re-

gion 474 of anchor 470, as well as replacement valve

460 coupled thereto, while actuators 424b are configured

to expand lip region 472.

[0074] As seen in Figure 30B, apparatus 450 may be

delivered and deployed from lumen 422 of catheter 420

while the apparatus is disposed in the collapsed delivery

configuration. As seen in Figures 30B-30D, catheter 420

is retracted relative to apparatus 450, which causes an-

chor 470 to dynamically self-expand to a partially de-

ployed configuration. Actuators 424a are then retracted

to expand skirt region 474, as seen in Figures 30E and

30F. Preferably, such expansion may be maintained via

locking features described hereinafter.

[0075] In Figure 30G, actuators 424b are retracted to

expand lip region 472 and fully deploy apparatus 450.

As with skirt region 474, expansion of lip region 472 pref-

erably may be maintained via locking features. After both

lip region 472 and skirt region 474 have been expanded,

actuators 424 may be removed from apparatus 450,

thereby separating delivery system 410 from the appa-

ratus. Delivery system 410 then may be removed, as

seen in Figure 30H.
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[0076] As will be apparent to those ofskill in the art, lip

region 472 optionally may be expanded prior to expan-

sion of skirt region 474. As yet another alternative, lip

region 472 and skirt region 474 optionally may be ex-

panded simultaneously, in parallel, in a step—wise fashion

or sequentially. Advantageously, delivery of apparatus

450 is fully reversible until lip region 472 or skirt region

474 has been locked in the expanded configuration.

[0077] With reference now to Figures 31A-E, individual

cells of anchor 470 of apparatus 450 are described to

detail deployment and expansion of the apparatus. in

Figure 31A, individual cells of lip region 472, skirt region

474 and body regions 476a, 476b and 476c are shown

in the collapsed delivery configuration, as they would ap-

pear while disposed within lumen 422 of sheath 420 of

delivery system 410 of Figures 30. A portion of the cells

forming body regions 476, for example, every ’nth‘ row

of cells, comprises locking features.

[0078] Body region 476a comprises male interlocking

element 482 of lip lock 480, while body region 476b com-

prises female interlocking element 484 of lip lock 480.

Male e|ement482 compriseseye|et483.Wire424b pass-

es from female interlocking element 484 through eyelet

483 and back through female interlocking element 484,

such thatthere is a double strand ofwire 424b that passes

through lumen 422 of catheter 420 for manipulation by a

medical practitioner external to the patient. Body region

476bfurther comprises male interlocking element 492 of

skirt lock 490, while body region 476c comprises female

interlocking e|ement494 ofthe skirt |ock.Wire424a pass-

es from female interlocking element 494 through eyelet

493 of male interlocking e|ement492, and back through

female interlocking element 494. Lip lock 480 is config-

ured to maintain expansion of lip region 472, while skirt

lock 490 is configured to maintain expansion of skirt re-

gion 474.

[0079] In Figure 31B, anchor 470 is shown in the par-

tially deployed configuration, e.g., after deploymentfrom

lumen 422 of sheath 420. Body regions 476, as well as

lip region 472 and skirt region 474, self-expand to the

partially deployed configuration. Full deployment is then

achieved by refracting actuators 424 relative to anchor

470, and expanding lip region 472 and skirt region 474

outward, as seen in Figures 31C and 31D. As seen in

Figure 31 E, expansion continues until the male elements

engage the female interlocking elements of lip lock 480

and skirt lock 490, thereby maintaining such expansion

(lip lock 480 shown in Figure 31E). Advantageously, de-

ploymentof apparatus 450 is fully reversible until lip lock
480 and/or skirt lock 490 has been actuated.

[0080] With reference to Figures 32A—B, isometric

views, partially in section, further illustrate apparatus 450

in the fully deployed and expanded configuration. Figure
32A illustrates the wireframe structure of anchor 470,

while Figure 32B illustrates an embodiment of anchor

470 covered in a biocompatible material B. Placement

of replacement valve 460 within apparatus 450 may be

seen in Figure 32B. The patient’s native valve is captured
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between lip region 472 and skirt region 474 of anchor

470 in the fully deployed configuration (see Figure 33B).

[0081] Referring to Figures 33 A—C, in conjunction with

Figures 30 and 31, a method for percutaneously replac-

ing a patient’s diseased aortic valve with apparatus 450

is described. Delivery system 410, having apparatus 450

disposed therein, is percutaneously advanced, prefera-

bly in a retrograde fashion, through a patient’s aorta A to

the patient’s diseased aortic valve AV. Sheath 420 is po-

sitioned such that its distal end is disposed within left

ventricle LV of the patient’s heart H. As described with

respect to Figures 30, apparatus 450 is deployed from

lumen 422 ofsheath 420, forexample, underfluoroscopic

guidance, such that skirt section 474 is disposed within

left ventricle LV, body section 476b is disposed across

the patient’s native valve leaflets L, and lip section 472

is disposed within the patient’s aorta A. Advantageously,

apparatus 450 may be dynamically repositioned to obtain

proper alignment with the anatomical landmarks. Fur-

thermore, apparatus 450 may be refracted within lumen
422 of sheath 420 via actuators 424, even after anchor

470 has dynamically expanded to the partially deployed

configuration, for example, to abort the procedure or to

reposition sheath 420.

[0082] Once properly positioned, elements 424a are

retracted to expand skirt region 474 of anchor 470 within

left ventricle LV. Skirt region 474 is locked in the expand-

ed configuration via skirt lock 490, as previously de-

scribed with respect to Figures 31. In Figure 33 A, skirt

region 474 is maneuvered such that it engages the pa-
tient’s valve annulus An and/or native valve leaflets L,

thereby providing positive registration of apparatus 450
relative to the anatomical landmarks.

[0083] Elements 424b are then actuated external to

the patient in order to expand lip region 472, as previously

described in Figures 30. Lip region 472 is locked in the

expanded configuration via lip lock480. Advantageously,

deployment of apparatus 450 is fully reversible until lip
lock 480 and/or skirt lock 490 has been actuated. Ele-

ments 424 are pulled from eyelets 483 and 493, and de-

livery system 410 is removed from the patient. As will be

apparent, the order of expansion of lip region 472 and

skirt region 474 may be reversed, concurrent, etc.

[0084] As seen in Figure 33B, lip region 472 engages

the patient’s native valve leaflets L, thereby providing ad-

ditional positive registration and reducing a risk of lip re-

gion 472 blocking the patient’s coronary ostia 0. Figure
33C illustrates the same in cross—sectional view, while

also showing the position of replacement valve 460. The

patient’s native leaflets are engaged and/or captured be-

tween lip region 472 and skirt region 474. Advantageous-

ly, lip region 472 precludes distal migration of apparatus

450, while skirt region 474 precludes proximal migration.

It is expected that lip region 472 and skirt region 474 also

will reduce paravalvular regurgitation.

[0085] Figures 34A and 34B illustrate one embodiment

of a delivery system/deployment tool and apparatus in

accordance with the present invention. As seen in Figure



Edwards Lifesciences Corporation, et al. Exhibit 1030, p. 12 of 112

21 EP 2 926 766 B1 22

34 A, apparatus 10 may be collapsed for delivery within

delivery system/deployment tool 100. Delivery system

100 includes guidewire G, nosecone 102, anchor actu-
ation elements 106, multi—lumen shaft or catheter 108

having optional central lumen 109 and a plurality of cir-

cumferentially disposed Iumens Lu, external sheath 110

having optional proximal handle 111, and confrol handle

120. Nosecone 102 may, for example, be manipulated

via a shaft extending through central lumen 109 of multi-
lumen catheter 108.

[0086] Anchor actuation elements 106 preferably com-

prise both proximal anchor actuation elements and distal

anchor actuation elements. The proximal anchor actua-

tion elements may,forexample, comprise actuators 106a

thatare releasably coupled to a proximal region ofanchor

30 of apparatus 10 via releasable attachment mecha-

nisms for manipulating a proximal region of apparatus

10. The distal anchor actuation elements may comprise

actuators 106b that are releasably coupled to a distal

region of anchor 30 via releasable attachment mecha-

nisms for manipulating the distal region of apparatus 10.
in some embodiments, the distal anchor actuation ele-

ments may comprise posts or anchor attachment ele-
ments 32 of anchor 30 and the releasable attachment

mechanisms connecting actuators 106b to posts 32. in

an alternative configuration, the proximal anchor actua-

tion elements may be releasably coupled to a proximal

region of apparatus 10 through posts and releasable at-

tachment mechanisms for manipulation ofa proximal re-

gion of the apparatus, while the distal anchor actuation

elements may connect to a distal region of anchor 30 via

releasable attachment mechanisms to manipulate a dis-

tal region of the apparatus. As another alternative, both

proximal and distal anchor actuation element may con-
nect to anchor 30 via releasable attachment mecha-

nisms.

[0087] In the embodiment shown in Figures 34, actu-

ators 106a may, forexample, include stifffingerelements

extending from a distal region of multi—lumen shaft 108,

while actuators 106b may include control elements (e.g.,

stands of suture, or metal or polymer wires) which pass

through one or more Iumens Lu of shaft 108. Release
actuators 1 12 forthe releasable attachment mechanisms

for both sets of actuators also may pass through one or

more Iumens Lu ofshaft 108. The release actuators may

comprise, for example, control elements (e.g., strands of

suture, or metal or polymer wires), covers, mandrels,

elongated elements, friction surfaces, wrap portions, in-

terference shapes, etc. The release actuators preferably
are movable relative to anchor actuation elements 106,

e.g., via control handle 120.

