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(57) ABSTRACT 

Valve prosthesis systems and methods/systems for placement 
of such valve prostheses are provided that facilitate efficient, 
reliable and minimally invasive delivery modalities. The 
placement systems and methods permit remote manipulation 
and positioning of the valve prosthesis Such that desirable 
placement relative to anatomical structures, e.g., the heart 
annulus, may be achieved. The valve prosthesis includes a 
resilient ring, a plurality of leaflet membranes mounted with 
respect to the resilient ring, and a plurality of positioning 
elements movably mounted with respect to the flexible ring. 
The delivery system includes a first elongate element that 
terminates at the valve prosthesis and is manipulable by an 
operator to remotely rotate the positioning elements relative 
to the flexible ring. A second elongate element terminates at 
the valve prosthesis and is manipulable by an operator to 
remotely advance the valve prosthesis downward into an ana 
tomical annulus. The second elongate element may be 
manipulated to remotely advance the valve prosthesis into the 
anatomical annulus to assume a position for Supporting post 
implantation function of the valve prosthesis in situ. The first 
elongate element may be further manipulated to remotely 
rotate the positioning element relative to the flexible ring to 
cause the positioning element to engage tissue associated 
with the anatomical annulus and to thereby maintain the 
post-implantation position of the valve prosthesis in situ. 
Methods for valve prosthesis deployment are also provided. 
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SYSTEMS AND METHODS FOR PLACEMENT 
OF VALVE PROSTHESIS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of co 
pending provisional patent application entitled “Valve Pros 
thesis System' that was filed on Feb. 23, 2007 and assigned 
Ser. No. 60/902,988. The entire contents of the foregoing 
provisional application are incorporated herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. The present disclosure is directed to advantageous 
valve prosthesis systems and associated methods/systems for 
placement of a heart valve prosthesis and, more particularly, 
to deployment systems and methods for placement of a mitral 
valve prosthesis relative to a heart annulus. 
0004 2. Background Art 
0005 Heart valve regurgitation occurs when the heart 
valve does not close completely as a result of disease or 
injury. Mitral regurgitation due to ischemic and degenerative 
(prolapse) disease has been shown to contribute to left ven 
tricular dilation and dysfunction due to remodeling, and is 
associated with increased rates of cardiac events and death. 
Currently, malfunctioning heart valves may be replaced with 
biologic or mechanical prostheses through open-heart Sur 
gery with the attendant significant risk of death, stroke, infec 
tion, bleeding, and complications due to the use of general 
anesthesia and cardiopulmonary bypass. 
0006 Based on the success of percutaneous balloon val 
Vuplasty for mitral Stenosis, investigators have explored other 
alternative methods to treat valvular heart disease without 
surgery. For example, Cribier et al. describe a balloon-ex 
pandable stent to which a biologic valve prosthesis is sewn. 
(See, “Percutaneous Transcatheter Implantation of an Aortic 
Valve Prosthesis for Calcific Aortic Stenosis. Circulation, 
Dec. 10, 2002, pages 3006-3008.) The Cribier device is uti 
lized to treat calcific aortic stenosis. Bonhoefferetal. describe 
a similar stent approach with a bovine venous jugular) valve 
inserted to treat pulmonic valve disease. (See, “Percutaneous 
Insertion of the Pulmonary Valve.” Journal of the American 
College of Cardiology, Vol.39, No. 10, May 15, 2002, pages 
1664-1669.) Others are developing repair techniques for 
mitral valve disease that involve placing a clip on the mitral 
leaflets (U.S. Pat. No. 6,629,534), cinching the mitral annulus 
from the coronary sinus (U.S. Pat. No. 6,537.314), or deploy 
ing an inflatable heart Valve that is mechanically held in place 
(U.S. Pat. No. 5,554,185). 
0007 Norred (U.S. Pat. No. 6,482,228) discloses a percu 
taneous aortic valve replacement in which a heart Valve pros 
thesis having ribs and a circular elastomeric canopy is folded 
for insertion into a catheter for delivery to the implantation 
region without Surgery. Once in the ascending aorta, the body 
and leaflets of the heart valve prosthesis are opened like an 
umbrella by pulling on a central column of suture-like mem 
bers. Hinge joints are used to create a miniature umbrella. 
However, the aortic valve prosthesis is anchored using a stent 
system that is extended in the ascending aorta to anchor the 
valve in the aortic channel above the biologic aortic valve. 
The suture-like members used to open the umbrella structure 
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are deployed as part of the stent system. Such a design is not 
amenable to placement of the heart valve prosthesis at the 
location of the biologic valve. 
0008. Otherstented heart valve prostheses are described in 
the art in which the anchoring system is a passive one that 
requires either balloon expandable stents or a self-expanding 
stent design. For example, such stented designs are described 
in U.S. Pat. No. 6,454,799, US 2002/0138138, U.S. Pat. No. 
6,582,462, U.S. Pat. No. 6,458,153, U.S. Pat. No. 6,425,916, 
and U.S. Pat. No. 5,855,601. It will be appreciated that once 
these stented heart Valve prostheses are deployed, they cannot 
be repositioned, refolded, or easily removed. Furthermore, 
the rigidity of the stent as it is deployed in calcified positions 
may allow for regurgitation around the outside of the stent, as 
has been seen in the early aortic valve deployments which 
utilize this design. It is also difficult to position these designs 
as one has to inflate a balloon in a moving column of blood 
while the heart is beating and one only gets one chance to 
accurately deploy it. 
0009. An additional difficulty occurs when deploying a 
stented heart valve in an annulus that is not thickened by 
calcium. The stent design lends itself slightly better to the 
aortic position where the height of the annulus has been 
increased and the width thickened by the presence of calcium 
in calcific aortic Stenosis. However, when calcium is not 
present, as in other causes of aortic valve disease and in the 
mitral position, the stent may be difficult to anchor on the 
relatively thin annulus. Furthermore, the nature by which the 
stent folds on a balloon and then expands with plastic deform 
ability limits the ratio of its initial to final size such that it will, 
by necessity, have a fairly large profile making percutaneous 
insertion via catheter more difficult in a valve annulus with a 
large diameter that has not been reduced by calcium deposi 
tion. 

(0010 Herrmann et al. (US 2007/0016286) disclose a per 
cutaneously inserted bistable heart valve prosthesis that may 
be folded inside a catheter for delivery to the patient's heart 
for implantation. The heart Valve has an elastic annular ring, 
a body member having a plurality of legs, each leg connecting 
at one end to the annular ring, claws that are adjustable from 
a first position to a second position by application of external 
force So as to allow ingress of surrounding heart tissue into the 
claws in the second position, and leaflet membranes con 
nected to the annular ring, the body member and/or the legs. 
The disclosed leaflet membranes having a first position for 
blocking blood flow therethrough and a second position for 
allowing blood flow therethrough. The heart valve is designed 
such that upon removal of the external force, the claws elas 
tically revert to the first position so as to grip the heart tissue 
positioned within the claws, thereby holding the heart valve in 
place. The body member and claws may be integrated into a 
one-piece design. The heart Valve so designed may be used as 
a prosthesis for the mitral valve, aortic valve, pulmonary 
valve, or tricuspid valve by adapting the annular ring to fit in 
a respective mitral, aortic, pulmonary, or tricuspid valve 
opening of the heart. 
(0011 Machold et al. (US 2004/0127982) disclose an 
implant that is sized and configured to attach to the annulus of 
a dysfunctional heart valve. In use, the implant extends across 
the major axis of the annulus above and/or along the valve 
annulus. The implant reshapes the major axis dimension and/ 
or other Surrounding anatomic structures and is intended to 
restore a more functional anatomic shape and tension. 
Machold et al. contemplate a pair of struts that are joined by 
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a rail and that carry other structures to enhance the anchorage 
and stabilization of the implant in the heart valve annulus. The 
anchoring mechanisms may be located below the plane of the 
annulus to engage infra-annular heart tissue adjoining the 
annulus in the ventricle and/or may be located at or above the 
plane of the annulus, to engage tissue on the annulus or in the 
atrium. Machold et al. further disclose that the struts may be 
used to simply locate the implant in the valve, imparting little 
or no force on their own. In this arrangement, the annulus 
reshaping forces of the Machold design emanate from the 
rail(s) above the commissures. 
0012 Under image guidance, the Machold et al. strut on 
the leading end of the implant is freed from a sheath and 
seated retrograde in the posterior commissure of the valve 
annulus. Anchoring structures or mechanisms associated 
with the strut are also placed into contact with adjoining tissue 
below and/or above the plane of the annulus. As shown in 
FIG. 25B, the delivery catheter maintains force on the leading 
strut within the posterior commissure as the sheath is with 
drawn in line with the coaptation line in a posterior-to-ante 
rior direction along the coaptation line. Similar structures for 
positioning an implant relative to an annulus are disclosed by 
Vazquez et al. (U.S. Pat. No. 6,287.339) 
0013 Despite efforts to date, a need remains for an 
improved heart Valve prosthesis design that allows a low 
profile for insertion via a catheter but, in the absence of a 
balloon or stent, transforms to a large profile once deployed. 
A heart Valve prosthesis design is also desired that can be 
deployed, folded, removed, and then redeployed so as to 
increase the safety as well as the preciseness of prosthesis 
deployment. Still further, a need remains for heart valve pros 
thesis design(s) that may be effectively aligned and/or ori 
ented relative to the heart and, most desirably, is substantially 
self-aligning and/or self-orienting with respect thereto. Reli 
able and effective deployment systems and methods for such 
advantageous heart valve prostheses are also needed. 
0014. These and other needs are addressed by the dis 
closed prosthesis designs and deployment systems/method 
ologies, as will be apparent from the detailed description 
which follows. 