[0088] Control handle 120 is coupled to multi—lumen

shaft 108. Knob 122 disposed in slot 123 may actuate

release actuators 112 that couple actuators 106a of an-

chor actuation elements 106 to apparatus 10. Likewise,

knob 124 disposed in slot 125 may actuate release ac-

tuators 112 that couple actuators 106b of anchor actua-

tion elements 106 to posts 32 of anchor 30 of apparatus
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10. Handle 120 also comprises knob 126 for, e.g., ma-

nipulating the actuators 106b to control movement of the

distal region of apparatus 10 relative to its proximal re-

gion. Conversely, controlled movement of the proximal

region of apparatus 10 relative to its distal region may be

achieved by holding knob 126 stationarywhile advancing

or retracting handle 120. Knob 126 optionally may move
actuators 106b in unison with their concomitant release

actuators 112.

[0089] Apparatus 10 comprises anchor 30 and re-

placement valve 20. Anchor 30 preferably comprises a
braid. Such braid can have closed ends at either or both

its ends. Replacement valve 20 is preferably coupled to

the anchor along posts 32, e.g., along a valve attachment

structure, such as a tab and/or a plurality of holes. Posts

32, therefore, may function as valve supports and may

be adapted to support the replacement valve within the

anchor, h the embodiment shown, there are three posts,

corresponding to the valve’s three commissural attach-

ment points. The posts can be attached to the braid por-

tion ofanchor 30. The posts can be attached to the braid’s

distal end, as shown in Figure 35A, central region, or

proximal end. Replacement valve 20 can be composed

ofa synthetic material and/or may be derived from animal

tissue. Replacement valve 20 is preferably configured to
be secured within anchor 30.

[0090] Anchor 30 comprises a plurality of anchor lock

elements 34, e.g., buckles 34, attached to its proximal

region, one for each post 32. Posts 32 may comprise a

lock element that forms a two-part locking mechanism

with anchor lock elements 34 for maintaining anchor 30

in a deployed or expanded configuration (e.g., as illus-

trated in Figures 34B, 35B and 35C).

[0091] In this embodiment, anchor 30 is formed from

a collapsible and expandable wire braid. Anchor braid 30

is preferably self—expanding and is preferably formed
from a material such as Nitinol, cobalt—chromium steel or

stainless steel wire using one or more strands of wire.

Delivery and deployment of braided anchor 30 is similar

to the delivery and deployment of the anchors described

in U.S. Patent Appl. Ser. No. 10/746,120. Specifically, in

one embodiment described below, during deployment

braided anchor 30 is activelyforeshortened by proximally

retracting the actuators 106b relative to the actuators

106a to expand and lock the anchor in place. In some

embodiments, foreshortening may expand anchor 30 to

a radially symmetrical, bilaterally symmetrical, or asym-

metrical expanded shape. The foreshortening step can

include expanding a first region of the anchor to a first

diameter and a second region of the anchor to a second

diameter largerthan the first diameter. Athird region may

also be expanded to a diameter larger than the first di-

ameter. The expansion of various regions of the anchor

(e.g., thedistal region) can be especially useful in locating

the aortic valve and centering the anchor within it. Pref-

erably, the secured anchor does not interfere with the
mitral valve or the ostia. in some embodiments, the an-

chor is allowed to self—expand prior to the foreshortening
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step.

[0092] As seen in Figures 34, after endovascular de-

livery through sheath 110 to the vicinity of the patient’s

native valve (such as the aortic valve), apparatus 10 may

be expanded from the collapsed delivery configuration

of Figure 34 A to the expanded deployed configuration

of Figure 34B using delivery system/deploymenttool 100.

To deploy apparatus 10, external sheath 110 may be

retracted relative to apparatus 10 by proximally retracting
sheath handle 111 relative to control handle 120. Sheath

110 is thereby removed from the exterior of apparatus

10, permitting the anchor 30to se|f—expand. Forexample,

if anchor braid 30 is composed of a shape memory ma-

terial, it may self—expand to or toward its "at—rest" config-

uration. This at-rest configuration of the braid can be, for

example its expanded configuration, a collapsed config-

uration, or a partially expanded configuration between

the collapsed configuration and the expanded configu-

ration, or some combination. In preferred embodiments,

the anchors at-rest configuration is between the col-

lapsed configuration and the expanded configuration.

Depending on the at-rest diameter of the braid and the

diameter of the patient’s anatomy at the chosen deploy-

ment location, the anchor may or may not self-expand to

come into contactwith the diameter ofthe patient’s anat-

omy at that location.

[0093] In its collapsed configuration, anchor 30 prefer-

ably has a collapsed delivery diameter between about 3

to 30 Fr, or more preferably 6 to 28 Fr, or more preferably
12 to 24 Fr. In some embodiments, anchor 30 in its col-

lapsed configuration will have a length ranging from

about 5 to about 170 mm, more preferably from about 10

to about 160 mm, more preferably from about 15 to about

150 mm, more preferably from about 20 to about 140

mm, or more preferably from about 25 mm to about 130
mm.

[0094] Similarly, in its expanded configuration, anchor

30 preferable has a diameter ranging between about 10

to about 36 mm, or more preferably from about 24 to

about 33 mm, or more preferably from about 24 to about

30 mm. In some embodiments, anchor 30 in its expanded

configuration will have a length ranging from about 1 to

about 50 mm, more preferably from about 2 to about 40

mm, more preferably from about 5 to about 30 mm, or

more preferably from about 7 to about 20 mm.

[0095] Overall, the ratio of deployed to col-

lapsed/sheathed lengths is preferably between about

0.05 and 0.5, more preferably about 0.1 to 0.35, or more

preferably about 0.15 to 0.25. In any ofthe embodiments

herein, anchor 30 in its expanded configuration prefera-

bly has a radial crush strength that maintains the anchor

substantially un—deformed in response to a pressure of

up to about 0,51 bar [0.5 atm] directed substantially ra-

dially inward toward the central axis, or more preferably

up to about 2,03 bar [2 atm] directed substantially radially

inward toward the central axis, in addition, in any of the

embodiments herein, the anchor preferably has an axial

spring constant of between about 10 to 250 g/cm, more
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preferably between about 20 to 200 g/cm, or more pref-

erably between about 40 to 160 g/cm. in addition, in any

of the embodiments herein, the anchor is preferably

adapted to support the replacement valve at the anchor

site in response to a differential pressure of up to about

120 mm Hg, more preferably up to about 240 mm Hg, or

more preferably up to about 320 mm Hg.

[0096] As seen in Figure 34B, anchor 30 may be ex-

panded to a fully deployed configuration from a partial

deployed configuration (e.g., self—expanded configura-

tion) by actively foreshortening anchor 30 during en-

dovascular deployment. in some embodiments, fore-

shortening of the apparatus involves applying a distally

directed force on the proximal end of the anchor by one

or more anchor actuation elements to move the proximal

end of the anchor distally while maintaining the position

of the distal end of the anchor. For example, the proximal

region of anchor 30 may be pushed distally by certain

anchor actuation elements 106, e.g., actuators 106a. Al-

ternatively, foreshortening of the apparatus involves ap-

plying a proximally directed force on the distal end of the

anchor by one or more anchor actuation elements to

move the distal end of the anchor proximally while main-

taining the position ofthe proximal end ofthe anchor. For

example, the distal region of anchor 30 may be pulled

proximally via a proximally directed force applied by post

actuation elements 106b, this force opposed by anchor
actuators 106a.

[0097] Anchor actuation elements 106 preferably are

adapted to expand radially as the anchor expands radi-

ally and to contract radially as the anchor contracts radi-

ally. Furthermore, proximally or distally directed forces

by the anchor actuation elements on one end of the an-

chor do not diametrically constrain the opposite end of

the anchor. in addition, when a proximally or distally di-

rected force is applied on the anchor by the anchor ac-

tuation elements, it is preferably applied without passing

any portion of a deployment system through a center

opening of the replacement valve. This arrangement en-

ables the replacement valve to operate during deploy-

ment and before removal of the deployment system.

[0098] The distal anchor actuation elements may in-

clude, for example, actuators 106b and/or release actu-

ators 112 that are controlled, e.g., by control knobs 124

and 126 of control handle 120. Similarly, the proximal

regions ofanchor 30 may be pushed distally via proximal

anchor actuation elements, e.g., actuators 106a, at the

proximal region of the anchor. The proximal anchor ac-

tuation elements facilitate application of a distally direct-

ed force to the proximal end of anchor 30 to move or

constrain the proximal end of the anchor distally and are

controlled through motion ofshaft 108 relative tothe distal
anchor actuation elements. Control knob 122 of control

handle 120 may control release actuators 1 12 for releas-

ing the proximal anchor actuation elements from the

braid. The proximal anchor actuation elements may be

further adapted to expand as the proximal end of the

anchor expands radially during application of a distally
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directed force on the proximal end of the anchor. Prefer-

ably, the proximal anchor actuation elements apply a dis-

tally directed force on the proximal end of the anchor

system through a plurality of actuators 106a in order to

expand the braid of anchor 30. Such braid expansion

optionally may be assisted via inflation of a balloon cath-

eter (see Figures 20 and 21) reversibly disposed within

apparatus 10, as described in U.S. PatentApp|. Ser. No.
10/746,120.