SUMMARY 

00.15 Valve prosthesis systems and methods/systems for 
placement of Such valve prostheses are disclosed herein. 
Exemplary deployment systems and methods for placement 
of a mitral valve prosthesis relative to a heart annulus are 
disclosed that facilitate efficient, reliable and minimally inva 
sive delivery modalities. The disclosed systems and methods 
permit remote manipulation and positioning of the valve 
prosthesis Such that desirable placement relative to anatomi 
cal structures, e.g., the heart annulus, may be achieved. 
0016. In an exemplary deployment method for implanting 
a valve prosthesis according to the present disclosure, the 
method involves providing a valve prosthesis including a 
resilient ring, a plurality of leaflet membranes mounted with 
respect to the resilient ring, and a plurality of positioning 
elements movably mounted with respect to the flexible ring. 
In addition, a first elongate element may be provided that 
terminates at the valve prosthesis and is manipulable by an 
operator to remotely rotate the positioning elements relative 
to the flexible ring. A second elongate element may be pro 
vided that terminates at the valve prosthesis and is manipu 
lable by an operator to remotely advance the valve prosthesis 
downward into an anatomical annulus. The first elongate 
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element may be manipulated so as to remotely rotate the 
positioning elements relative to the flexible ring. In addition, 
the second elongate element may be manipulated to remotely 
advance the valve prosthesis into the anatomical annulus to 
assume a position within the anatomical annulus Suitable for 
Supporting post-implantation function of the valve prosthesis 
in situ. The first elongate element may be further manipulated 
to remotely rotate the positioning element relative to the 
flexible ring to cause the positioning element to engage tissue 
associated with the anatomical annulus and to thereby main 
tain the post-implantation position of the valve prosthesis in 
situ. In exemplary embodiments, the first elongate element 
includes one or more filaments and the second elongate ele 
ment is a delivery tube. 
0017. The present disclosure also advantageously pro 
vides a delivery system for percutaneous delivery of a valve 
prosthesis. Exemplary delivery systems are adapted for 
placement of a valve prosthesis that includes a flexible ring, a 
plurality of leaflet members mounted with respect to the 
flexible ring, and a plurality of positioning elements (i) 
mounted with respect to the flexible ring for engaging tissue 
at an anatomical location, and (ii) rotatable relative to the 
flexible ring to facilitate delivery and implantation of the 
valve prosthesis. A first elongate element may be provided 
that defines an internal lumen for accommodating a guide 
wire, the first elongate element being detachably mounted 
with respect to the valve prosthesis and manipulable by an 
operator to remotely position the valve prosthesis with 
respect to tissue at the anatomical location. 
0018. The delivery system may further include one or 
more second elongate elements that are manipulable by an 
operator to remotely rotate the plurality of positioning ele 
ments with respect to the flexible ring. A third elongate ele 
ment is also generally provided that is manipulable by an 
operator to remotely decouple the first elongate element from 
the valve prosthesis after implantation thereof. For purposes 
of being so manipulated, each of the second elongate element 
and the third elongate element are typically adapted to trans 
late with respect to the first elongate element when at least 
partially disposed together with the first elongate element 
within a central lumen of a delivery catheter. 
0019. The first elongate element may take the form of a 
delivery tube and the second elongate element may take the 
form of a flexible cable. The flexible cable is generally at least 
partially contained within the delivery tube. The third elon 
gate element may take the form, in whole or in part, of a 
flexible sleeve, and the delivery tube may be at least partially 
contained within the flexible sleeve. Exemplary third elon 
gate elements of the present disclosure terminate in a tool 
capable of coupling the first elongate element and the valve 
prosthesis together. The third elongate element may be 
manipulable to decouple the first elongate element from the 
valve prosthesis at least in part by rendering the tool incapable 
of continuing to couple the first elongate element and the 
valve prosthesis. 
0020. The third elongate element may also be manipulable 
to decouple the first elongate element from the valve prosthe 
sis by removing the tool from a corresponding interface 
between the first elongate element and the valve prosthesis. 
An exemplary tool at least partially Surrounds a correspond 
ing portion of the valve prosthesis and is operable to engage 
and hold the corresponding portion against the first elongate 
element. The tool may take the form of a force-bearing loop of 
a flexible cable. Thus, the tool may be adapted to at least 
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partially Surround a corresponding portion of the first elon 
gate element and be operable to engage and hold the corre 
sponding portion against the valve prosthesis. An exemplary 
tool is a collar and the corresponding portion of the first 
elongate element is a finger. In Such exemplary arrangement, 
the finger may be associated with a spring bias and be adapted 
to engage the valve prosthesis upon the collar overcoming the 
spring bias. 
0021. In further exemplary embodiments of the present 
disclosure, the third elongate element terminates in a tool 
capable of preventing the first elongate element and the valve 
prosthesis from becoming decoupled. The third elongate ele 
ment may be manipulable to decouple the first elongate ele 
ment from the valve prosthesis at least in part by rendering the 
tool incapable of continuing to prevent the first elongate ele 
ment and the valve prosthesis from becoming decoupled. The 
tool may be at least partially Surrounded by a corresponding 
portion of the first elongate element and be operable to block 
movement of the corresponding portion away from the valve 
prosthesis. In an exemplary arrangement, the tool takes the 
form of a collar and the corresponding portion of the first 
elongate element is a finger, the finger being associated with 
a spring bias and being adapted to disengage the valve pros 
thesis when the collar no longer blocks movement of the 
finger away from the valve prosthesis and upon a concurrent 
defeat of the spring bias. The third elongate element may be 
manipulable to decouple the first elongate element from the 
valve prosthesis at least in part by removing the collar from 
the vicinity of the finger. 
0022 Exemplary delivery systems of the present disclo 
Sure may also include a third elongate element that defines a 
flexible cable extending upward from the force-bearing ring 
and extending alongside the first elongate element. Such third 
elongate element may be manipulable to decouple the first 
elongate element from the valve prosthesis at least in part by 
employing the flexible cable to pull the collar away from a 
vicinity of the finger. The third elongate element may include 
a flexible cable terminating in a loop in a vicinity of the valve 
prosthesis for transmitting a force to at least one of the first 
elongate element and the valve prosthesis. The flexible cable 
may be adapted to transmit a coupling force, whereby the 
associated loop engages the valve prosthesis for pulling the 
valve prosthesis against the first elongate element, and 
wherein the third elongate element is manipulable to 
remotely decouple the first elongate element from the valve 
prosthesis via an operator withdrawing the coupling force, 
such that the loop of the flexible cable is caused to cease so 
engaging the valve prosthesis. 
0023 The disclosed flexible cable may be adapted to 
transmit a decoupling force, whereby the loop engages a 
coupling element of the first elongate element for pulling the 
coupling element away from a corresponding coupling ele 
ment of the valve prosthesis. The third elongate element may 
be manipulable to remotely decouple the first elongate ele 
ment from the valve prosthesis via an operator applying the 
decoupling force, such that the loop of the flexible cable is 
caused to engage the coupling element. Exemplary third elon 
gate elements of the present disclosure terminate in a dis 
placeable ring at least partially Surrounding the first elongate 
element in a vicinity of the valve prosthesis. The displaceable 
ring is generally effective to maintain the first elongate ele 
ment and the valve prosthesis in coupled engagement. The 
third elongate element may further include a flexible sleeve 
extending upward from the force-bearing ring and at least 
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partially Surrounding the first elongate element. The displace 
able ring is typically effective to prevent the first elongate 
element and the valve prosthesis from being disengaged. The 
third elongate element may further include a flexible cable 
extending upward from the displaceable ring and extending 
alongside the first elongate element. 
0024 Exemplary embodiments of the present disclosure 
further provide a tool for facilitating percutaneous delivery of 
a valve prosthesis to an anatomical location. Exemplary tools 
include a body defining a longitudinal axis, a distal end dis 
posed on the longitudinal axis, and a proximal end disposed 
on the longitudinal axis opposite the distal end A first actuator 
may be mounted with respect to the body at one of the distal 
end thereof and the proximal end thereof The first actuator is 
generally configured to receive and engage a first elongate 
element manipulable to remotely rotate a positioning element 
associated with a valve prosthesis. The first actuator is also 
generally reciprocally actuatable with respect to the body for 
manipulating the first elongate element by causing the first 
elongate element to translate with respect to a delivery tube 
along the longitudinal axis. 
0025. The disclosed tool also generally includes a second 
actuator mounted with respect to the body at the other of the 
distal end thereof and the proximal end thereof The second 
actuator is typically configured to receive and engage a sec 
ond elongate element manipulable to remotely detach the 
delivery tube from the valve prosthesis and is reciprocally 
actuatable with respect to the body for manipulating the sec 
ondelongate element by causing the second elongate element 
to translate with respect to the delivery tube along the longi 
tudinal axis. Exemplary tools of the present disclosure may 
further include a delivery tube detachably coupled to the 
valve prosthesis and defining an internal lumen for accom 
modating a guide wire. The disclosed tool is particularly 
adapted for placement of a valve prosthesis that includes a 
flexible ring, a plurality of leaflet members mounted with 
respect to the flexible ring, and a plurality of positioning 
elements (i) mounted with respect to the flexible ring for 
engaging tissue associated with the anatomical structure and 
(ii) rotatable relative to the flexible ring to facilitate delivery 
and implantation of the valve prosthesis. 
0026. Additional features, functions and benefits of the 
disclosed delivery systems and methods will be apparent 
from the description of exemplary embodiments which fol 
low, particularly when read in conjunction with the appended 
figures. 

BRIEF DESCRIPTION OF THE FIGURES 

0027. To assist those of ordinary skill in the art in making 
and using the disclosed valve prosthesis system and associ 
ated deployment systems/methods, reference is made to the 
accompanying figures wherein: 
0028 FIG. 1 is a downward perspective of an exemplary 
valve prosthesis system according to the present disclosure; 
0029 FIG. 2 is a partially-sectional side view of an exem 
plary valve prosthesis system according to the present disclo 
Sure positioned relative to a heart annulus; 
0030 FIG. 3A is a side view of an exemplary prosthesis 
system according to the present disclosure, wherein an exem 
plary heart valve prosthesis is positioned within an exemplary 
delivery structure; 
0031 FIG. 3B is a partially-sectional side view of the 
exemplary prosthesis system of FIG. 3A, also shown posi 
tioned within the exemplary delivery structure; 
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0032 FIGS. 4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H, and 4I are 
schematic views illustrating percutaneous placement of a 
heart valve prosthesis relative to an annulus according to an 
exemplary embodiment of the present disclosure; 
0033 FIGS.5, 6, and 7 are schematic perspective views of 
variations of a positioning element according to the present 
disclosure; 
0034 FIGS. 8, 9, 10, 11 and 12 are schematic side eleva 
tional and perspective views of variations of a prosthetic heart 
valve in accordance with the present disclosure; 
0035 FIGS. 13 and 14 are respective side and views of a 
flexible ring according to the present disclosure; 
0036 FIG. 15 is a schematic side view of an exemplary 
valve prosthesis contained within a delivery catheterinaccor 
dance with the present disclosure; 
0037 FIGS. 16, 17, 18, 19 and 20 are sequential side views 
of an exemplary valve prosthesis being outwardly deployed 
from within a delivery catheter in accordance with the present 
invention; 
0038 FIG. 21 is a schematic perspective view of a varia 
tion of a valve prosthesis system in accordance with the 
present disclosure; 
0039 FIG.22 is a schematic perspective view of a folded/ 
compressed valve prosthesis of the valve prosthesis system of 
FIG. 21; 
0040 FIG. 23 is a side view of a deployed valve prosthesis 
of the valve prosthesis system of FIG. 21; 
0041 FIG. 24 is a cutaway detail view of the deployed 
valve prosthesis of FIG. 23; 
0042 FIG.25 is a schematic perspective view of a folded/ 
compressed valve prosthesis in accordance with the present 
disclosure; 
0043 FIG. 26 is a side view of a deployed valve prosthesis 
of the valve prosthesis system of FIG.25: 
0044 FIG. 27 is a cutaway detail view of the deployed 
valve prosthesis of FIG. 26: 
0045 FIG. 28 is a schematic perspective view of a varia 
tion of a valve prosthesis system in accordance with the 
present invention; 
0046 FIG. 29 is a side elevational view of a valve pros 
thesis of the valve prosthesis system of FIG. 28; 
0047 FIG.30 is a perspective view of a cable guide tube of 
the valve prosthesis system of FIG. 28; 
0048 FIG. 31 is an end view of a valve prosthesis of the 
valve prosthesis system of FIG. 28; 
0049 FIG.32 is a sectional side view of a valve prosthesis 
of the valve prosthesis system of FIG. 28 taken along section 
line 32-32 appearing in FIG. 31; 
0050 FIG.33 is a perspective view of a resilient element 
in the valve prosthesis illustrated in FIG. 32: 
0051 FIG.34 is an end view of the valve prosthesis system 
of FIG. 28: 
0052 FIG.35 is a sectional side view of a tool of the valve 
prosthesis system of FIG. 28 taken along section line 35-35 
appearing in FIG. 34: 
0053 FIG. 36 is a sectional side view of part of the tool of 
the valve prosthesis system of FIG. 28 taken along section 
line 35-35 appearing in FIG.35; and 
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0054 FIG.37 is a sectional side view of another part of the 
tool of the valve prosthesis system of FIG. 28 taken along 
section line 35-35 appearing in FIG. 35. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENT(S) 