[0099] in the fully deployed configuration, lock ele-

ments of posts 32 and anchor lock elements or buckles

34 of anchor 30 may be used to lock and maintain the

anchor in the deployed configuration. Apparatus 10 may

be repositioned or retrieved from the patient until the lock

elements of posts 32 have been interlocked with anchor
lock elements 34 of anchor 30 to form lock 40. in one

embodiment, actuators 1065b and attendant release ac-

tuators 112 comprise control elements attached to posts

32 that are threaded through buckles 34 so that the prox-

imally directed force exerted on posts 32 by the control

elements during deploymentpullsa lockelement ofposts

32 toward and through buckles 34 to form lock 40. in this

manner, the control elements may act as both anchor
actuators and lock actuators.

[0100] Such lock optionally may be selectively revers-

ibletoallowforrepositioning and/orretrievalofapparatus

10 during or post—deployment. When the lock is selec-

tively reversible, the apparatus may be repositioned and
or retrieved as desired, i.e., even after actuation of lock
40.

[0101] Locks used herein may also include a plurality

of levels of locking wherein each level of locking results

in a different amount of expansion. For example, the an-

chor lock elements at the proximal end of the post can

have multiple configurations for locking within the buckle

wherein each configuration results in a different amount

ofanchorexpansion (see, e.g., Figure 35F). Such locking

mechanisms may, forexample, comprise ratchets having

multiple lock locations. Furthermore, lock alignmentfea—

tures may be provided to facilitate alignment of the post

and anchor lock elements, such as a hinge or an over-

sized width of the post or anchor lock elements. Further-

still, look prevention mechanisms may be provided to pre-

clude locking until desired by a medical practitioner.

[0102] When apparatus 10 is placed across a patient’s

diseased heart valve, anchor 30 may be used to displace

the patient’s native valve leaflets, and replacement valve

20 will thereafter serve in place of the native valve. After

final positioning and expansion, apparatus 10 may be

decoupled from delivery system 100 by decoupling the

proximal and distal anchor actuation elements 106 from

the apparatus via releasable attachment mechanisms,

e.g., by decoupling proximal actuators 106a from braided

anchor 30 and distal actuators 106b from posts 32 of the
anchor viathe releasable attachment mechanisms. Mov-

ing release actuators 112, e.g., using knobs 122 and 124

of handle 120, may, for example, actuate the releasable

attachment mechanisms. Preferably, the releasable at-
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tachment mechanisms may be actuated by moving the

release actuator(s) less than about 2,54 cm [1 inch]. After

decoupling, delivery system/deploymenttool 100 may be

removed from the patient, thereby completing endovas—

cular replacement of a patient’s heart valve.

[0103] Prior to implantation of replacement valve ap-

paratus described herein, it may be desirable to perform

a valvuloplasty on the patient’s diseased valve by insert-

ing a balloon into the valve and expanding it using, e.g.,

saline mixed with a contrast agent, in addition to prepar-

ing the valve site for implant, fluoroscopic viewing of the

valvuloplasty will help determine the appropriate size of

replacement valve implant to use.

[0104] Figures 35A—35C show further details ofanchor

30 of apparatus 10. Figure 35A shows the apparatus in

a collapsed configuration, such as for delivery within a

sheath or other lumen or for retrieval and recapture into

a sheath or other lumen. Figures 35B and 35C show the

anchor and valve in an expanded and locked configura-
tion.

[0105] As shown in Figure 35B, anchor 30 illustratively

has three posts and three buckles. As seen in Figure

35C, the three leaflets of replacement valve 20 may be,

coupled to the three posts 32 along valve support struc-

tures. Thus, posts 32 act as valve supports. The posts,

unlike the braid, do not collapse or expand. In some em-

bodiments, a post 32 has one or more proximal slots 33,

at least one proximal hole 36a and at leastone distal hole

36b. Leaflet tissue may, for example, be passed through

slot 33 and sutured in place via suture routed through

one or more proximal holes 36a. in this manner, s|ot(s)

33 and ho|e(s) 36a may form a valve support structure.

Alternative valve support structures known in the art for

fixing valve leaflets to posts may also be employed.

[0106] Posts 32 may be coupled to anchor braid 30 via

one or more distal holes 36b. For example, anchor braid

30 may be woven through holes 36b, or a suture or wire

may be routed through holes 36b and tied to the braid.

Yet another proximal hole (not shown) in post 32 serves
as an anchor lock elementthat interfaces with the anchor

lock element provided by buckle 34 to form lock 40. Buck-

les 34 may likewise be attached to anchor braid 30 via

weaving or suturing.

[0107] Alternative locks may be used to lockthe anchor

of the present invention in the foreshortened configura-

tion, as shown, e.g., in Figures 35D-35F. Preferably, a

lock of the present invention can have multiple locking

options such that looking can confera plurality ofamounts

of expansion. Furthermore, the locking option can be em-

ployed asymmetrically to confer non—cylindrical shapes

to the anchor. In Figure 35D, lock 40’ comprises male

lock element 44 disposed on post 32 and anchor lock

element 34 disposed on braided anchor 30. Anchor lock

element 34 illustratively comprises triangular protrusion

or eyelet 42 of anchor 30. The triangular shape of female

lock element 42 may facilitate mating of male lock ele-
ment 44 with the female lock element without necessi-

tating deformation of the male lock element. One or more
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holes 45 may be provided through post 32, e.g., for re-

leasably attaching an actuator 106b to the post.

[0108] in Figure 35E, lock 40" comprises alternative

male lock element 44’ having multiple in—line arrowheads

46 along posts 32. Each arrowhead comprises resiliently

deformable appendages 48 to facilitate passage through

female lock element 42’, which illustratively comprises a

rounded eyelet. Appendages 48 optionally comprise

holes 49, such that releasable lock prevention mecha-

nism 47, illustratively a control wire, may pass through

the holes to constrain the appendages in the deformed

configuration. To actuate lock 40", one or more arrow-

heads 46 of male lock element 44’ are drawn through

female lock element 42’, e.g., via a post/lock actuator,

and the lock prevention mechanism is removed from

holes 49, thereby causing appendages 48 to resiliently

expand and actuate lock 40".

[0109] Advantageously, providing multiple arrow-

heads 46 along posts 32 yields a ratchet that facilitates

in—vivo determination of a degree of foreshortening and

expansion imposed upon anchor 30. Furthermore, op-

tionally constraining appendages 48 of arrowheads 46

via mechanism 47 prevents actuation of lock 40" (and

thereby deployment of apparatus 10) even after male

element 44’ has been advanced through female element

42’. Only after a medical practitioner has removed lock

prevention mechanism 47, which constrains appendag-

es 48, is look 40" fully engaged and is deployment no

longer reversible.

[0110] Lock 40"’ of Figure 35F is similar to lock 40" of

Figure 35E, exceptthat holes 49 on appendages 48 have

been eliminated, and the lock prevention mechanism

comprises overtu be or cover 47. Overtube 47 constrains

appendages 48 to prevent locking until a medical prac-

titioner has determined that apparatus of the present in-

vention has been foreshortened and positioned ade-

quately at a treatment site. Look 40"’ may, for example,

be actuated by applying a proximally-directed force to

actuator 106b. Actuator 106b illustratively comprises a

control wire releasably disposed through hole 45 in post

32. Lock prevention mechanism 47 then is withdrawn

proximally relative to anchor 30, which causes the ap-

pendages to resiliently expand, thereby fully actuating
lock 40"’.

[0111] Figure 36 illustrates an exemplary apparatusfor

fabricating braided anchors. Such apparatus includes a

cylindrical braiding fixture 200. The cylindrical braiding

fixture 200 comprises proximal circumference of inner

posts 202a separated by a distance x from distal circum-

ference of inner posts 202b. x can be, for example, 10

to 60 mm, more preferably 20 to 50 mm, or more prefer-

ably 30 to 40 mm. Optionally, the fixture may also com-

prise proximal and distal circumferences of outer posts

204a and 204b, respectively. 204a and 204b can be sit-

uated about2-10 mm from 202a and 202b, respectively.

Posts 202a/b and 204a/b project from fixture 200 and

may be used to route wire, e.g., forforming anchor braid

30. Inner posts 202a and 202b generallyfacilitate forma-
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tion ofa braid, while outer posts 204a and 204b generally
facilitate formation of desired features at the ends of the

braid, as described hereinafter with respect to Figures
38-41.

[0112] In some embodiments, fixture 200 comprises

approximately 6-20 posts, more preferably 8-18 posts,

or more preferably 10-16 posts around its circumference,

though any alternative numberof posts may be provided.

Likewise, fixture 200 preferably has a diameter of about

2—40mm, more preferably 4-30 mm, or more preferably

6—20mm, though any alternative diameter may be pro-

vided. The diameter offixture 200 preferably is the diam-

eter of the braid in its "at rest" configuration.

[0113] Fixture 200 can optionally further comprise cir-

cumferential grooves 206 to facilitate intenNeaving of a

first section of wire underneath an adjacent section of

wire. The fixture optionally also may comprise localized

depressions or holes 208 in addition, or as an alternative,

to grooves 206. Depressions 208 may be provided at

locations where wire segments cross to act as a visual

guide for formation of anchor braid 30, as well as to fa-

cilitate the interweaving of a first section of wire beneath

an adjacent section of wire.

[0114] Referring now to Figures 37A-D, an illustrative

method of using fixture 200 to fabricate braided anchors

in accordance with the present invention is described.

Figure 37A provides a detail view of a proximal front side

region offixture 200 during formation ofa braided anchor.

Figure 37B shows a detail backside view of a central

section ofthefixture. Figure 37C shows a full-length front-

side view of the fixture and Figure 37D shows the com-

pleted braid, in Figures 37, anchor braid 30 is formed

from a single strand of wrapped and interwoven wire W.
However, it should be understood that anchor braid 30

alternatively may be formed from multiple strands ofwire.

[0115] As seen in Figure 37 A, formation of anchor

braid 30 begins with wire W being routed from starting

position P near the proximal end of fixture 200 past outer

proximal posts 204a and inner proximal posts 202a. Wire

W preferably is formed from a superelastic and/or shape-

memory material, such as Nitinol. However, alternative

wire materials may be utilized, including Cobalt—Chromi—
um, Steel and combinations thereof, as well as additional

materials that will be apparent to those of skill in the art.

[0116] After passing inner proximal posts 202a, wire

W encircles fixture 200 in a helical spiral while extending

towards the distal posts, as seen in Figures 37B and 37C.

The wire illustratively encircles fixture 200 a full 360° rev-

olution plus one additional post. However, anyalternative

degree ofwinding may be provided (e.g., a full 360° plus

2 additional posts, a full 360° plus 3 additional posts, o

a number of posts less than a full 360°). As will be ap-

parent to those of skill in the art, altering the degree of

winding will alter the expansion characteristics of the re-

sultant braid in ways per se known.

[0117] At distal inner posts 202b, wire W forms turn Tu

and is rerouted back towards proximal imier posts 202a.
It should be noted that wire W can form turn Tu in either
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inner posts 202 or outer posts 204. Turn Tu forms a
closed end ofthe braid. Additional sets of inner and outer

posts are also contemplated. The wire once again encir-

cles fixture 200 in a full 360° helical revolution plus one

additional post before reaching the proximal inner posts

and being rerouted back towards the distal inner posts.

This process is repeated with the wire repetitively inter-

woven at crossing locations between the proximal and

distal posts, e.g., via grooves 206 and/or depressions

208, to define the cells ofthe braid thatwill provide anchor

30 with desired characteristics. As seen in Figure 37D,

wire W turns both proximally and distally in order to com-

plete formation of the braid, in this embodiment, wire W

terminates in the central portion of the braid at T. Termi-

nation T may be formed, for example, by welding the

wires together, applying a shrink tube about the overlap,

using a crimp, braising the wires, etc. Additional tech-

niques will be apparent to those of skill in the art.

[0118] When anchor braid 30 is formed from a shape-

memory material, the braid may be heat set such that it

maintains a desired degree of expansion in an at—rest

configuration. The heat set at-rest configuration may

comprise, for example, the delivery configuration (e.g.,

collapsed configuration) of Figure 35A, the deployed con-

figuration (e.g., expanded configuration) of Figures 35B

and 35C, or any desired configuration therebetween. In

preferred embodiments, the anchor is heat—set in a con-

figuration between the delivery configuration and the de-

ployed configuration. Anchor braid 30 may be heat set

while still disposed on fixture 200 to maintain an at-rest

configuration as formed on the fixture, which preferably

isa configuration between the deliveryand deployed con-

figurations. Alternatively, the braid may be heat set after

complete or partial removal from the fixture. As yet an-

other alternative, the braid may be initially heat setwhile

still disposed on the fixture, but thereafter may be addi-

tionally heat set in a different shape, for example, a more

expanded configuration. It is expected that heat setting

anchor braid 30 will provide the braid with desired delivery

and/or deployment characteristics.

[0119] Referring now to Figures 38A—380, in conjunc-

tion with Figures 35C and 37, an anchor braid 30 may

be defined by a set of cells that is different than other

cells. Such cells may be formed to provide anchor braid

30 with one or more edge features (for either or both the

distal and proximal ends). These edge features can, for

example, reduce or relieve sfress within the braid during

delivery and deployment, which in turn may reduce the

incidence of anchor material fatigue caused by the pul-

satile anchor motion ofthe anchor site. As will be appar-

ent to those of skill in the art, forming braid 31 from a

single strand of wire W (or from multiple strands of wire

W that form turns or that are joined together) may lead
to sfress concentration at turns Tu in the wire where the

wire changes direction and extends back towards the

opposite end ofthe braid. Such stress concentration may

be most pronounced while the braid is disposed in its

extreme configurations, i.e. when the braid is disposed
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in the collapsed delivery configuration of Figure 35A or

the expanded deployed configuration of Figures 35B and
35C.

[0120] Stress concentration may increase the rigidity

of an anchor braid and/or may impede delivery and de-

ployment, as well as sheathing, of the braid. Thus, in

preferred embodiments, a group of cells can be config-

ured to reduce the sheathing force as described herein.

Furthermore, to enhance deliverability, sfress concentra-

tion may require that anchor braid 30 be fabricated from

a relatively thin wire W. However, thin wire may not pro-

vide anchor braid 30 with adequate radial strength to dis-

place a patient’s diseased native heart valve leaflets

and/or to anchor apparatus 10 against a patient's anat-

omy. Conversely, use of a relatively thick wire W may

increase stiffness, thereby precluding retrograde delivery

of apparatus 10, as well as a risk of kinking at turns in

the braid. Thus, in some embodiments, wires varying in

thickness may be used, or multiple wires having different

thickness may be woven together. Also, wires made from

different materials may be used to form an anchor braid.

[0121] It may be desirable to reduce sfress concentra-

tion at the edges of anchor 30 where wire W changes
direction and/or to reduce the circumferential stiffness of

the anchor braid. The edge characteristics of the anchor

may be altered by altering the shape of substantially all

anchor braid cells at the anchor’s edge (e.g., distal edge

and/or proximal edge). Wire turns that confrol the shape

of the edge cells may be formed within anchor braid 30

by routing wire W around optional outer posts 204 of fix-

ture 200 during formation of the braid. Figure 38 A illus-
frates a detail view ofa standard end turn Tu in an anchor

braid resulting in a braid with substantially uniform cell

size and shape. Figure 38B illustrates a turn that has

been elongated to lengthen the distance overwhich forc-

es concentrated in the turn may be distributed, resulting

in an anchor braid having edge cells that are longer along

the anchor axis than the other cells defined by the braid.

This elongated turn feature may be formed by routing the

wire of braid about outer posts 204 of fixture 200, and

then heat setting the wire.

[0122] Figure 38 C illustrates an alternative anchor

edge cell configuration, wherein the tip of the elongated

wire turn has been bentoutofa cylindrical shape defined

by the braid of anchor braid 30. This may be achieved,

for example, via a combination of routing ofwire W within

fixture 200 and heat setting. The out-of-plane bend of

turn Tu in the anchoredge cells in Figure 38 C may reduce

stress in some configurations, and may also provide a

lip for engaging the patient’s native valve leaflets to fa-

cilitate proper positioning ofapparatus 10 during deploy-
ment.

[0123] In Figure 38D, a W-shaped turn feature has

been formed at the wire turn, e.g., by routing the wire of

anchor braid 30 about a central inner post 202 and two

flanking outer posts 204 of fixture 200. As with the elon-

gated braid cells of Figures 38B and 38C, the W—shape

may better distribute sfress about turn Tu. The anchor
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edge cell configuration in Figure 38E includes a loop

formed in braid 31 at the turn, which may be formed by

looping wire W around an inner or outer post of fixture

200. Figure 38F provides another alternative anchor

edge cell configuration having afigure—eightshape. Such

a shape may be formed, for example, by wrapping wire

W about an inner post 202 and an aligned outer post 204

in a figure-eight fashion, and then heat setting the wire

in the resultant shape.

[0124] in Figure 38 G, the edge cells of braid 31 include

a heart—shaped configuration, which may be formed by

wrapping the wire about an aligned inner and outer post

of fixture 200 in the desired manner. In Figure 38H, the

edge cells of braid 31 have an asymmetric loop at turn

Tu. The asymmetric loop will affect twisting of braid 31

during expansion and collapse of the braid, in addition

to affecting stress concentration, in Figure 38l,the anchor

edge cells have a double—looped turn configuration, e.g.

via wrapping about two adjacent inner or outer posts of

fixture 200. Additional loops may also be employed. The

double loop turn feature may be formed with a smooth

transition between the loops, as in Figure 38], or may be

heat set with a more discontinuous shape, as in Figure
38 J.

[0125] Figure 38K illustrates thatthe edge cells of braid

31 may have multiple different configurations about the

anchor’s circumference. For example, the anchor edge

cells shown in Figure 38K have extended length cells as

in Figure 38B disposed adjacent to standard size edge

cells, as in Figure 38A. The anchor edge cells of Figure

38L have an extended turn configuration having an ex-

tended loop. The anchor edge cells shown in Figure 38M

have an alternative extended configuration with a spec-

ified heat set profile. Finally, the anchor edge cells shown

in Figure 38N that overlap orare inten/voven to be coupled
to one another.

[0126] In preferred embodiments, the edge cells may

be wrapped using wire, string, or sutures, at a location

where the wire overlaps after an end turn as is illustrated

in Figure 380. This tied-end turn feature prevents cells

from interlocking with each other during deployment.

[0127] The edge cell configuration of Figure 38 may

be heat set independently of the rest of the braid. The

anchor edge cell configurations of Figures 38 are provid-

ed only for the sake of illustration and should in no way

be construed as limiting. Additional turn features within

the scope of the present invention will apparent to those

of skill in the art in view of Figures 38. Furthermore, com-

binations of any such turn features may be provided to
achieve desired characteristics of anchor braid 30.