0055 Advantageous valve prosthesis systems and deploy 
ment systems/methods are provided according to the present 
disclosure. The disclosed systems and methods permit Sur 
geons/clinicians to improve heart valve function without 
invasive Surgical intervention. Indeed, the disclosed valve 
prosthesis systems permit a heart Valve prosthesis to be per 
cutaneously delivered to a desired anatomical location. Once 
located in the desired anatomical region/locale, the disclosed 
valve prosthesis system facilitates secure and aligned place 
ment of a heart valve prosthesis relative to a heart annulus. 
Percutaneous delivery of the disclosed heart valve prosthesis 
as disclosed herein provides for efficient and effective clinical 
placement of a heart valve prosthesis. The disclosed heart 
valve prosthesis and associated delivery techniques offer 
numerous clinical benefits, including enhanced valve func 
tion without the need to remove existing valve leaflets, an 
ability to effectively and efficiently deliver a valve prosthesis 
percutaneously, and an ability to position and reposition a 
valve prosthesis relative to an annulus to ensure proper ori 
entation relative to anatomical features. 
0056. With initial reference to FIG. 1, an exemplary valve 
prosthesis system 100 is schematically depicted. The valve 
prosthesis system 100 includes a heart valve prosthesis 102 
and a delivery structure 104. The valve prosthesis 102 
includes a flexible ring 106. Mounted with respect to the 
flexible ring 106 are a plurality of leaflet membranes 108, a 
valve skirt 110, and a resilient element 112. The resilient 
element 112 may include a hub 114 and a plurality of legs 
116, each of the legs 116 extending from the hub 114 (e.g., in 
a regular radial arrangement, as shown in FIG. 1) and being 
movably mounted with respect to the flexible ring 106 via 
individual ones of a corresponding plurality of mounting 
elements 118. The valve prosthesis 102 may further include a 
corresponding plurality of positioning elements 120, each 
Such positioning element 120 being attached to one of the legs 
116 of the resilient element 112. 
0057. As shown in the exemplary embodiment of FIG. 1, 
the valve prosthesis 102 may include three (3) leaflet mem 
branes 108, each leaflet membrane 108 assuming an inwardly 
bowed orientation when mounted with respect to the flexible 
ring 106. More or fewer of the leaflet membranes 108 may be 
employed without departing from the spirit or scope of the 
present disclosure, provided the desired blood flow function 
ality is achieved. The leaflet membranes 108 may be fabri 
cated from Xenograft tissue, e.g., the valve leaflets may be 
fabricated from standard biologic or artificial prosthetic 
material. Such as cryo-or chemically-preserved bovine peri 
cardium or porcine heart valve tissue. Synthetic membrane 
materials may also be employed in the fabrication of the 
leaflet membranes 108, e.g., fiber-reinforced matrix materi 
als. The leaflet membranes 108 may be secured with respect 
to the flexible ring 106 through conventional means, e.g., 
creation of an annulus and/or cuff that Surrounds, in whole or 
in part, the flexible ring 106 such that each of the plurality of 
leaflet membranes 108 extends downwardly with respect to 
the flexible ring 106. 
0058. With further reference to FIG. 1, the valve skirt 110 
may extend to a full extent of the flexible ring 106, e.g., to a 
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full extent of the circumference of the flexible ring 106. The 
valve skirt 110 may be formed from a single, contiguous 
structure, or may be defined by a plurality of adjacent and/or 
overlapping elements that, together, extend along the circum 
ference of flexible ring 106. According to exemplary embodi 
ments of the present disclosure, the valve skirt 110 may be 
sutured with respect to the flexible ring 106. Alternatively, a 
cuffmay beformed at an edge of the valve skirt 110, such cuff 
being adapted to receive the flexible ring 106 therewithin. The 
cuffmay extend along the entire edge of the valve skirt 110 or 
may be defined at discrete intervals along the length of the 
valve skirt 110, such that the valve skirt 110 is mounted with 
respect to the flexible ring 106 at spaced intervals. The valve 
skirt 110 may be fabricated from a variety of substantially 
flexible and/or pliable materials, e.g., Xenographic tissue or a 
synthetic material that is compatible with blood flow, e.g., a 
non-thrombogenic material. Indeed, in an exemplary 
embodiment of the present disclosure, the valve skirt 110 and 
the leaflet membranes 108 may be fabricated as integral/ 
contiguous structures, e.g., from a desired Xenographic and/ 
or synthetic material, and Such integral/continuous structure 
may be advantageously mounted with respect to the flexible 
ring 106 such that the functionalities of both elements (i.e., 
leaflet membrane functionality and valve skirt functionality) 
are achieved. 

0059. The thickness of the valve skirt 110 may be substan 
tially uniform from edge-to-edge or may vary along its 
length. For example, in an exemplary embodiment of the 
present disclosure, it is contemplated that the valve skirt 110 
would be thicker in a region thereof adjacent the flexible ring 
106 and thinner in a region thereof relatively more distant 
from the flexible ring 106, thereby enhancing the flexibility of 
the valve skirt 110 in the latter region to provide more effec 
tive sealing functionality relative to adjacent anatomical 
structures/tissue. The thicker region adjacent the flexible ring 
106 may serve to reduce the likelihood of the valve skirt 110 
disengaging from the flexible ring 106. 
0060 Although the exemplary embodiment of FIG. 1 
depicts the valve skirt 110 extending in a single direction 
relative to the flexible ring 106, i.e., downward, it is contem 
plated according to the present disclosure that the valve skirt 
110 may extend both upwardly and downwardly relative to 
the flexible ring 106. In some such implementation of the 
valve skirt 110, the attachment means for securing the valve 
skirt 110 relative to the flexible ring 106 would not necessar 
ily be located at an edge thereof. Rather, such attachment 
means, e.g., cuff(S) and/or Suturing, may be positioned along 
an intermediate line/region of the valve skirt 110. In this way, 
a first portion of the valve skirt 110 would be free to extend 
above the flexible ring 106, and a second portion of the valve 
skirt 110 would be free to extend below the flexible ring 106. 
Both portions of the valve skirt 110, i.e., the portions above 
and below the flexible ring 106, would advantageously func 
tion to seal the valve prosthesis 102 relative to a patient’s 
anatomy when the valve prosthesis 102 is deployed relative 
thereto, as described in greater detail below. Of note, a portion 
of the valve skirt 110 extending above the flexible ring 106 
may include a notch or discontinuity to accommodate struc 
tures associated with the positioning elements 120, as 
described in greater detail below. The valve skirt 110 may 
have a downward length that is effective to achieve a desired 
level of sealing relative to Surrounding anatomical structures. 
For Example, the valve skirt 110 may have a downward 
length of about five (5) millimeters to about fifteen (15) 

Aug. 28, 2008 

millimeters relative to the flexible ring 106. Similar dimen 
sions are contemplated for the upward extending portion of 
the valve skirt 110 in implementations wherein the valve skirt 
110 extends both above and below the flexible ring 106. 
0061 For greater security/stability, the valve skirt 110 
may be tacked or otherwise secured in at least Some manner 
relative to the resilient element 112 (e.g., to one or more of the 
legs 116 of the resilient element 112). In an alternative 
embodiment, the valve skirt 110 may be positioned radially 
outward of the positioning elements 120. 
0062. As shown in FIG. 1, the resilient element 112 may 
include three (3) legs 116 mounted in a circumferentially 
spaced manner with respect to the flexible ring 106 via the 
mounting elements 118. Each leg 116 may be configured or 
adapted to include or assume an arcuate shape or bend in the 
vicinity of the flexible ring 106. The legs 116 may be spaced 
by about 120° relative to each other, although an alternative 
number and/or spacing of the legs 116 may be employed 
without departing from the spirit or scope of the present 
disclosure. The mounting elements 118 may be of any suit 
able shape, design, configuration, and/or attachment tech 
nique relative to the legs 116 to permit rotational and/or 
overturning motion of the legs 116 relative to the hub 114, 
and/or relative to the flexible ring 106. For example, the 
mounting elements 118 may be substantially C-shaped, and/ 
or tube shaped. The mounting elements 118 may, for 
example, be affixed to respective undersides of the legs 116 
(e.g., within an arcuate or bent portion thereof) through an 
appropriate mounting technique, e.g., a tack Weld. 
0063 Returning to the potential interplay between the legs 
116 of the resilient element 114 and the valve skirt 110, the 
mounting elements 118 may overlay the valve skirt 110 to the 
extent that the valve skirt 110 is secured to the flexible ring 
106 in such circumferential region. Further, the valve skirt 
110 may be tacked, adhered or otherwise joined to the under 
side of one or more of the legs 116 where the same extend over 
the valve skirt 110. 

0064. With further reference to FIG. 1, each of the posi 
tioning elements 120 may be shaped, configured, and/or oth 
erwise adapted to engage tissue, and/or to position the valve 
prosthesis 102 relative to tissue. For example, each position 
ing element 120 may define an outer Surface 122, an inner 
Surface 124 opposite the outer Surface 122, an upper arcuate 
region 126, and a lower arcuate region 128 opposite the upper 
arcuate region 126. Each of the positioning elements 120 may 
be coupled (e.g., fixedly joined) to a corresponding leg 116 of 
the resilient element 112, e.g., through a weld between the 
inner surface 124 of the positioning element 120 a corre 
sponding outer Surface of the leg 116. The positioning ele 
ments 120 may be dimensioned Such that the upper arcuate 
regions 126 thereof extend above the flexible ring 106 (e.g., 
when the valve prosthesis 102 assumes the orientation 
depicted in FIG. 1). The upper and lower arcuate regions 126, 
128 of the positioning elements 120 may be spaced by a 
distance that facilitates positioning of the valve prosthesis 
102 relative to a heart annulus, as described in greater detail 
below. For example, the upper and lower arcuate regions 126, 
128 may be spaced by between about seven (7) millimeters 
and about twenty-five (25) millimeters. The positioning ele 
ments 120 and the legs 116 may be fabricated from a material 
that permits at least some degree of flexibility/deformation 
(e.g., elastic deformation). Such as stainless steel or Nitinol of 
an appropriate thickness/gauge. Other materials for the posi 
tioning elements 120 and/or the legs 116 are possible. 
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0065. The lower arcuate regions 128 of the positioning 
elements 120 may include a pair of spaced apertures 130, 132. 
The delivery structure 104 may include a plurality of fila 
ments or cords 134, each cord 134 being threaded through a 
positioning element 120 via the pair of spaced apertures 130, 
132 formed therein, such that separate lengths 136 of the cord 
134 extend away from the apertures 130, 132 and radially 
inwardly toward the hub 114 of the resilient element 112. As 
may be more clearly seen in FIG. 2, the hub 114 of the 
resilient element 112 may include one or more lumen(s) 200 
(e.g., a centrally-located lumen 200), the delivery structure 
104 may include a delivery tube 202 having one or more 
corresponding lumens 204 (e.g., an axially located lumen), 
and the lengths 136 of the cords 134 may pass from the 
respective lower arcuate regions 128 of the positioning ele 
ments 120 toward the hub 114, into and through the lumen 
200 thereof, and into and through the lumen 204 of the deliv 
ery tube 202. Such lengths 136 of the cords 134, and/or such 
routing of such lengths 136 of such cords 134 from the lower 
arcuate regions 128 of the positioning elements 120 and via 
the hub 114 and/or the delivery tube 202, may facilitate 
deployment of the valve prosthesis 102 relative to an annulus 
and/or associated heart tissue. 

0066. The delivery tube 202 may be flexible, and the 
lumen or lumens 204 may accommodate passage of a plural 
ity of lengths 136 of cords 134. In the exemplary embodiment 
of FIGS. 1 and 2, three (3) positioning elements 120 are 
associated with the valve prosthesis 102 and each positioning 
element 120 interacts with a separate cord 134. Thus, the 
respective lumen(s) 200, 204 of the hub 114 and the delivery 
tube 200 may be appropriately sized and/or of an appropriate 
number to accommodate least six (6) separate lengths 136 of 
cords 134, based on the looping of each cord 134 through a 
pair of spaced apertures 130, 132 formed at or near the respec 
tive lower arcuate regions 128 of the positioning elements 
120. 

0067. As is also apparent from the cross-sectional view of 
FIG. 2, the legs 116 of the resilient element 112 may coop 
erate with the hub 114 thereof and/or with the flexible ring 
106 to provide stability to the valve prosthesis 102, e.g., 
during the deployment process, and/or during the useful life 
of the valve prosthesis 102 in situ. The structural interaction 
between the legs 116 and the flexible ring 106, and/or 
between the legs 116 and the hub 114, permits a surgeon/ 
clinician to utilize the lengths 136 of the cords 134 and the 
delivery structure 104 to remotely operate the valve prosthe 
sis 102 (e.g., to remotely move/rotate the legs 116 relative to 
the flexible ring 106 and/or relative to the hub 114). Each of 
the legs 116 may, for example, include one or more joints 
along its respective length (e.g., one or more living hinges at 
or near a mid-point thereof) to facilitate collapse of valve 
prosthesis 102 for catheter-based delivery thereofIn embodi 
ments in accordance with the present disclosure, one or more 
Such joints may store energy so as to facilitate the delivery of 
a spring force to expand the flexible ring 106 to a full diameter 
thereof (or at least a substantial fraction thereof), or assist in 
an otherwise substantially self-powered expansion thereof, 
upon deployment of the valve prosthesis 102 in situ. In 
embodiments in accordance with the present disclosure, one 
or more Such joints may further store energy so as to urge the 
positioning elements 120 radially outward (e.g., toward 
secure engagement with corresponding tissue, and/or radially 
outward from a compressed shape associated with intra-cath 
eter delivery). According to at least some exemplary embodi 
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ments of the present disclosure, three (3) legs 116 may extend 
from the hub 114, such that the resilient element 112 assumes 
a tripod-type shape for expanding and/or Supporting the 
valve prosthesis 102 (e.g., helping the flexible ring 106 to 
assume and/or maintain a shape consistent with the intended 
function of the valve prosthesis 102, and/or to urge the posi 
tioning elements 120 radially outward) during deployment 
and/or while implanted in situ. 
0068. With further reference to FIG. 2, the valve prosthesis 
102 of the valve prosthesis system 100 is depicted in align 
ment and engagement with an heart valve annulus 'A' and a 
heart wall “W'ofapatient. The valve prosthesis 102 is further 
shown displacing heart valve leaflet structure “V” (e.g., the 
valve prosthesis 102 is implanted within the annulus A for 
purposes of providing the valve function for which the valve 
leaflet structure V is no longer well suited). The annulus A is 
depicted in an enlarged and symmetric fashion for ease of 
description. The actual geometric and dimensional details of 
the relevantanatomical structures are well known to persons 
skilled in the art. As shown in FIG.2, each of the upperarcuate 
regions 126 of the respective positioning elements 120 may 
be positioned advantageously so as to engage a corresponding 
part of an upper portion of the annulus A. In this fashion, at 
least, the positioning elements 120 may be employed in coop 
eration with each other to align the valve prosthesis 102 
relative to the annulus A. As also shown in FIG.2, each of the 
lower arcuate regions 128 may be positioned advantageously 
So as to engage a corresponding part of the wall W below the 
annulus A. In this fashion, at least, the positioning elements 
120 may be employed in cooperation with each other to 
stabilize and secure the valve prosthesis 102 relative to the 
overall anatomical environment. 