[0128] Referring now to Figures 39A—E, additional con-

figurations for reducing sfress concentration and/or cir-
cumferential stiffness of anchor braid 30 are illustrated.

Such configurations can be used independently or in con-

junction with other configurations disclosed herein. Such

configurations are preferably used at the anchor’s edges

to locally reduce the cross—sectional area ofsubstantially

all cells or all cells in the anchor braid’s edge (e.g., prox-
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imaland/ordistal). As seen in Figures 39Aand 39B, turns

Tu in wire W typically may have a substantially continu-

ous (e.g., round) cross—sectional profile. As seen in Fig-

ure 39C, modifying the edge cell configuration by locally

reducing the thickness or cross—sectional area ofwire W

at turn(s) Tu will reduce stress concentration within the

wire at the turns and facilitate collapse and/or expansion

of anchor braid 30 from the delivery to the deployed con-

figurations. Furthermore, it is expected that such local-
ized reduction in thickness or cross—sectional area will

reduceariskofkinking,fatigue orotherfailure atturns Tu.

[0129] Localized reduction may be achieved via a lo-

calized etching and/or electropolishing process. Alterna-

tively or additionally, localized grinding of the turns may

be utilized. Additional processing techniques will be ap-

parent to those ofskill in the art. As seen in Figures 39D-

39E, wire W may, for example, comprise an oval or rec-

tangular cross—sectional profile, respectively, after local-

ized reduction. The wire alternatively may comprise a

round profile of reduced cross—sectional area (not

shown). Additional profiles will be apparent. Localized

reduction can take place at any time (e.g., before or after

a braid is woven). Preferably, localized reduction occurs

after weaving. However, in some embodiments, a wire

of a given length may be etched or ground at preset seg-

ments and subsequently woven.

[0130] Referring now to Figures 40 A— J, instead of ter-

minating the beginning and end of wire W of braid 31 at

an overlap within the braid, as discussed previously, the

two ends of the wire may be terminated at the anchor’s

edge. Likewise, when braid 31 is fabricated from multiple

wires W, the wires (or a subset of the wires) optionally

may be joined together or terminated at turn(s) of the

braid. In Figure 40 A, wire termination T at the ends of

wire(s) W comprises a hinged termination with hinge post

38. in Figure 40B termination T comprises a clipped or

crimped termination with end cap 39. in Figure 40C, cap

39 is wrapped about the ends of wire W to form wrapped
termination T.

[0131] In Figure 40D, cap 39 is placed over the wire

ends, which are then bentto provide a swivel termination,

in Figure 40E, the wire ends are potted within cap 39 at

termination T. In Figure 40F, cap 39 is swaged about the

wire ends. In Figure 40G, the wire ends are welded or

glued together, in Figure 40 G, the wire ends are spot

welded together. Alternatively, the wire ends may be

braised to form termination T, as in Figure 40H. As yet

another alternative, cap 39 may be placed about the wire

ends, and kinks K may be formed in wire W to provide
the ends of the wire with an ’over—center’ bias that main-

tains termination T, e.g., swivel termination T. Additional

terminations will be apparent to those of skill in the art.

[0132] With reference now to Figures 41A-B, alterna-

tive anchors of the present invention are described hav-

ing anchor edge features that facilitate sheathing of the

apparatus and reduce the sheathing force. In Figure 41

A, the edge cells of anchor 30 have inwardly canted con-

figurations at the wire turns Tu about a proximal circum-
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ference of the anchor. These edge cell configurations

provide the proximal circumference with a conical profile

that facilitates sheathing of the apparatus within a deliv-

ery system, e.g., previously described delivery system

100, by allowing collapse of anchor 30 to proceed in a

more gradual and/or continuous manner, and tunneling
the anchor into the sheath.

[0133] Figure 41B illusfrates another alternative an-

chor 30 having edge cell configurations formed by wire

turns Tu about its proximal circumference that first cant

outward, and then cant inward. The inward cant provides

the proximal circumference with a conical profile and may

facilitate sheathing, while the outward cant may facilitate

anchoring at a treatment site, e.g., may engage a pa-

tient’s native valve leaflets. As will be apparent, the edge

cell configurations of Figures 8, as well as those of Fig-

ures 38-40, optionally may be provided at eitherthe prox-

imal or distal ends of the anchor, or both. The edge cell

configurations of Figures 41, as well as those of Figures

38 and 40, may, for example, be formed by heat setting

braid 31 in the desired configuration.

[0134] Referring now to Figures 42, further alternative

anchors are described having edge cell configurations

adapted to lock the anchor in the deployed configuration

to maintain expansion. in Figure 42 A, anchor 30 com-

prises elongated, hooked edge cells formed from wire

turns Tu thatare configured to snag braid 31 and maintain

the anchor in the deployed configuration, as shown, in

Figure 42B, the hooked turn features have been elongat-

ed, such that the hooks are configured to snag the op-

posing end of anchor 30 to maintain expansion.

[0135] In Figure 42C, anchor edge cells defined by wire

turns TuP and distal turn features TuD are configured to
interlock between the ends of anchor braid 30 in order

to maintain the deployed configuration ofanchor 30. The

proximal edge cells form a hook adapted to engage elon-

gated turns of the distal turn features. As will be apparent,

the disposition of all ora portion ofthe proximal and distal

edge cell configurations optionally may be reversed, i.e.

the proximal edge cells may form hooks and the distal

edge cells may be configured as elongated turns. Figure

42D illusfrates interlocking proximal and distal edge cell

configurations of more complex geometry. Figure 42E

illustrates interlocking proximal and distal edge cell con-

figurations while anchor 30 is disposed in the collapsed

delivery configuration. The locking turn features of Fig-

ures 42 may, for example, be formed by heat setting an-

chor braid 30 (or looking features only) in the desired

configuration. Additional locking turn features will be ap-

parent to those of skill in the art. In preferred embodi-

ments, the anchor locking mechanism can be set to have

alternative locking options that allow for various amounts

of expansion.

[0136] Figures 43A-43D illustrate various embodi-
ments of anchor braids. An anchor braid can be made of

one or more wire and can be used to form various density

braids. The density of the braid can be assessed by the

size of cellsformed by the weave. in some embodiments,
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two or more different density braids may be woven to-

gether. For example, Figure 43A illusfrates two groups

of cells or two braids interwoven in the center. The top

group of cells forms a more open weave than the bottom

group of cells, which forms a denser weave. Figure 43B

illusfrates another embodimentofan anchor braid having

three groups of cells. The top and bottom (proximal and

distal) edges of the anchor braid have denser cells than

the central portion of the anchor. Also, the edges of the
anchor are woven from a thinner filamentthan the central

portion. In another embodiment illustrated by Figure 43C,

all three sections of an anchor valve are woven by more
than one wire. The wires of each section are made of a

different material and/or thickness. Wires atthe sectional

boundaries may or may not interconnect with wires from
a different section. Each of the sections of the braid an-

chor may be composed of a different number of wires.

Figure 43D illustrates another embodiment of a braided

anchor having three sections, i this embodiment, all sec-

tions are composed of a single wire. The proximal and

distal sections/edges of the braided anchor have the

same pitch. The central region of the braided anchor has

a different pitch than the edge sections.

[0137] Figures44A-44E illustrate side views of braided

anchor having more than one braid pitch. Varying pitch
within the anchor allows localized variations in foreshort—

ening across the anchor, as greater foreshortening is

achieved by higher pitch of the braid. Moreover, the lo-

calized foreshortening features allow for the design of a

braid which incorporates various diameters depending

upon the amountofforeshortening. (The greaterthe fore-

shortening, the greater the diameter increase upon de-

ployment.)

[0138] Figure 44 A, for example, is a side view repre-

sentation of braided anchor of Figure 43D. On the left

side ofthe figure, the expanded anchor is illustrated hav-

ing a denser weave (shorter pitch) at the distal and prox-
imal ends; hence the dots are located closer to each oth-

er. The middle section of the anchor is composed of a

looser weave that is generated by a higher pitch braid

and is represented by dots that are farther away from

each other. On the right side of the figure, the braided

anchor isforeshortened andthe dots are collapsed closer

to each other. In this case, the central portion of the an-

chor foreshortened more than the proximal and distal

edges. Figure 44B illustrates a side view of a foreshort-

ened braided anchor that is created by low pitch at the

edges and high pitch in the middle. Figure 44C illustrates
a side view of a foreshortened braided anchor that is

created by high pitch edges and low pitch middle section.

Figure 44D illusfrates a side view of a foreshortened

braided anchor that includes a sealing feature or space

filling feature at both ends. This type of anchor can be

created by a high pitch braid at edges, low pitch braid in

the middle and heat setting the edges to curl upon un-

sheathing. This end feature is useful in facilitating an-

choring by functioning as a locator and sealing. Figure
44E illustrates a side view of a foreshortened braided
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anchor that is associated with an everting valve or loca-
tional features.

[0139] in preferred embodiments, the middle section

of the anchor may be composed of thicker wire(s) than

edge section(s)

[0140] Figures 45A—45C illustrate an example of the

process of deploying the anchor, such as the one illus-

trated in Figure 44B above. Figure 45A illusfrates a braid-

ed anchor 30 in its expanded configuration. The anchor

is composed of three sections. The distal and proximal

sections of the anchor are made of a fine weave (low

pitch) braid. The middle section of the anchor is made of

a higher pitch braid and are preferably heat set to roll

upon unsheathing. Furthermore, in preferred embodi-

ments, the filaments of the distal and proximal sections

may be thinner (e.g..O05 [0,127 mm] in thickness) than

the filaments ofthe middle section (e.g., .010 [0,254 mm]

in thickness). Posts 32 are coupled to the middle section

of the anchor. For deployment, proximal actuators 106

are coupled to the anchor’s middle section. Figure 45B

illusfrates the process of deployment. As the anchor is

pushed distally bythe proximal actuators and pulled prox-

imally by the distal actuators, it is unsheathed and begins

foreshortening. The distal section rolls up and can act as

a locator, assisting the operator in locating the aortic

valve. It then functions as aseal preventing leakage. The

proximal section may optionally also roll up. In Figure

45C, the device may be configured such that the middle

section of the valve may form an hour glass shape or a

round shape. The actuators may subsequently be re-

moved as described before. Figure 45 D is another illus-

tration of the braided anchor in its elongated configura-

tion. Figure 45E is another illustration of the braided an-

chor in its foreshortened configuration.

[0141] Figures46A—46Billustrateanotherembodiment
of a braided anchor. in this embodiment, the anchor in-
cludestwo sections —a distalsection made ofafine weave

and a higher pitch braid than the proximal section. in

Figure 46 A the device is deployed such that the distal
section made ofthe fine weave is distal tothe aortic valve.

in Figure 46B, the distal section is foreshortened, either

by heat set memory or actively. The foreshortening of

the distal section allows the operator to locate the valve

and situate the anchor prior to release.

[0142] The anchors described herein can be, for ex-

ample, radially symmetrical, bilaterally symmetrical, or

asymmetrical. A radially symmetrical anchor is one for

which symmetry exists across any diameter. A bilaterally

symmetrical anchor is one for which symmetry exists

across a finite number if diameters). An asymmetrical
anchor is one for which there exists no diameter across

which a symmetry may be found. Figure 358 illustrates

one embodimentofa radially symmetrical anchor. Figure

47A illustrates one embodiment of a bilaterally symmet-

rical anchor. Figure 47B illusfrates two embodiments

(side and top views) of asymmetrical anchors. The ben-

efits of bilaterally symmetrical an asymmetrical anchors

is their ability to avoid interfering with anatomical fea-
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tures, such as, for example the coronary ostial and/or

mitral valve. Thus, in preferred embodiments, a braided

anchor includes a region adapted to prevent expansion

of the anchor into the mitral valve, as is illustrated in Fig-
ure 47 A.

[0143] in preferred embodiments, the anchor includes

a leaflet engagement element and/or a seal inverting el-

ement situated on its proximal end. The leaflet engage-

ment element is adapted for engaging the native leaflets

of the patient’s heart, or more preferably the proximal

edge and/or the commissural attachments of the native

leaflets. The leaflet engagement v element need not ex-

tend all the way into the pocket or the distal end of the

native leaflet. Preferred embodiments of the apparatus

herein are depicted in Figures 27-29, 34, 35, 38 and
43-54, which are discussed in more detail below.

[0144] Figure 48 provides a detail view of a front side

region of anchor braid 30 with closed end turns Tu. An-

chor braid 30 includes various cells, some having an end

turn (Tu). End turns can serve various functions. For ex-

ample, end turns can be configured to reduce the sheath-

ing force, to reduce stress within the braid during delivery

and deployment, to prevent distal migration during ex-

pansion of the anchor, and/or to positively register the

anchor against the native valve during deployment. In

preferred embodiments, an end turn feature functions to

prevent distal migration and to register the anchor by

engaging the native leaflets. in preferred embodiments,

the proximal end of an anchor comprises embodiments

(Tu).

[0145] Figures 38 A—38N provide multiple examples of

edge cells having end turn feature. The end turn features

disclosed and others known in the art may be used as

leaflet engagement elements to engage the native heart

leaflets with the anchor. The leaflet engagement ele-

ments are preferably integral with the anchor, or more

preferably part ofa braided anchor. The end turn features

can occur at the proximal end, the distal end, or both

proximal and distal ends of the anchor.

[0146] For example, Figure 38 A illustrates a detail

view ofa standard end turn Tu in an anchor braid resulting

in a braid with substantially uniform cell size and shape.

[0147] Figure 38B illusfrates a turn that has been elon-

gated to lengthen the distance over which forces con-

centrated in the turn may be distributed, resulting in an

anchor braid having edge cells that are longer along the

anchor axis than the other cells defined bythe braid. This

elongated turn feature may be formed by routing the wire

of braid about outer posts and then heat setting the wire.

[0148] Figure 38 C illustrates an alternative anchor

edge cell configuration, wherein the tip of the elongated

wire turn may be bent out of a cylindrical shape defined

by the braid of anchor braid 30. This may be achieved,

for example, via a combination of routing ofwire W within

a fixture and then heat setting. Such a turn Tu in the

anchor edge cells in Figure 38 C may reduce stress in

some configurations without increasing height, and may

also provide a lip for engaging the patient’s native valve
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leaflets to facilitate proper positioning of apparatus 10

during deployment.

[0149] in Figure 38D, a W—shaped turn feature has

been formed at the wire turn, e.g., by routing the wire of

anchor braid 30 abouta central inner post and two flank-

ing outer posts. As with the elongated braid cells of Fig-

ures 38B and 38 C, the W-shape may better distribute
stress about turn Tu.

[0150] The anchor edge cell configuration in Figure

38E includes a loop formed in braid 30 at the turn, which

may be formed by looping wire W around an inner or

outer post.

[0151] Figure 38F provides another alternative anchor

edge cell configuration having afigure—eight shape. Such

a shape may be formed, for example, by wrapping wire

W about an inner post and an aligned outer post in a

figure—eightfashion, and then heat setting the wire in the

resultant shape.

[0152] In Figure 38G, the edge cells of braid 30 include

a heart—shaped configuration, which may be formed by

wrapping the wire about an aligned inner and outer post
in the desired mamier.

[0153] In Figure 38H, the edge cells of braid 30 have

an asymmetric loop at turn Tu. The asymmetric loop will

affect twisting of braid 30 during expansion and collapse

of the braid, in addition to affecting stress concentration.

[0154] In Figure 38l, the anchor edge cells have a dou-

ble—looped turn configuration, e.g. via wrapping abouttwo

adjacent inner or outer posts. Additional loops may also

be employed.

[0155] The double loop turn feature may be formed

with a smooth transition between the loops, as in Figure

38l, or may be heat setwith a more discontinuous shape,

as in Figure 38 J.

[0156] Figure 38K illustrates thatthe edge cells of braid

30 may have multiple different configurations about the

anchor’s circumference. For example, the anchor edge

cells shown in Figure 38K have extended length cells as

in Figure 38B disposed adjacent to standard size edge

cells, as in Figure 38 A.

[0157] The anchor edge cells of Figure 38 L have an

extended turn configuration having an extended loop.

[0158] The anchor edge cells shown in Figure 38M

have an alternative extended configuration with a spec-

ified heat set profile.

[0159] in Figure 38N, some or all anchor edge cells

are interwoven. When interwoven, one or more edge

cells may be shorter or longer than an adjacent edge cell.

This permits one or more edge cells to extend into one

or more leaflet pocket(s). For example, in Figure 38N the

middle Tu may be taller than the two adjacent edge cells

thus permitting the edge cell to be situated within a leaflet

pocket

[0160] in any of the embodiments herein, edge cells

may be wrapped using wire, string, or sutures, at a loca-

tion where the wire overlaps after an end turn as is illus-

trated in Figure 380. This tied—end turn feature prevents

cells from interlocking with each other during deploy-
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ment.

[0161] The anchor and any of its features may be heat

set at different configurations. For example, the anchor

may be heat set ay its "at rest" configuration such that

upon unsheathing it expands radially. The end turn fea-

tures/leaflet engagement elements may be neat set at a

different "atrest" configuration than the restofthe anchor.

in preferred embodiment, end turn features are heat set

to "flower" and then "evert" upon unsheathing.

[0162] TheendturnfeaturesofFigures38areprovided

only for the sake of illustration and should in no way be

construed as limiting. Additional turn features within the

scope of the present invention will apparent to those of

skill in the art in view of Figures 38. Furthermore, com-

binations of any such end turn features may be provided
to achieve the desired characteristics of anchor 30.

[0163] Referring now to Figures 49A—E, additional con-

figurations for reducing and/or circumferential stiffness

of an anchor braid and/or leaflet engagement elements

are illustrated. Such configurations can be used inde-

pendently or in conjunction with other configurations dis-

closed herein. Such configurations are preferably used

at the anchor’s edges to locally reduce the cross-section-

al area of substantially all cells or all cells in the anchor

braid’s edge (e.g., proximal and/or distal). As seen in

Figures 49A and 49B, turns Tu in wire W typically may

have a substantially continuous (e.g., round) cross—sec-

tional profile. As seen in Figure 49C, modifying the edge

cell configuration by locally reducing the thickness or

cross—sectional area of wire W at turn(s) Tu will reduce
stress concentration within the wire at the turns and fa-

cilitate collapse and/orexpansion ofanchor braid 30from

the delivery to the deployed configurations. Furthermore,

it is expected that such localized reduction in thickness

or cross—sectional area will reduce a risk of kinking, fa-

tigue or other failure at turns Tu.