0069. In the event the surgeon/clinician is or becomes 
dissatisfied with the position/orientation of valve prosthesis 
102 relative to the annulus A or the wall W. or has or develops 
Some other concern or uncertainty with respect to the deploy 
ment of the valve prosthesis 102, he/she may deflect the lower 
arcuate regions 128 of the positioning elements 120 inward 
by pulling or otherwise manipulating or moving the respec 
tive lengths 136 of the cords 134 a sufficient extent radially 
inwardly and/or upwardly through the hub 114 and the deliv 
ery tube 202 to cause the lower arcuate regions 128 of the 
positioning elements 120 to disengage from the wall W. The 
Surgeon/clinician may then reposition the structure of the 
valve prosthesis 102 relative to the overall anatomical envi 
ronment by pulling, pushing, or otherwise manipulating or 
moving the delivery tube 202 to a desired extent with respect 
to the delivery catheter (not separately shown). Such manipu 
lation may, for example, be translated to the valve prosthesis 
102 via the hub 114 and the legs 116 of the resilient element 
112. In accordance with embodiments of the present disclo 
sure, after delivering the valve prosthesis 102 to the position 
with respect to the annulus A shown in FIG. 2, the surgeon/ 
clinician may elect to pull the valve prosthesis 102 at least 
partially back upward, causing the lower arcuate regions 128 
of the positioning elements to engage a corresponding part of 
a lower portion of the annulus A, and/or to engage the heart 
valve leaflet structure V, which in at least some instances 
results in the valve prosthesis 102 to be lodged and/or 
anchored in a particularly secure fashion within the annulus 
A 

0070. Once satisfied with the position of the valve pros 
thesis 102 relative to the annulus A and/or the wall W, the 
surgeon/clinician may withdraw the cords 134 from the valve 
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prosthesis 102 through the delivery tube 202 by pulling out 
ward on one length 136 thereof to a sufficient extent while 
leaving the other length 136 loose. The Surgeon/clinician may 
further withdraw the remainder of the delivery structure 104 
from the valve prosthesis 102 by separating the delivery tube 
202 from the hub 114 of the resilient element 112. Means for 
disconnecting the delivery tube 202 from the hub 114 may 
take a variety of forms, e.g., a screw thread arrangement at the 
end of the delivery tube 202 that may be disengaged from a 
corresponding socket associated with the hub 114. Still fur 
ther (e.g., alternative) connection and/or disconnection 
means are possible, including bayonet lock mechanisms, 
detent engagement mechanisms, and the like, at least some of 
which are further described hereinbelow. 

0071 Tissue-engaging features, e.g., barbs, tacks or the 
like, may be formed on, in, and/or through one or more 
tissue-engaging Surfaces of the respective positioning ele 
ments 120. For example, such features may be formed on the 
outer Surface 122 of the positioning elements 120, e.g., within 
the upper and/or lower arcuate regions 126, 128. Addition 
ally, Surface treatments and/or adjunct structures may be 
associated with the positioning elements 120 to promote tis 
Sue in-growth, thereby further enhancing the stability/secu 
rity of an implanted valve prosthesis according to the present 
disclosure. For example, a biologic coating and/or a material 
or fabric that promotes tissue in-growth, e.g., DACRONTM 
material, may be applied to a desired portion/region of the 
respective outer surfaces 122 of the positioning elements 120. 
0072 The disclosed valve prostheses and valve prosthesis 
systems and methods have applicability in a variety of ana 
tomical regions, e.g., as a prosthesis for the mitral valve, 
aortic valve, pulmonary valve, or tricuspid valve. Embodi 
ments of the disclosed valve prosthesis have particular appli 
cability for mitral valve applications. Depending on the 
desired clinical application, the valve prosthesis system 100 
and/or the valve prosthesis 102 may be sized and dimen 
Sioned to accommodate Such use by adapting the annular ring 
to fit in the requisite anatomical space, e.g., a mitral, aortic, 
pulmonary, or tricuspid valve opening of the heart. 
0073 Turning to FIGS. 3A and 3B, the heart valve pros 
thesis 102 may assume a collapsed configuration within a 
lumen 300 of a catheter 302. Additionally, the positioning 
elements 120 may be substantially inverted, e.g., rotated 
approximately 180° relative to the flexible ring 106 to which 
they are mounted and relative to the hub 114 of the resilient 
element 112, as compared to the relative positions or orien 
tations the positioning elements 120 may tend to occupy with 
respect to Such structure (e.g., as shown in FIG. 1) when not 
being Subjected to the application of opposing outside forces. 
The flexible ring 106 may also be substantially deformed and 
the legs 116 of the resilient element 112 may be deflected so 
as to permit the valve prosthesis 102 to fit within the catheter 
302. In this inverted orientation, the upper and lower arcuate 
regions 126, 128 associated with the respective positioning 
elements 120 may be inwardly directed toward the delivery 
tube 202. In an exemplary embodiment of the present disclo 
sure, the upper and lower arcuate portions 126, 128 of the 
respective positioning elements 120 may be associated with 
and/or terminate in respective tips 304, 306, and such tips 
304, 306 may feature cut-outs (not shown in FIGS. 3A and 
3B), e.g., arcuate notches, such cut-outs being adapted to 
cooperate with a Substantially cylindrical geometry of the 
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delivery tube 202 when the positioning elements 120 are in 
the substantially inverted orientations depicted in FIGS. 3A 
and 3B. 

0074 Turning to FIGS. 4A-4I, an exemplary sequence of 
steps for percutaneously delivering and positioning the dis 
closed valve prosthesis 102 in a desired anatomical location 
are schematically depicted. As shown in FIGS. 4A-4C, the 
valve prosthesis 102 may be navigated to the desired anatomi 
cal location, e.g., adjacent a mitral valve, aortic valve, pull 
monary valve, or tricuspid valve, within a delivery catheter 
400 having a distal end 402. In accordance with embodiments 
of the present disclosure, the valve prosthesis 102 may be 
delivered to the mitral valve cavity transseptally or by direct 
venous or arterial delivery to the aortic valve, pulmonary 
valve, or tricuspid valve cavities. In exemplary embodiments, 
the valve prosthesis may be navigated to a desired location 
using a guide wire (not shown) that cooperates with a corre 
sponding guide wire lumen (not shown) formed in or other 
wise present within the delivery catheter 400. The valve pros 
thesis 102 may be advanced through the delivery catheter 400 
along an associated guide wire in a collapsed/inverted orien 
tation (by being pushed, for example, by the delivery tube 
202) to the implantation position (e.g., left atrium for mitral 
valve) where the valve prosthesis 102 is deployed adjacent the 
diseased valve for Subsequent implantation therein. Alterna 
tively, the valve prosthesis 102 may be pre-positioned within 
the delivery catheter 400 at or near the distal end 402, and both 
the valve prosthesis 102 and the distal end 402 of the delivery 
catheter 400 may be so advanced in unison along an associ 
ated guide wire. 
(0075. Once a distal end 402 of the delivery catheter 400 
has been delivered to within the necessary proximity of the 
desired anatomical location, e.g., annulus 'A', the delivery 
tube 202 may be extended relative to the delivery catheter 400 
to push the valve prosthesis 102 outward of the catheter via a 
corresponding opening in the distal end 402. Upon the valve 
prosthesis 102 exiting the distal end 402, resilient properties 
of several components of the valve prosthesis 102, particu 
larly the flexible ring 106 and the legs 116 of the resilient 
element 112 (FIG. 2), may cause at least the flexible ring 106 
to automatically resume its non-deformed/uncompressed 
shape (e.g., as seen in FIG. 4B as well as all later figures in the 
sequence of FIGS. 4A-4I), which may be, for example, a 
circle, an ellipse, or the like. As best seen in FIG. 4C, upon the 
Surgeon/clinician allowing the valve prosthesis 102 to emerge 
from the delivery catheter 400, yet without any further posi 
tive action on the part of the Surgeon/clinician, the valve 
prosthesis 102 may tend eventually to fully relax, and assume 
a generally non-deformed orientation, wherein the position 
ing elements 120 are seen to have overturned or become 
inverted by rotating both outwardly and downwardly past the 
horizontal (e.g., so that the outer surfaces 122 thereof face 
generally outward again, and the upper and lower arcuate 
regions 126,128 thereofare, once again, outwardly directed). 
The valve skirt 110 may be appropriately substantially down 
wardly oriented and positioned for performing an advanta 
geous sealing function (e.g., as against Valve prolapse) upon 
being positioned in a desired anatomical position. 
0076. From the orientation of the valve prosthesis 102, and 
more particularly, of the positioning elements 120 thereof, 
shown in FIG. 4C, the surgeon/clinician may deflect the lower 
arcuate regions 128 of the positioning elements 120 inward 
by pulling the respective lengths 136 of the cords 134 (FIG.2) 
a sufficient extent radially inward toward, and/or upward 
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through, the hub 114 (FIG. 2) and the delivery tube 202 in 
Such a way as to continue (see FIG. 4D) an overturning or 
inverting motion of the positioning elements 120 relative to 
the flexible ring 106 and the hub 114 (FIG. 2), progressing 
through sequential orientations as depicted in FIGS. 4D and 
4E and arriving at the particularly notable orientation 
depicted in FIG.4F. For example, in accordance with embodi 
ments of the present disclosure, the Surgeon/clinician may be 
permitted to accomplish Such deflection of the positioning 
elements 120 by grasping or otherwise seizing respective 
proximal ends (not shown) of the lengths 136 of the plurality 
of cords 134 (FIG. 2) disposed outside the delivery catheter 
400 and outside the patient's body and pulling such ends 
outward of the delivery catheter 400 and the patient's body. 
Such withdrawal of the lengths 136 of the cords 134 results in 
the lower arcuate regions 128 of the positioning elements 120 
being pulled radially inwardly, e.g., to a point where the tips 
306 of the lower arcuate regions 128 extend at least partially 
downwardly toward the diseased valve. As shown in FIGS. 
4G and 4H, such downwardly-directed and relatively more 
closely spaced lower arcuate regions 128 may be utilized in 
the manner of a probe or plow to deflect the patient’s leaflet 
membranes (see, e.g., valve structure V in FIG. 2) and/or 
otherwise facilitate advancing the valve prosthesis 102 down 
ward into the patient's diseased valve such that the valve 
prosthesis 102 is able to be positioned at an appropriate 
implantation elevation and an appropriate lateral position 
relative to the annulus A, 
0077. As best shown in FIG. 4H, the upperarcuate regions 
126 of the respective positioning elements 120 may be coop 
eratively adapted to be contained within a common plane, 
e.g., in the manner of a “top hat'. So as to facilitate position 
ing/alignment of the valve prosthesis 102 relative to the annu 
lus A. The circumferentially interrupted aspect exhibited by 
of the valve prosthesis 102 and collectively defined by the 
positioning elements 120 may facilitate both inversion of the 
positioning elements 120 during percutaneous introduction, 
and effective alignment and tissue engagement/stability upon 
final implantation and in situ valve function. For example, 
upon each of the plurality of upper arcuate regions 126 Sub 
stantially engaging a corresponding part of the upper portion 
of the annulus A, the valve prosthesis 102 may be generally 
aligned in a desirable fashion. 
0078. The valve prosthesis 102 may now be further posi 
tioned and/or spatially oriented relative to the annulus A in the 
manner desired by the Surgeon/clinician, e.g., as viewed 
through conventional imaging instrumentation. (Of note, the 
positioning elements 120 (and particularly, the upperarcuate 
regions 126 thereof) may be substantially radio-opaque to 
facilitate imaging identification thereof to confirm proper 
positioning and spatial orientation of the valve prosthesis 102 
relative to the annulus A.) For example, at such time the 
Surgeon/clinician may begin to relax an accumulated degree 
oftension within the lengths 136 of the plurality of cords 134 
(FIG. 2), and thereby begin to allow a corresponding accu 
mulation of energy/spring force contained in the legs 116 
(FIG. 2) of the resilient element 112 (FIG. 2) and/or in the 
positioning elements 120 to cause the lower arcuate regions 
128 of the positioning elements 120 to, once again, begin to 
rotate radially outwardly. Also for example, and as seen in 
FIG. 4I, the lower arcuate regions 128 may be allowed to 
rotate radially outward to an extent sufficient to permit the 
respective tips 306 thereof to contact and/or engage the car 
diac tissue comprising the wall W. Having retracted to an 
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extent Sufficient to permit such tissue engagement, the legs 
116 of the resilient element 112 and/or the positioning ele 
ments 120 may still retain Sufficient energy/spring force to 
further cause the respective tips 306 to collectively press 
against and/or become Substantially embedded in place with 
respect to the wall W. Such collective spring force may be 
sufficient to permit the lower arcuate regions 128 of the posi 
tioning elements 120 to offer a degree of resistance against 
vertically upward pullout or displacement of the valve pros 
thesis 102, e.g., a degree of resistance at least comparable to 
a naturally strong degree of resistance against vertically 
downward displacement thereof offered by the upper arcuate 
elements 126 positioned across and/or against the annulus A. 
0079. As also seen in FIG. 4I, upon the valve prosthesis 
102 being determined to be properly positioned and oriented 
relative to the annulus A, the cords 134 (FIG. 2) may be 
withdrawn from the positioning elements 120. Thereafter, the 
remainder of the delivery structure 104 may be disconnected 
and/or separated from the valve prosthesis 102 (e.g., the 
delivery tube 202 may be disconnected from the hub 114 
(FIG. 2), thereby leaving the valve prosthesis 102 in an 
appropriate position relative to the patient's diseased heart 
valve to serve as a functional replacement thereof The posi 
tioning elements 120 may serve to maintain the native leaflet 
membranes (see valve structure V in FIG. 2) in an open 
position, and each of the leaflet membranes 108 and the valve 
skirt 110 mounted with respect to the flexible ring 106 may 
function to ensure appropriate directional control of blood 
flow therethrough. 
0080. The disclosed valve prosthesis and associated deliv 
ery structures/methods offer numerous advantages relative to 
existing systems. For example, the positioning elements asso 
ciated with the disclosed valve prosthesis valve include upper 
and lower arcuate regions that may advantageously function 
to engage the annulus as well as the wall of the Ventricular 
chamber below the annulus, thereby securely aligning and 
stabilizing the valve prosthesis (e.g., in a re-deployable man 
ner) relative thereto. In addition, the invertible and collapsible 
aspects of the valve prosthesis (e.g., for purposes of catheter 
introduction and the automatic expansion of the valve pros 
thesis upon exiting the catheter) may facilitate efficient per 
cutaneous delivery and in situ manipulation of the disclosed 
valve prosthesis system. Further, the disclosed valve skirt 
may enhance sealing functionality of the disclosed valve 
prosthesis when positioned in situ as compared to that which 
might otherwise be the case (e.g., without such a skirt and/or 
the annular sealing function provided thereby). Still further, 
the “top-hat' geometry and/or functionality of the upperarcu 
ate regions of the positioning elements may advantageously 
function to accurately and securely position the valve pros 
thesis relative to an annulus and associated anatomical struc 
tures. 