[0164] In any of the embodiments herein, localized re-

duction ofan anchorwire may be achieved via a localized

etching and/or electropolishing process. Alternatively or

additionally, localized grinding of the turns may be uti-

lized. Additional processing techniques will be apparent

to those of skill in the art. As seen in Figures 49D—49E,

wireW may, for example, comprise an oval or rectangular

cross—sectional profile, respectively, after localized re-

duction. The wire alternatively may comprise a round pro-

file of reduced cross—sectional area (not shown). Addi-

tional profiles will be apparent. Localized reduction can

take place at any time (e.g., before or after a braid is

woven). Preferably, localized reduction occurs after

weaving. However, in some embodiments, a wire of a

given length may be etched or ground at preset segments

and subsequently woven.

[0165] With reference now to Figures 50A-F, a method

of endovascularly replacing a patient’s diseased aortic

valve is provided. The method involves endovascularly

delivering an anchor/valve apparatus and properly posi-

tioning such apparatus via positive registration with the

patient’s native valve leaflets. Registration with the native
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valve leaflet preferably occurs using the leaflet engage-
ment elements.

[0166] in Figure 50 A, modified delivery system 100’

delivers apparatus 10 to diseased aortic valve AV within

sheath 110. Apparatus 10 is delivered in a collapsed de-

livery configuration.

[0167] As seen in Figures 50B and 50C, apparatus 10

is deployed from lumen 112 ofsheath 110, for example,

under fluoroscopic guidance. Sheath 110 includes at its

distal end leaflet engagement elements 120. Upon de-

ployment, anchor 30 of apparatus 10 dynamically self-

expands to a partially deployed configuration. This caus-

es elements 60 to also dynamically expand, as well as

membrane filter (or braid) 61A and leaflet engagement

elements 120. As when deployed via delivery system

100, deploymentofapparatus 1 Ovia delivery system 100’

is fully reversible until locks 40 have been actuated.

[0168] Thus, delivery system 100’ comprises leaflet

engagementelement120,which preferably self—expands

along with anchor 30. In preferred embodiments, the dis-

tal end of leaflet engagement elements 120 expands a

greater radial distance than anchor 30. Moreover, en-

gagement elements 12O maybe disposed between ele-

ments 60 of delivery system 100’ and lip region 32 of

anchor 30. However, leaflet engagement elements 120

may also be disposed on the proximal end of an anchor

(as is illustrated in Figure 51). Leaflet engagement ele-

ments 120 releasably engage the anchor. As seen in

Figure 50C, the leaflet engagement elements 120 are

initially deployed proximal of the patients native valve

leaflets L. Apparatus 10 and element 120 then maybe

advanced/dynamically repositioned until engagementel-

ement positively registers against the leaflets, thereby

ensuring proper positioning ofapparatus 10. The leaflet

engagement element engages with the proximal edges
of the native valve leaflets and/or the commissural at-

tachments. The leaflet engagement element need not

extend all the way to the distal edge of the native leaflets

(the leaflet pockets). in preferred embodiments, a leaflet

engagement element length is less than about 20 mm,

more preferably less than about 15 mm, or more prefer-

ably less than about 10 mm. Once leaflet engagement

element 120 is registered against the native valve leaflets

and/or commissural attachments, apparatus 10 deploys

substantially distal to the coronary ostia of the heart.

[0169] In any of the embodiments herein, delivery sys-

tem 100’ can include filter structure 61A(e.g., filter mem-

brane or braid) as part of push elements 60 to act as an

embolic protection element. Emboli can be generated

during manipulation and placement ofanchorfrom either

diseased native leaflet or surrounding aortic tissue and

can cause blockage. Arrows 61B in Figure 50C show

blood flow through filter structure 61A where blood is al-

lowed to flow but em boli is frapped in the delivery system

and removed with it at the end of the procedure.

[0170] Active foreshortening may be imposed upon an-

chor 30 while element 120 is disposed proximal of the

leaflets, as is illustrated in Figure 50D. Active foreshort—
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ening can be accomplished by actuating distal anchor

actuation elements (e.g., elements 50) and/or proximal

anchor actuation elements (e.g., elements 60). Upon

positive registration of element 120 against leaflets L,

element 120 precludes further distal migration of appa-

ratus 10 during additional foreshortening, thereby reduc-

ing a risk of improperly positioning the apparatus. Figure

50E details engagement of element 120 against the na-
tive leaflets.

[0171] As seen in Figure 50F, once apparatus 10 is

fully deployed, anchor 30 may be locked (reversibly or

irreversibly). Subsequently, structure 61A leaflet en-

gagement, elements 120, elements 50 and/or elements

60 may be decoupled from the apparatus, and delivery

system 100’ may be removed from the patient, thereby

completing the procedure.

[0172] Figure 51 illustrates an alternative embodiment

of the apparatus of Figures 50A—F described above,

wherein leaflet engagement elements 120 are coupled

to anchor 30 ofapparatus 10' rather than to delivery sys-

tem 100. In the embodiment illustrated in Figure 106,

leafletengagementelements 120 remain implanted near

the patient’s native heart valve after the deployment of

apparatus 10‘ and removal ofdelivery system 100. Leaf-

lets L may be sandwiched between the proximal region

of anchor 30 and leaflet engagement element 120 in the

fully deployed configuration. In this manner, element 120

positively registers apparatus 10’ relative to the leaflets

L and precludes distal migration of the apparatus over
time.

[0173] Figures 52A—52C illustrate another embodi-

ment for endovascularly delivering an apparatus of the

present invention. In Figure 52 A, a catheter 600 is de-

livered percutaneously in a retrograde fashion to the aor-

tic valve. The catheter passes through the native aortic

valve before an operator actuates the unseathing of the

anchor/valve apparatus. As the sheathing catheter is

pulled proximally out of the native valve, anchor 30 and

replacement valve 20 become unsheathed. Immediately

the portion ofthe unsheathed anchor 30 dynamically self-

expands to its "at rest" position, and replacement valve

20 within the anchor regains an uncollapsed structure,

allowing it to begin to function. In preferred embodiments

in its "at rest" position, anchor 30 presses against the

native leaflets limiting blood from flowing in between the

anchor and leaflet. Also, in preferred embodiments, an-

chor 30 portions relatively adjacent to the valve is exter-

nally covered by a seal 60, more preferably the entire

exterior contour of anchor 30 excluding the leaflet en-

gagement elements is externally covered by a seal, or

more preferably the entire contour of anchor 30 including

the external face of the leaflet engagement elements is

externally covered by a seal. A seal can be composed

of any material that prevents or limits the flow of blood

through the anchor. in preferred embodiments, a seal is

composed of a thin, elastic polymer or any other type of

fabric. The seal can be attached by any means known in
the art to the anchor and, in some embodiments, to the
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distal end of the valve. in preferred embodiments, a seal

is attached to the anchor by suturing.

[0174] in Figure 52B, as the catheter is further pulled

proximally, the proximal end of anchor 30 and fingers 50

are unsheathed. in this embodiment, it is possible to vis-
ualizethatthe seal covers the entire contourofthe anchor

including the external face of the leaflet engagement el-

ement 70. As soon as the proximal end of the anchor is

exposed, it also dynamically expands. Furthermore,

when fingers 50 become exposed, replacement valve 20

begins to function permitting blood to flow through re-

placement valve 20, between fingers 50, and around the

catheter 600. This also permits blood to flow into the cor-

onary ostias. In other embodiments where the seal does

not coverthe proximal end ofthe anchor, the replacement

valve can begin to function as soon as the unsealed por-
tion of the anchor is unsheathed. This causes the leaflet

engagement elements 70 to radially expand to their heat

set position and engage with the native heart leaflets.

[0175] Next, Figure 52C, as the apparatus is actively

foreshortened using proximal (e.g., fingers) and/or distal

actuators (e.g., elements 55), the leaflet engagement el-

ements positively register with the native valve leaflets.

Foreshortening can cause seal 60 to bunch up and create

pleats. These pleats can then fill pockets thereby improv-

ing the paravalvular seal. in preferred embodiments,

wherein the leaflet engagement elements are covered

with a seal, at leasta portion ofthe seal is also positioned
between the native valve leaflets and the aortic wall.

Once the anchor is fully compressed within the aortic

valve, the anchor is locked, the fingers and post mandrels

are disengaged, and the seal is adapted to further limit

blood flow around the replacement valve. The catheter

is subsequently’withdrawn, leaving behind valve 20, seal

60 and anchor 70. When fully deployed, the anchor is

substantially distal to the coronary ostia of the patient

such that it will not interfere with blood flow through the
ostia.

[0176] Figures 53A—53B illustrate an embodiment

wherein only a distal portion anchor 30 is covered by seal

60 and wherein anchor 30 is only partially deployed since

the blood can escape through the proximal end of the
anchor braid. As anchor 30 in this embodiment is un-

sheathed, it presses against the native valve leaflets. At

this point replacementvalve 20 is functional even though

anchor 30 is not fully deployed since blood can escape

through the proximal end of the anchor braid. This allows

blood to flow through replacement valve 20 and out of

holes in the distal end of anchor 30 during systole (Figure

53A) while preventing backflow during diastole (Figure

53B).

[0177] Figures 54A—54B illustrate a similar embodi-
ment wherein seal 60 around anchor 30 surrounds the

entire contour of anchor 30. In this embodiment, valve
20 does not become functional until both anchor 30 and

a portion of fingers 50 are unsheathed. As soon as a

portion of fingers 50 is unsheathed, replacement valve

20 is fully functional. This allows blood to flow through
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replacement valve 20 and anchor 30, out of fingers 50,

and around catheter 60 into the aorta and coronary ostias

during systole. Similarly, during diastole, replacement

valve 20 closes preventing blood backflow from entering
the chamber.