I0081. It will be appreciated that the disclosed design and 
implantation methodology may not require extensive Surgery, 
and that the disclosed positioning elements may function to 
provide stable and well aligned implantation, central blood 
flow, and/or a stable platform for the leaflet membranes. 
Moreover, positioning may be more precise than with a bal 
loon expandable device, such as a stent. Additionally, and also 
unlike a stent, the positioning may potentially be repeated 
(e.g., until the desired implantation position and/or orienta 
tion is achieved). The heart valve prosthesis described herein 
may also allow anchoring relative to the valve annulus in 
states of the diseased valve in which a stent may not encounter 
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Sufficient tissue to which to adhere (e.g., as is commonly the 
case with respect to mitral valve disease). 
0082 In accordance with exemplary embodiments of the 
present disclosure, the heart Valve prosthesis may be placed 
squarely at the site of a diseased heart Valve, as distinct from 
certain existing heart valve prosthesis implementations char 
acterized by the use of stents configured for placement in the 
connecting blood vessels adjacent to and/or near the diseased 
heart valve, and, as such, are designed to be disposed in 
spaced relation therewith, whether during or after implanta 
tion, or during in situ operation. As a result, the ability of the 
operator or Surgeon to reposition and/or re-anchor the heart 
valve prosthesis in order to more accurately position the heart 
valve prosthesis in the opening of the diseased heart valve, 
Such as may be provided in accordance with embodiments of 
the present disclosure, may be of increased significance. 
0083. The positioning elements 120 of the present disclo 
sure may be implemented by one or more of a plurality of 
variations, including those depicted in FIGS. 5-7. More par 
ticularly, a positioning element 500 depicted in FIG. 5 is one 
such variation of the positioning element 120. The position 
ing element 500 may include upper and lower arcuate regions 
502,504, an intermediate region 506 disposed therebetween, 
and an outer surface 508. An array 510 of holes 512 may be 
formed in the outer surface 508 in a vicinity of the interme 
diate region 506 to encourage in-growth of tissue, increasing 
positional and orientational stability in situ. Referring now to 
FIG. 6, a positioning element 600 is another such variation of 
the positioning element 120. The positioning element 600 
may include upper and lower arcuate regions 602, 604, an 
intermediate region 606 disposed therebetween, and an outer 
surface 608. An array 610 of spikes or spurs 612 may be 
provided, extending from the outer surface 608 in a vicinity of 
the intermediate region 606 to facilitate secure engagement of 
tissue, similarly increasing positional and orientational sta 
bility in situ. A positioning element 700 depicted in FIG. 7 is 
yet another variation of the positioning element 120. The 
positioning element 700 may include upper and lower arcuate 
regions 702, 704, an intermediate region 706 disposed ther 
ebetween, and an outer surface 708. An array 710 of holes 712 
may beformed in, and spikes or spurs 714 may be provided so 
as to extend from, the outer surface 708 in a vicinity of the 
intermediate region 706 to facilitate both in-growth of tissue 
and secure engagement of tissue, also increasing positional 
and orientational stability in situ. While the holes 512 and 712 
and the spurs 612 and 714 are shown in FIGS. 5-7 as appear 
ing in the respective intermediate regions 506, 606,706 of the 
respective positioning elements 500, 600, 700, such features 
may alternatively, and/or in addition, be positioned in one or 
both of the upper 502, 602, 702 and lower 504, 604, 704 
arcuate regions thereof. 
0084 Another variation of the positioning element 120 is 
embodied by the positioning element 800 of FIG.8. A leg 802 
of a resilient element 804 may support the positioning ele 
ment 800, which may in turn include a lower arcuate region 
806 having a tissue-engaging tip 808 that, in a retracted state 
of the lower arcuate region 806, may be coiled or rolled up 
so as to extend inward toward an intermediate region 810 of 
the positioning element and/or downward toward itself A 
deployment structure 812 may include a cord 814 attached to 
the lower arcuate region 806 (e.g., near the tip 808 thereof) to 
uncoil the lower arcuate region 806 so as to permit the tip 808 
to be redirected outward so as to be capable of engaging with 
a the cardiac tissue comprising a patient's heart wall (not 
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shown). A Surgeon/clinician may be permitted to pull outward 
on the cord 814 during positioning of the positioning element 
800, and once the tip 808 has begun to engage the cardiac 
tissue, to release the cord 814, allowing an accumulated 
energy/spring force inherent in the lower arcuate region 806 
(e.g., the same having a coil-spring configuration) to impinge 
with additional force upon the cardiac tissue. Multiple 
instances of the positioning element 800 may be provided in 
a valve prosthesis 816 (not otherwise shown) such that at least 
Some balancing of reaction forces can be achieved, and an 
upper arcuate region 818 of the positioning element 800 may 
have a similar coiled configuration (not separately shown) to 
that of the lower arcuate region 806. 
I0085. A modified version of the valve prosthesis 102 is 
embodied by the valve prosthesis 900, the latter being shown 
partially and schematically in FIG. 9. The valve prosthesis 
900 may include a resilient element 902 having a leg 904 
generally similar to the legs 116 associated with the above 
described resilient element 112. The leg 904 may support a 
claw 906 having an upper jaw 908, a lower jaw 910, and a 
hinge 912 disposed between the upper and lower jaws 908, 
910. The valve prosthesis 900 may further include a torsional 
spring (not shown) for biasing the upper and lower jaws 908, 
910 of the claw 906 in favor of closure toward each other, and 
securely engaging the cardiac tissue of a patient's heart wall. 
A deployment structure 914 may include a cord 916 attached 
to the upper and lower jaws 908, 910. A surgeon/clinician 
may be permitted to pull outward on the cord 916 to hold the 
claw 906 open during positioning of the claw 906. Once the 
claw 906 has begun to engage the cardiac tissue (e.g., an 
annulus A as shown in FIG. 2), the Surgeon/clinician may be 
permitted to release the cord 916, allowing the spring bias to 
act on the upper and lower jaws 908,910 and thereby allowing 
the claw 906 to affix itself to the cardiac tissue. Multiple 
instances (not shown) of the claw 906 may be provided in the 
valve prosthesis 900. 
I0086 Respective alternative modified versions of the 
valve prosthesis 102 are further embodied by the valve pros 
theses 1000, 1100, and 1200, shown partially and schemati 
cally in FIGS. 10, 11 and 12, respectively. The valve prosthe 
sis 1000 of FIG. 10 may include a resilient element 1002 
having multiple instances of a leg 1004 extending from a hub 
1006. The leg 1004 may itself be a spring, and may include at 
least two leaves 1008 joined at an arcuate or bend region 
1010. The valve prosthesis 1000 may further include one or 
more engaging elements 1012, each of which may include a 
plurality of prongs 1014 for piercing and/or otherwise inva 
sively engaging cardiac tissue as appropriate to secure the 
valve prosthesis 1000 in place relative to a diseased heart 
valve, and/or relative to an annulus associated therewith. The 
engaging element 1012 may be supported by one of the leaves 
1008 of the leg 1004, and the valve prosthesis 1000 may 
include a plurality of sets of two engaging elements 1012 
(e.g., having two prongS 1014 each) as shown in FIG. 10. 
I0087. The valve prosthesis 1100 of FIG. 11 may include a 
resilient element 1102 having multiple instances of a leg 1104 
extending from a hub 1106. The leg 1104 may itself be a 
spring, and may include at least two leaves 1108 joined at an 
arcuate or bend region 1110. The valve prosthesis 1100 may 
further include one or more engaging elements 1112, each of 
which may include two arms 1114 extending outward from a 
common point of connection in a V shape. The valve pros 
thesis 1100 may further include biasing springs (indicated 
schematically at reference numeral 1116) for urging the arms 
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1114 of the engaging elements 1112 together for purposes of 
closing the engaging element 1112 about an annulus associ 
ated with a patient's diseased heart valve. The engaging ele 
ment 1112 may be supported by one of the leaves 1108 of the 
leg 1104, and the valve prosthesis 1100 may include a plural 
ity of such engaging elements 1112. 
I0088. The valve prosthesis 1200 of FIG. 12 may include a 
resilient element 1202 having multiple instances of a leg 1204 
extending from a hub 1206. The leg 1204 may itself be a 
spring, and includes at least two leaves 1208 joined at an 
arcuate or bend region 1210. The valve prosthesis 1200 may 
further include one or more engaging elements 1212, each of 
which may include a plurality of teeth 1214 for engaging 
cardiac tissue as appropriate to secure the valve prosthesis 
1200 relative to a diseased heart valve. The engaging element 
1212 may be directly affixed to one of the leaves 1208 of the 
leg 1204 (e.g., the valve prosthesis 1200 may include a plu 
rality of engaging elements 1212 having two rows of teeth 
1214 each as shown in FIG. 12). In some embodiments (not 
separately shown), the engaging element 1212 may behinged 
at a central location between the two rows of teeth 1214 such 
that the engaging element 1212 may be movable to at least 
Some degree relative to the leg 1204. Accordingly, in at least 
Some such embodiments, the engaging element 1212 may be 
utilized in the manner of a toothed claw otherwise structurally 
and functionally similar to the claw 906 described above with 
reference to FIG. 9. 

0089. A variation of the above-discussed flexible ring 106 
is embodied by aflexible ring 1300 illustrated in FIGS. 13 and 
14. The flexible ring 1300 may be resilient such that it may 
tend (e.g., absent any Substantial compressive forces) to 
expand outward to assume a three-dimensional shape (e.g., 
the three-dimensional shape shown FIG. 14), in which the 
flexible ring 1300 may have a not insubstantial vertical 
height, in addition to a characteristic lateral width or diam 
eter. More particularly, the flexible ring 1300 may include 
multiple instances of a hoop segment 1302. The hoop seg 
ments 1302 may be contained within a common horizontal 
plane (e.g., upon the flexible ring 1300 being expanded out to 
its maximum width and height) wherein the hoop segments 
may be separated by and/or coupled via a corresponding 
number of instances of a coupling segment 1304 extending 
Vertically relative to the common horizontal plane, constitut 
ing at least a portion of the height extent of the flexible ring 
1300. Each hoop segment 1302 may further include a notch 
1306 to facilitate secure coupling of one or more of a valve 
skirt similar to the above-described valve skirt 110, at least 
one leaflet membrane similar to the above-described leaflet 
membranes 108, and/or an associated annulus or cuff similar 
to that described above. For example, such coupling may be 
obtained via a knotted Suture (not shown) at least partially 
lodged within the notch 1306 so as to restrict relative move 
ment of the valve skirt, leaflet membrane, and/or cuff relative 
to and/or about a circumference of the flexible ring 1300. 
Each of the coupling segments 1304 may comprise a spring 
having two leaves 1308 joined at an arcuate or bend region 
1310, whereby the flexible ring 1300 may be particularly 
amenable to being radially compressed and/or to assume a 
compact shape Suitable for compressing a corresponding 
valve prosthesis (not separately shown) of which the flexible 
ring 1300 is a part, and/or passing Such a prosthesis through a 
narrow-gauge catheter (not shown). More particularly, 
because the flexible ring 1300 may include intermittent 
breaks in its circumference in the plane of the hoop segments 
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1302 (e.g., associated with the coupling segments 1304), its 
geometry may further contribute to an elastic radial com 
pressibility exhibited by the flexible ring 1300. The bend 
regions 1310 of the coupling segments 1304 may further 
serve as anchoring points functionally similar to the notches 
1306. For example, such notches 1306 may be used as anchor 
ing points for securing, and/or limiting a length extent of 
commisure seams (not shown in FIGS. 13-14; see, e.g., cor 
responding structure illustrated and described below with 
reference to FIGS. 16-20) formed between corresponding 
leaflet membranes (not shown) of a heart valve prosthesis (not 
shown) incorporating the flexible ring 1300 in accordance 
with embodiments of the present disclosure. 
0090 A variation of the valve prosthesis 102 in accor 
dance with the present disclosure is embodied by a valve 
prosthesis 1500 illustrated in FIG. 15. The resilient element 
1502 of the valve prosthesis 1500 may be structurally and 
functionally similar to the above-described resilient element 
112. The legs 1504 of the resilient element 1502 may flex 
inwardly toward the delivery tube 202. For example, the legs 
1504 may be adapted to flex inwardly toward the delivery 
tube 202 in a manner that facilitates an enhanced degree of 
radial compression of the valve prosthesis 1500. Such flexure 
of the legs 1504 may further permit the valve prosthesis 1500 
to pass along a lumen 1506 of a catheter 1508 exhibiting a 
smaller internal diameter than would otherwise be the case. 

0091. A modified version of the valve prosthesis system 
100 in accordance with the present disclosure is embodied by 
a valve prosthesis system 1600 illustrated in various stages of 
operation in FIGS. 16, 17, 18, 19, and 20. The valve prosthesis 
system 1600 may include a valve prosthesis 1602 that is a 
modified version of the valve prosthesis 102 including sub 
stantially all structural and functional features thereof, with at 
least some exceptions as discussed below. The valve prosthe 
sis 1602 may include a resilient element 1604 having multiple 
instances of a leg 1606 extending radially outward from a hub 
1608, and multiple instances of a leaflet membrane 1610. 
Commissures 1612 between the leaflet membranes 1610 may 
be partially closed, or at least limited in length via respective 
sutured seams 1614 formed between the leaflet membranes 
1610. For example, the sutured seams 1614 may extend from 
a flexible ring 1616 of the valve prosthesis 1602, or from a 
location in spaced relation below the flexible ring 1616 (e.g., 
as in embodiments of the valve prosthesis (not specifically 
shown) in which each of the leaflet membranes 1610 forms a 
portion of a larger membrane structure of unitary construc 
tion), downward to a point coinciding with respective free 
ends or distal edges of the leaflet membranes 1610. The valve 
prosthesis system 1600 may further include a delivery struc 
ture 1618 that, in addition to having cables 1620 and a deliv 
ery tube 1622 structurally and functionally similar to corre 
sponding aspects of the delivery structure 104, further 
includes a tower 1624 extending downward from the hub 
1608. 

0092 Among other functions that may be provided 
thereby, the tower 1624 may at least participate in defining a 
central axis 1625 of the valve prosthesis system 1600, and 
may further introduce an axial (e.g., vertical or lengthwise) 
separation between an elevation (e.g., generally indicated at 
1626 in FIG. 20) at which the legs 1606 meet the hub 1608 
and an elevation (e.g., generally indicated at 1628 in FIG. 20) 
at which the cables 1620 extend, and/or are deployed, out 
ward from the central axis 1625. As shown in FIGS. 16-20, 
Such an arrangement may have the advantage of displacing 
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and/or routing the cables 1620 generally away from an eleva 
tion (e.g., generally shown at 1630 in FIG. 18) occupied by 
the leaflet membranes 1610, and/or by the sutured seams 
1614 disposed therebetween. More particularly, such an 
arrangement may advantageously reduce and/or eliminate a 
risk of the cables 1620 abrading or cutting the leaflet mem 
branes 1610 and/or the sutures of the sutured seams 1614 
during a process of deploying, adjusting a position of and/or 
otherwise implanting the valve prosthesis 1602. Such a risk 
does not necessarily exist with respect to any particular 
embodiment of a heart valve prosthesis in accordance with 
the present embodiment. For example, embodiments in 
accordance with the present disclosure of the heart valve 
prosthesis 102 shown and described herein with reference to 
FIGS. 1, 2, 3A-3B, and 4A-4I exist in which such a risk is 
either remote, or for all practical purposes, non-existent. Nev 
ertheless, it is contemplated that Such a risk may exist with 
respect to at least Some heart valve prosthesis embodiments in 
accordance with the present disclosure, including, for 
example, embodiments in which the particular dimensions of 
or the particular materials specified for, the sutures of the 
sutured seams 1614, and/or the leaflet membranes 1610, are 
optimized for purposes of providing maximum functionality 
and/or durability in situ, but wherein such optimization unfor 
tunately has the effect of leaving Such components at 
increased risk of damage from frictional interaction with the 
cables 1620 during prosthesis implantation. In Such circum 
stances, at least, the use of a tower 1624, or of another com 
ponent structurally and/or functionally similar thereto, to 
introduce an appropriate axial separation between the cables 
1620 and the leaflet membranes 1610, and/or between the 
cables 1620 and the sutured seams 1614, may provide a 
particular advantage. 
0093. As is particularly evident in FIG. 20, such an 
arrangement may further permit additional energy and/or 
spring force to be built up within the resilient element 1604 by 
imparting significant flexure to the resilient element 1604 
where the legs 1608 meet the hub 1606. For example, and as 
sequentially illustrated in FIGS. 16-20, a sufficient amount of 
flexure may be imparted thereby to the resilient element 1604 
to cause the hub 1606 to be raised to an elevation substantially 
entirely above those of the respective positioning elements 
1632 during a corresponding process of deployment from a 
catheter 1634, in which the positioning elements 1632 may be 
overturned or inverted relative to the flexible ring 1616 and 
the hub 1608 in preparation for placement of the valve pros 
thesis 1602 with respect to a patient's diseased heart valve. 
Such elevated placement of the hub 1608 relative to the posi 
tioning elements 1632 may further persist in the final in situ 
configuration of the valve prosthesis 1602 within the diseased 
heart valve (not specifically shown), such that an elevation of 
the hub 1608 may be and/or remain even with or above that of 
the corresponding annulus A (see FIG. 2 for comparison). 
Still further, in such circumstances, the legs 1608 may assume 
a final configuration relative to the hub 1606 such that: i) the 
legs 1608 either effectively no longer extend vertically 
upward from the hub 1608; or ii) an extent to which the legs 
1608 continues to so extend upward from the hub 1606 is 
substantially reduced; and/or iii), the legs 1608 have substan 
tially completely been overturned relative to the flexible ring 
1616 so as to extend substantially completely downwardly 
from the hub 1608. Any one orall of these arrangements of the 
legs 1608 of the resilient element 1604 relative to the hub 
1606 thereof and/or relative to the flexible ring 1616 may 
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have the advantageous effect of reducing an occurrence of or 
an extent of eddies or turbulence in the flow of blood past or 
through the resilient element 1604. In such circumstances, a 
risk of undue tissue damage in the associated blood flow 
volume may be reduced. More particularly, to the extent such 
eddies and/or turbulence may be attenuated as described 
above, an extent and/or magnitude of a shear force character 
istic of the flow of blood through the heart valve prosthesis 
1602, and potentially associated with and/or causing Such 
tissue damage, may be beneficially adjusted, limited, and/or 
reduced. 

0094. A variation of the valve prosthesis system 100 is 
embodied by a valve prosthesis system 2100 illustrated in 
FIG. 21. The valve prosthesis system 2100 may include a 
valve prosthesis 2102 and a delivery structure 2104. The 
valve prosthesis 2102 may be a variation of the above-dis 
cussed valve prosthesis 102, and the delivery structure 2104 
may be a variation of the above-discussed delivery structure 
104. The delivery structure 2104 may include an outer cath 
eter 2106, a guide wire 2108, and a tool 2110 for allowing a 
surgeon/clinician to move the valve prosthesis 2102 within 
and relative to the outer catheter 2106 along the guide wire 
2108. For the sake of convenience, the valve prosthesis 2102 
is shown twice in FIG. 21, once in a folded/compressed 
configuration (e.g., Suitable for insertion into the outer cath 
eter 2106 at a receiving end 2112 thereof), and once in an 
expanded configuration (e.g., after deployment from the outer 
catheter 2106 at a discharging end 2114 thereof). 
I0095 Referring now to FIG. 22, the valve prosthesis 2102 
is shown in the folded/compressed configuration shown in 
FIG. 21 for movement within the outer catheter 2106 along 
the guide wire 2108. The valve prosthesis 2102 may include 
a sleeve 2200 extending downward to at least some extent 
from a hub 2202 of a resilient element 2204. The delivery 
structure 2104 may further include a cable guide tube 2206 
for accommodating the guide wire 2108 and a set of deploy 
ment cables 2208, and a delivery tube 2210 including a cen 
tral lumen 2212. 

(0096. The delivery structure 2104 may still further include 
a fitting 2214. The fitting 2214 may extendentirely through 
the hub 2202 and the sleeve 2200 such that at least an upper 
portion 2216 of the fitting 2214 is disposed above the hub 
2202, and at least a lower portion 2218 of the fitting 2214 is 
disposed below the sleeve 2200. The fitting 2214 may include 
a central lumen 2220 via which the guide wire 2108 and the 
deployment cables 2208 may pass through the fitting 2214 
(and, thereby, through the hub 2202). The upper portion 2216 
of the fitting 2214 may be sized and shaped (e.g., via external 
circumferential ribs 2222) for press-fit insertion within the 
central lumen 2212 of the delivery tube 2210, and/or to 
receive a corresponding end of the cable guide tube 2206 for 
press-fit termination thereof within the central lumen 2220. 
The lower portion 2218 of the fitting 2214 may form a tower 
2224. The tower 2224 may be a variation of the above-de 
scribed tower 1624 (FIG. 16). 
(0097. The delivery tube 2210 and the fitting 2214 may be 
keyed to each other to prevent relative rotation therebetween. 
For example, an end of the delivery tube 2210 adjacent the 
hub 2202 may include one or more slots 2226, and the fitting 
2214 may include one or more complementary radially-pro 
truding tabs (not separately shown) to mate with the slots 
2226 upon the fitting 2214 being press-fit within the central 
lumen 2212 of the delivery tube 2210. Other anti-rotation 
Solutions and/or features are possible. 
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0098. The cable guide tube 2200 may have multiple com 
ponents, including an internal length of metal tubing 2228. 
and an external length of shroud-type tubing 2230. The inter 
nal length of metal tubing may be thin-walled and braided for 
stiffness and/or resistance to kinking. The external length of 
shroud-type tubing may be sized, shaped and configured to 
facilitate formation of a press-fit termination within the cen 
tral lumen 2220 of the fitting 2214. 
0099. In FIG. 23, the valve prosthesis 2102 is shown after 
having emerged from the discharging end 2114 of the outer 
catheter 2106, and after the surgeon/clinician has permitted 
the positioning elements 2300 to overturn relative to a flexible 
ring 2302 and/or relative to the hub 2202 (e.g., via an inter 
nally-generated spring force), and/or has utilized the tool 
2110 (FIG. 21) and the cables 2208 to cause or assist in 
causing the positioning elements 2300 to overturn relative 
thereto. As described above with reference to the valve pros 
thesis 1602 of FIGS. 16-20, the tower 2224 may beneficially 
extend a point of radial distribution of the cables 2208 axially 
downward to an elevation below that at which a plurality of 
legs 2302 of the resilient element 2204 meet the hub 2202 
thereof. In embodiments, the sleeve 2200, which may be 
funnel-shaped and swaged to the hub 2202, may facilitate this 
function by providing lateral Support to the cable deployment 
tower 2224. 