[0178] in any of the embodiments herein the anchor is

preferably a self-expanding anchor braid. Anchor braid

of the present invention can be made from one or more

wires, more preferably 2-20 wires, more preferably 3-15

wires, or more preferably 4-10 wires. Moreover, the den-

sity of the braid can be modified by various forms of
weave used.

[0179] Figures 27-29 illustrate the process of forming

a pleated seal around a replacement valve to prevent

leakage. Figure 27 illusfrates a fabric seal 380 prior to

deployment and foreshortening of the anchor/valve ap-

paratus. in Figure 27, the fabric seal 380 extends from

the distal end of valve 20 proximally over anchor 30 dur-

ing delivery. During deployment, as illustrated in Figure
28, anchor 30foreshortens and thefabric seal 380 bunch-

es up to create fabric flaps and pockets that extend into

spaces formed by the native valve leaflets 382. The

bunched up fabric or pleats occur, in particular, when the

pockets are filled with blood in response to backflow

blood pressure. The pleating can create a seal around

the replacement valve. Figure 29 illustrates anchor 30,

surrounded by fabric seal 380 in between native valve

leaflets 382. in preferred embodiments, at leasta portion

of a seal is captured between the leaflets and the wall of

the heart when the anchor is fully deployed.

Claims

1. Apparatus for endovascularly replacing a patient’s

heart valve, the apparatus com prising:

an expandable cylindrical anchor (30) support-

ing a replacement valve (20),

the anchor (30) having a delivery configuration

and a deployed configuration, and

at least one sac (200) disposed about the exte-

rior of the anchor (30) to provide a seal.

The apparatus of claim 1, wherein the at least one

sac (200) is adapted to be filled with blood.

The apparatus ofanyofthe preceding claims,where—

in the at least one sac (200) is adapted to be filled

by blood washing past the at least one sac (200).

The apparatus ofanyofthe preceding claims,where—

in the at least one sac (200) comprises one or more

slots (202) that can be used to back-fill the at least

one sac with ambient blood passing through the re-

placement valve (20).

The apparatus ofanyofthe preceding claims,where—
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in the at least one sec (200) comprises one or more

pores (204) that can be used to fill the at least one

sac (200).

The apparatus ofanyofthe preceding claims, where-

in the at least one sac (200) is adapted to provide a

seal along an irregular interface between the native

valve leaflets and the anchor (30).

The apparatus ofanyofthe preceding claims, where-

in the at least one sec (200) is provided as a contin-

uous cylinder.

The apparatus ofanyofthe preceding claims, where-

in the at least one sac (200) is provided with a cylin-

drical shape.

The apparatus ofanyofthe preceding claims, where-

in sacs (200) are provided as discrete sacs at differ-

ent positions.

. The apparatus ofanyofthe preceding claims, where-

in the at least one sec (200) is adapted to be filled

with an appropriate material such as water, blood,

foam or a hydrogel.

. The apparatus ofanyofthe preceding claims, where-

in the at least one sac is a compliant sac.

. The apparatus ofanyofthe preceding claims, where-

in the expandable anchor (30) has a delivery length

inadelivery configurationthat is substantiallygreater

than a deployed length in a deployed configuration.

. The apparatus ofanyofthe preceding claims, where-

in the anchor (30) foreshortens during deployment.

. The apparatus ofanyofthe preceding claims, where-

in the delivery configuration is a oollapsed configu-

ration and the deployed configuration is an expanded

configuration.

. The apparatus ofanyofthe preceding claims, where-

in the anchor (30) se|f—expands from the delivery

configuration.

. The apparatus ofanyofthe preceding claims, where-

in the anchor (30) is balloon expandable.

. The apparatus ofanyofthe preceding claims, where-

in the apparatus is configured to be implanted at the
site of a diseased aortic valve.

umfasst:

eine expandierbare zylindrische Befestigung

(30), die eine Ersatzklappe st'Litzt, wobei die Be-

festigung eine Zufiihrkonfiguration und eine ein-

gesetzte Konfiguration hat, und

zumindest ein Beutel (200), der um die Aul3en-

seite der Befestigung (30) angeordnet ist, um

eine Abdichtung bereitzustellen.

Vorrichtung nach Anspruch 1, wobei der zumindest

eine Beutel (200) geeignet ist, um mit Blut gefiillt zu
werden.

Die Vorrichtung nach einem der vorhergehenden

Anspriiche, wobei der zumindest eine Beutel (200)

geeignet ist, um mit Blut gefiillt zu werden, das an

dem zumindest einen Beutel (200) vorbeigespiilt
wird.

Die Vorrichtung nach einem der vorhergehenden

Anspriiche, wobei der zumindest eine Beutel eine

oder mehrere Aussparungen (202) umfasst, die zum
F'Li||en des zumindest einen Beutels mit um die Er-

satzklappe (20) fliel3enden Blutes, verwendet wer-
den konnen.

Die Vorrichtung nach einem der vorhergehenden

Anspruche, wobei der zumindest eine Beutel (200)

eine oder mehrere Poren (204) umfasst, die zum Fill-

len des zumindest einen Beutels (200) verwendet
werden konnen.

Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei der zumindest eine Beutel (200)

ausgelegt ist, eine Abdichtung entlang einer irregu-

laren Oberflache zwischen den nativen Klappense—

geln und der Befestigung (30) bereitzustellen.

Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei der zumindest eine Beutel (200)

als durchgehender Zylinder bereitgestellt ist.

Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei der zumindest eine Beutel (200)

mit einer zylindrischen Form bereitgestellt ist.

Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei Beutel (200) als diskrete Beutel

an verschiedenen Positionen bereitgestellt sind.

. Die Vorrichtung nach einem der vorhergehenden

Anspriiche, wobei der zumindest eine Beutel (200)

ausgelegt ist, um miteinem geeigneten Material wie

Patentanspriliche beispielsweise Wasser, Blut, Schaumstoff oder ei-

nem Hydrogel gefiillt zu werden.

1. Vorrichtung zum endovaskularen Ersetzen der

Herzklappe eines Patienten, wobei die Vorrichtung 11. Die Vorrichtung nach einem der vorhergehenden

23
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Ansprtiche, wobei derzumindesteine Beutel ein fug-
samer Beutel ist.

. Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei die expandierbare Befestigung

(30) eine Zufiihrlange in einer Zuftihrkonfiguration

hat, die wesentlich grofSer istals die eingesetzte Lan-

ge in einer eingesetzten Konfiguration.

. Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei sich die Befestigung wahrend des
Einsetzens verktirzt.

. Die Vorrichtung nach einem der vorhergehenden

Anspriiche, wobei die Zuftihrkonfiguration eine ko|-

Iabierte Konfiguration und die eingesetzte Konfigu-

ration eine expandierte Konfiguration ist.

. Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei die Befestigung (30) aus der Zu-

ftihrkonfiguration selbstexpandiert.

. Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei die Befestigung (30) ba||oonex-

pandierbar ist.

. Die Vorrichtung nach einem der vorhergehenden

Ansprtiche, wobei die Vorrichtung ausgelegt ist, an

dem Ort einer erkrankten Aortenklappe implantiert
zu werden.

Revendications

1.

2.

3.

4.

Appareil pour remplacer par voie vasculaire une val-

vule cardiaque d’un patient, |’apparei| comprenant:

une ancre cylindrique (30) extensible soutenant

une valvule de remplacement (20), |’ancre (30)

ayant une configuration de livraison et une con-

figuration de déploiement, et

au moins une poche (200) disposée autour de

|’exterieurde |’ancre (30) pour assurer une étan—
chéité.

Appareil selon la revendication 1, dans lequel Iadite

poche (200) est apte é étre remplie de sang.

Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) est apte

a étre remplie par du sang baignant Iadite poche

(200).

Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) com-

prend une ou plusieursfentes (202) qui peuvent ser-

vir a remplir Iadite poche avec du sang ambiant tra-

versant Ia valvule de remplacement (20).
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Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) com-

prend une ou plusieurs pores (204) qui peuvent ser-

vir a remplir Iadite poche (200).

Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) estapte

a assurer une étanchéité Ie long d’une interface ir-

réguliere entre Ies cla pets naturels de valvule et |’an-

cre (30).

Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) est pro-

posée sous forme d’un cylindre continu.

Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) est dis-

posée avec une forme cylindrique.

Appareil selon |’une quelconque des revendications

précédentes, dans lequel des poches (200) sont dis-

posées en différents emplacements sous forme de

poches distinctes.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche (200) estapte

a étre remplie avec une matiere appropriee, par

exemple eau, sang, mousse ou un hydrogel.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel Iadite poche est une poche

souple.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel |’ancre (30) extensible a

une Iongueur de livraison dans sa configuration de

livraison qui est considerablement superieure a une

Iongueur déployée dans sa configuration déployée.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel |’ancre (30) se raccourcit

pendant son déploiement.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel la configuration de livrai-

son est une configuration affaissée et la configura-

tion déployée est une configuration dilatée.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel |’ancre (30) s’auto—di|ate a

partir de la configuration de livraison.

. Appareil selon |’une quelconque des revendications

précédentes, dans lequel |’ancre (30) peutse dilater

par ballonnet.

. Appareil selon |’une quelconque des revendications

précédentes, configure pour étre implanté a |'emp|a—
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cement d’une valvule aortique Iésée.
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