0100 Referring now to FIG. 24, the delivery structure 
2104 may further include one or more additional cables 2400. 
The cables 2400 may function to axially secure the delivery 
tube 2210 to the hub 2202, and/or to the sleeve 2200, until 
such time as the valve prosthesis 2102 is determined to be 
properly positioned and oriented relative to the patient’s dis 
eased heart valve. More particularly, each instance of a cable 
2400 may form a corresponding loop around a portion of the 
sleeve 2200, and include lengths 2402 passing upward there 
from. For example, one such length 24.02 may pass through 
the central lumen 2212 (FIG. 22) of the delivery tube 2210, 
and the other such length 24.02 may pass upward within a 
space (not separately shown) between the delivery tube 2210 
and the outer catheter 2106 (FIG. 21). Such cables 2400 may 
further be withdrawn from the delivery structure 2104 when 
no longer needed (e.g., upon the valve prosthesis 2102 being 
determined to be properly positioned and oriented relative to 
the patient’s diseased heart valve). The delivery tube 2210 and 
the hub 2202 may now no longer axially secured to each other, 
and the fitting 2214 and the delivery tube 2210 may remain 
axially secured to each other. In Such circumstances, the 
surgeon/clinician may elect to withdraw the delivery tube 
2210 from the patient's body via the outer catheter 2106 (FIG. 
21) by pulling upward and outward on the delivery tube 2210. 
As the tower 2224 may be part of the fitting 2214, the surgeon/ 
clinician may, by pulling upward on the delivery tube 2210, 
further withdraw the tower 2224 upward from and out of the 
hub 2202. The sleeve 2200 may travel outward of the patient’s 
body along with the delivery tube 2210. 
0101 Another variation of the valve prosthesis system 100 

is embodied by a valve prosthesis system 2500 illustrated in 
FIG. 25. The valve prosthesis system 2500 may include a 
valve prosthesis 2502 and a delivery structure 2504. The 
valve prosthesis 2502 may be a variation of the above-dis 
cussed valve prosthesis 102, and the delivery structure 2504 
may be a variation of the above-discussed delivery structure 
104. The delivery structure 2504 may include an outer cath 
eter 2506 and a guide wire 2508 for allowing a surgeon/ 
clinician to move the valve prosthesis 2502 within and rela 
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tive to the outer catheter 2506 via an appropriate tool (e.g., 
tool 2110 of FIG. 1) along the guide wire 2508. The valve 
prosthesis 2502 is shown in a folded/compressed configura 
tion for movement within the outer catheter 2506 along the 
guide wire 2508. 
0102) The delivery structure 2504 may further include a 
set of deployment cables 2510, a delivery tube 2512 including 
a central lumen 2514, and a fitting 2516. The fitting 2516 may 
extendentirely through a hub 2518 of a resilient element 2520 
of the valve prosthesis 2502 such that at least an upper portion 
2522 of the fitting 2516 is disposed above the hub 2518, and 
at least a lower portion 2524 of the fitting 2516 is disposed 
below the hub 2518. The fitting 2516 may include a central 
lumen 2526 via which the guide wire 2508 and the deploy 
ment cables 2510 may pass through the fitting 2516 (and, 
thereby, through the hub 2518). The upper portion 2522 of the 
fitting 2516 may be sized and shaped (e.g., via external cir 
cumferential ribs 2528) for press-fit insertion within the cen 
tral lumen 2514 of the delivery tube 2512. The lower portion 
2524 of the fitting 2516 may form a tower 2530. The tower 
2530 may be a variation of the above-described tower 1624 
(FIG.16). 
(0103) In FIG. 26, the valve prosthesis 2502 is shown after 
having emerged from the outer catheter 2506 (FIG. 22), and 
after the Surgeon/clinician has permitted the positioning ele 
ments 2600 to overturn relative to a flexible ring 2602 and/or 
relative to the hub 2518 (e.g., via an internally-generated 
spring force), and/or has utilized an appropriate tool (e.g., 
tool 2110 of FIG. 21) and the cables 2510 to cause the posi 
tioning elements 2600 to overturn or invert relative thereto. 
As described above with reference to the valve prosthesis 
1602 of FIGS. 16-20, the tower 2530 may beneficially extend 
a point of radial distribution of the cables 2510 axially down 
ward to an elevation below that at which a plurality of legs 
2604 of the resilient element 2520 meet the hub 25.18 thereof. 

0104 Referring now to FIG. 27, the fitting 2516 may 
further includes multiple instances of an outwardly-biased, 
inwardly deflectable finger 2700 extending from a point on 
the cable deployment tower 2530 below the hub 2518, 
through a corresponding cutout in the hub 2518, and upward 
to a point on the fitting 2516 above the hub 2518. When each 
such finger 2700 is in its outwardly biased position, corre 
sponding interlocking features (not separately shown) 
formed in the hub 2518 and the fingers 2700 may cooperate to 
secure the valve prosthesis 2502 axially relative to the fitting 
2516. Each such finger 2700 may be further deflectable radi 
ally inwardly into an accommodating cavity 2702 formed in 
the fitting 2516. The delivery structure 2504 may further 
include a collar 2704 that may be disposed around the fitting 
2516 between each such finger 2700 and its corresponding 
cavity 2702, such that whenever the collar 2704 is so posi 
tioned, the finger 2700 may be prevented from being deflected 
into its corresponding cavity 2702. The delivery structure 
2504 may still further include one or more cables 2706 form 
ing a corresponding loop around each Such finger 2700 so as 
to be useable to pull or retract each such finger 2700 into its 
corresponding cavity 2702 in the absence of the collar 2704. 
The delivery structure 2504 may yet further include one or 
more cables 2708 forming corresponding loops around a 
flange 2710 of the collar 2704 so as to be useable to pull the 
collar 2704 upward and away from the fingers 2700 such that 
the collar 2704 ceases to block inward deflection of the fin 
gers 2700. Accordingly, upon the valve prosthesis 2502 being 
determined to be properly positioned and oriented relative to 
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the patient's diseased heart Valve, a Surgeon/clinician may 
pull or otherwise manipulate the cables 2708 to displace the 
collar 2704 upward and away from the fingers 2700, and pull 
or otherwise manipulate the cables 2706 to deflect the fingers 
2700 inward toward the cavities 2702, and out of engagement 
with the hub 2518. The hub 2518 and the fitting 2516 may 
now no longer being axially secured relative to each other, 
and the fitting 2516 and the delivery tube 2512 (FIG. 25) may 
remain axially secured relative to each other. In Such circum 
stances, the Surgeon/clinician may elect to withdraw each of 
the fitting 2516 and the delivery tube 2512 from the patient’s 
body via the outer catheter 2506 by pulling upward on the 
delivery tube 2512. As the tower 253.0 may be part of the 
fitting 2516, the Surgeon/clinician may, by pulling upward on 
the delivery tube 2512, withdraw the tower 2530 upward from 
and outward of the hub 2518. 

0105 Still another variation of the valve prosthesis system 
100 is embodied by a valve prosthesis system 2800 illustrated 
in FIGS. 28 and 34. The valve prosthesis system 2800 may 
include a valve prosthesis 2802 and a delivery structure 2804. 
The valve prosthesis 2802 may be a variation of the above 
discussed valve prosthesis 102, and the delivery structure 
2804 may be a variation of the above-discussed delivery 
structure 104. 

0106 The delivery structure 2804 may include a release 
tube 2806 having a distal end 2808 adjacent the valve pros 
thesis 2802, a locking sleeve 2810 positioned adjacent the 
valve prosthesis 2802 and coupled to the release tube 2806 at 
the distal end 2808 thereof, and a tower 2812 extending 
through and beyond the valve prosthesis 2802. The tower 
2818 may be a variation of the above-discussed tower 1624. 
0107 The delivery structure 2804 may further include a 
tool 2814. The tool 2814 may be configured to permit and/or 
facilitate a Surgeon/clinician, among other functions 
described in more detail hereinafter, to move the valve pros 
thesis 2802 within and relative to an outer catheter (not 
shown) along a guide wire (not shown), to deliver and/or 
deploy the valve prosthesis 2802 adjacent a patient's diseased 
heart valve, to position the deployed valve prosthesis 2802 
relative to such heart valve before and during a prosthesis 
implantation procedure, and/or to cause the valve prosthesis 
2802 to be released after deployment and positioning thereof 
in situ., allowing the valve prosthesis 2802 to remain in place 
and the delivery structure 2804 to be entirely withdrawn from 
the patient's body. 
0108. The tool 2814 may include a body 2816 having a 
proximal end 2818 directed away from the patient and a distal 
end 2820 directed toward the patient, a gripping handle 2822 
disposed between the proximal end 2818 and the distal end 
2820, a prosthesis manipulation mechanism 2824 mounted 
with respect to the body 2816 at the proximal end 2818 
thereof, and a prosthesis release mechanism 2826 mounted 
with respect to the body 2816 at the distal end 2820 thereof 
The prosthesis deployment mechanism 2824 may include an 
actuation arm 2828 movably mounted the body 2816, a cable 
mount 2830, and an attachment fitting 2832 for attaching the 
cable mount 2830 to the actuation arm 2828 for movement 
therewith relative to the body 2816. The cable mount 2830 
may include a port 2834 for receiving and/or discharging a 
guide wire (not shown), and multiple instances of an attach 
ment fitting 2836 for attaching a respective cable (not shown) 
to the cable mount 2830 for movement therewith relative to 
the body 2816. The prosthesis release mechanism 2826 may 
include an attachment fitting 2838 for attaching the release 
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tube 2806 to the tool 2814, and an actuation wheel 2840 
movably mounted to the body 2816 for moving the release 
tube 2806 and the locking sleeve 2810 relative to the body 
2816, and/or relative to the valve prosthesis 2802. 
0109. As shown in FIGS. 29 and 31, the valve prosthesis 
2802 may include a hub 2900 and a resilient element 2902 
coupled to the hub 2900. The resilient element 2902 may 
include a hub flange 2904 at which the resilient element 2902 
may be coupled to the hub 2900 and multiple instances of a 
leg 2906 that may extend radially outward from the hub 
flange 2904. One or more of the multiple instances of a leg 
2906 may be of unitary construction with the hub flange 2904. 
In FIGS. 29 and 31, the valve prosthesis 2802 is shown after 
having emerged from an outer catheter (not shown), and after 
the surgeon/clinician has utilized the tool 2814 (FIG. 25) to 
pull corresponding deployment cables (not shown) relative to 
the valve prosthesis 2802 so as to overturn positioning ele 
ments (not shown) relative to a flexible ring (not shown), 
and/or relative to the hub 2900, and/or relative to the hub 
flange 2904. In addition to including the release tube 2806, 
the locking sleeve 2810 attached to the proximal end 2808 of 
the release tube 2806, and the cable deployment tower 2812 
extending through and beyond the hub 2900 and the resilient 
element 2902 of the valve prosthesis 2802 as discussed above 
with reference to FIGS. 28 and 34, the delivery structure 2804 
includes a cable guide tube 2908 disposed within the release 
tube 2806. As shown in FIGS.30 and 31, the cable guide tube 
2908 includes an interior wall 3000 defining a central lumen 
3002, an exterior wall 3004 defining an outer surface 3006 
and, with a series of radially-extending interior walls 3008, 
defining multiple instances of a peripheral lumen 3010 
arranged in a regular pattern around the central lumen 3002. 
0110 Referring now to FIG. 32, the hub 2900 of the valve 
prosthesis 2802 includes a body 3200 including a wall 3202. 
The wall 3202 is cylindrical in shape so as to define a central 
lumen3204 passing through the body 3200, the central lumen 
3204 being sized and shaped so as to receive and accommo 
date the cable deployment tower 2812. Each of the hub 2900 
and the cable deployment tower 28.12 may be fabricated from 
stainless steel, and the inner diameter of the central lumen 
3204 of the hub 2900 and the outer diameter of the cable 
deployment tower 2812 may be controlled relative to each 
other such that a relatively precise lateral fit exists between 
the two parts while also permitting relatively free movement 
of the cable deployment tower 2812 in the axial direction 
relative to the hub 2900 for purposes of pulling the cable 
deployment tower 2812 free of the valve prosthesis 2802 
upon the latter being implanted within a patient's diseased 
heart valve (not shown) (e.g., wherein the only available 
reaction force is that which is provided by the cardiac tissue 
with which the valve prosthesis 2802 is engaged). 
0111. The wall 3202 of the hub 2900 extends axially to 
define the central lumen 3204. At an intermediate position 
along an axial extent of the hub 2900, an annular ledge 3206 
extends outward from the wall 3202. The hub flange 2904 of 
the resilient element 2902 attaches to the hub 2900 at the 
circumferential skirt 3206. At an upper end of the axial extent 
of the hub 2900, the body 3200 further includes a coupling 
interface 3208. The coupling interface 3208 includes an 
annular protrusion 3210 extending outward from the wall 
3202, which as shown in FIG. 32, may be have a rounded 
profile. 
(O112 Still referring to FIG.32, the delivery structure 2804 
further includes a guide wire sleeve 3212, a fitting 3214, and 
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a resilient element 3216. The guide wire sleeve 3212 is dis 
posed within the cable deployment tower 2812. The fitting 
3214 joins, within the release tube 2806, the cable guide tube 
2908 (on one side of the fitting 3214) with the cable deploy 
ment tower 2812 and the guide wire sleeve 3212 (on an 
opposite side of the fitting 3214). Referring now to FIG. 33. 
the resilient element 3216 includes a distal end 3300 that 
includes a collar 3302 that at least partially defines a central 
lumen 3304 through the resilient element 3216, and a proxi 
mal end 3306 featuring a coupling interface 3308. The cou 
pling interface 3308 is peripherally segmented and includes 
multiple instances of an outwardly biased and inwardly 
deflectable spring finger 3310. Each such spring finger 3310 
includes a depression3312 having a segmented annular shape 
and sectional profile to match that of the annular protrusion 
3210 (FIG. 32) of the coupling interface 3208 of the hub 
29OO. 

0113 Referring again to FIG. 32, the resilient element 
3216 may be affixed to the cable deployment tower 2812 such 
that the latter is lodged within the central lumen 3304 of the 
former. The locking sleeve 2810 includes an axially narrowed 
distal end 3218 near which the locking sleeve 2810 is lodged 
within the proximal end 2808 of the release tube 2806, and an 
axially expanded proximal end 3220 extending toward the 
valve prosthesis 2802. The proximal end 3220 of the locking 
sleeve 2810 is of a large enough interior diameter to surround 
and extend over the proximal end 3306 (FIG. 33) of the 
resilient element 3216. The relative dimensions of the resil 
ient element 3216 and the locking sleeve 2810 are such that 
the locking sleeve 2810 is capable of deflecting the spring 
fingers 3310 (FIG.33) of the resilient element 3216 inward. If 
at this time the coupling interface 3308 (FIG. 33) of the 
resilient element 3216 and the coupling interface 3208 of the 
hub 2900 overlap each other (e.g., axially), the hub 2900 and 
the resilient element 3216 will become axially coupled, and 
may be moved axially within an outside catheter (not shown) 
together as a unit. Additionally, upon the valve prosthesis 
2802 being properly positioned and oriented with respect to a 
patient's diseased heart valve, such an arrangement enables a 
surgeon/clinician to release the valve prosthesis 2802 by 
causing the release tube 2806 to retract away from the valve 
prosthesis 2802 and the resilient element 3216 such that the 
spring fingers 3310 deflect radially outward and lose their 
grip on the annular protrusion 3210 of the hub 2900. At this 
time, and as described in greater detail above, the cable 
deployment tower 2812 can be smoothly withdrawn from 
within the hub 2900, and the delivery structure 2804 com 
pletely withdrawn from the patient via the external catheter 
(not shown). 
0114 Turning now to FIG. 35, the tool 2814 includes a 
central lumen 3500 extending through an entire axial length 
of the tool 2814. The central lumen 3500 is adapted to accom 
modate, at least, a guide wire (not shown). 
0115 Referring now to FIG. 36, the body 2816 of the tool 
2814 includes a central cavity 3600, and the actuation arm 
2828 of the prosthesis deployment mechanism 2824 is dis 
posed within and moves relative to the central cavity 3600. 
Cables (not shown) passing through the actuation arm 2828 
may pass into the cable mount 2830 and extend into one or 
more passages in communication therewith and terminating 
in an attachment fitting 2832, at which the cable (not shown) 
may be axially secured to the cable mount 2830, and by 
extension, to the actuation arm 2828. In the specific example 
of FIG. 28, up to six separate cables may be so accommodated 
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and axially coupled to the cable mount 2830. Other numbers 
of cables accommodated by a cable mount with more or fewer 
attachment fittings are possible. 
0116. In some embodiments of the present disclosure, the 
cable guide tube 2908 may extend through the tool 2814, e.g., 
at least to an extent of the prosthesis deployment mechanism 
2824. In at least some circumstances in accordance with 
embodiments of the present disclosure, a Surgeon/clinician 
may not necessarily require the cable guide tube 2908 to be or 
remain axially fixed with respect to the tool 2814. In such 
circumstances, the tool 2814 may include no particular secur 
ing mechanism with respect to the cable guide tube 2908, in 
which case a proximal end of the cable guide tube 2908 may 
extend into the tool 2814, wherein neither the proximal end 
nor or any other portion of the cable guide tube 2908 will 
necessarily be lodged in a corresponding fitting, or terminated 
in any particular way, facilitating axial relative motion 
between the cable guide tube 2908 and the tool 2814. By 
contrast, and in at least some circumstances in accordance 
with the present disclosure, a Surgeon/clinician requiring the 
cable guide tube 2908 to at least temporarily be or remain 
axially fixed with respect to the tool 2814. In such circum 
stances, the Surgeon/clinician may rely on an overall or 
locally substantial static or dynamic friction within the deliv 
ery structure 2804 (e.g., between the cable guide tube 2908 
and other portions of the delivery structure 2804, such as the 
release tube 2806). Alternatively, and/or in addition, the tool 
2814 may further include a clamp or fitting (not shown) or 
other similar mechanism or securing means to at least tem 
porarily secure (e.g., axially fix) the cable guide tube 2908 
with respect to the tool 2814, e.g., with respect to the body 
2816 of the tool 2814, and/or to the prosthesis deployment 
mechanism 2824 thereof. Other configurations are possible. 
0117 Referring again to FIG. 28, once the required cables 
(not shown) are secured to the cable block 2830, and provided 
the locking sleeve 2810 is in place over the spring fingers 
3310 (FIG.33) of the resilient element3216 (FIG.32) and the 
annular protrusion 3210 of the hub 2900 (FIG. 32), and the 
valve prosthesis 2802 is free of the outer catheter (not shown) 
and is positioned adjacent a patient's diseased heart valve, a 
Surgeon/clinician may grasp the gripping handle 2822 with 
one hand, grasp the actuation arm 2828 with the other hand, 
and pull the actuation arm 2828 outward of the body 2816 to 
move the cables outward of the valve prosthesis 2802 to cause 
the valve prosthesis to assume the proper shape for insertion 
into the valve (e.g., see, e.g., FIGS. 4F and 20). In some 
embodiments of the present disclosure, once the valve pros 
thesis 2802 assumes such proper valve insertion shape, the 
actuation arm 2828 may be rotated relative to the body 2830 
to engage a catch (not separately shown) that preserves the 
existing axial positions of the actuation arm 2828 and the 
body 2830 relative to each other, enabling the surgeon/clini 
cian to focus on proper placement of the valve prosthesis 
2802 relative to the diseased valve without being concerned 
that the valve prosthesis 2802 will abruptly revert to a previ 
ously held shape or assume any other shape that is not 
intended. 

0118 Referring to FIG. 37, the prosthesis release mecha 
nism2826 may further include an attachment sleeve 3700 that 
is spring biased outward of the proximal end 2820 of the tool 
2814 but is moveable axially relative to the body 2816. The 
attachment sleeve 3700 receives the release tube 2806 and the 
attachment fitting 2838, wherein the attachment fitting 2838 
cooperates with the attachment sleeve 3700 to axially secure 
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a distal end 3702 of the release tube 2806 relative to the 
attachment sleeve 3700. The prosthesis release mechanism 
2826 further includes one or more anti-rotation pins 3704 
emerging from the attachment sleeve 3700 and interacting 
with an axially-extending channel 3706 formed in the body 
2816 of the tool 2814 so as to prevent rotation of the attach 
ment sleeve 3700 relative to the body 2816 but permit the 
attachment sleeve 3700 to translate axially relative thereto. 
The actuation wheel 2840 may be coupled to the body 2816 of 
the tool 2814 via screw threads and may be adapted to contact 
the pins 3704 and urge the pins 3704 axially inward relative to 
the body 2816. This may cause the release tube 2806 to retract 
away from the valve prosthesis 2802, such that the resilient 
element 3216 (FIG. 32) is uncovered by the locking sleeve 
2810, the spring fingers 3310 separate from the hub 2900, and 
the delivery structure 2804 is no longer capable of axially 
urging the valve prosthesis 2802. As described above, in such 
circumstances, the delivery structure 2804 may be withdrawn 
from the patient, leaving the valve prosthesis 2802 in place 
relative to the diseased heart valve. 
0119) Although implementations of the invention have 
been described in detail above, those skilled in the art will 
readily appreciate that many additional modifications are 
possible without materially departing from the novel teach 
ings and advantages of the invention. Any Such modifications 
are intended to be included within the scope of the invention 
as defined in the following claims. 

1. A method of implanting a valve prosthesis with respect 
to an anatomical annulus, the method comprising: 

providing, in a vicinity of the anatomical annulus: 
a valve prosthesis including a resilient ring, a plurality of 

leaflet membranes mounted with respect to the resil 
ient ring, and a plurality of positioning elements mov 
ably mounted with respect to the flexible ring: 

a first elongate element terminating at the valve prosthe 
sis and manipulable by an operator to remotely rotate 
the positioning elements relative to the flexible ring: 
and 

a second elongate element terminating at the valve pros 
thesis and manipulable by an operator to remotely 
advance the valve prosthesis downward into the ana 
tomical annulus; 

manipulating the first elongate element to remotely rotate 
the positioning elements relative to the flexible ring 

manipulating the second elongate element to remotely 
advance the valve prosthesis into the anatomical annulus 
to assume a position within the anatomical annulus Suit 
able for Supporting post-implantation function of the 
valve prosthesis in situ; and 

manipulating the first elongate element to remotely further 
rotate the positioning element relative to the flexible ring 
to cause the positioning element to engage tissue asso 
ciated with the anatomical annulus for maintaining the 
post-implantation position of the valve prosthesis in situ. 

2. The method according to claim 1, wherein the first 
elongate element includes one or more filaments and the 
second elongate element is a delivery tube. 

3. A delivery system for percutaneous delivery of a valve 
prosthesis, comprising: 

a valve prosthesis including a flexible ring, a plurality of 
leaflet members mounted with respect to the flexible 
ring, and a plurality of positioning elements (i) mounted 
with respect to the flexible ring for engaging tissue at an 
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anatomical location, and (ii) rotatable relative to the 
flexible ring to facilitate delivery and implantation of the 
valve prosthesis; 

a first elongate element defining an internal lumen for 
accommodating a guide wire, the first elongate element 
being detachably mounted with respect to the valve 
prosthesis and manipulable by an operator to remotely 
position the valve prosthesis with respect to tissue at the 
anatomical location; 

one or more second elongate elements manipulable by an 
operator to remotely rotate the plurality of positioning 
elements with respect to the flexible ring; and 

a third elongate element manipulable by an operator to 
remotely decouple the first elongate element from the 
valve prosthesis after implantation thereof; 

wherein for purposes of being so manipulated, each of the 
second elongate element and the third elongate element 
is adapted to translate with respect to the first elongate 
element when at least partially disposed together with 
the first elongate element within a central lumen of a 
delivery catheter. 

4. The delivery system in accordance with claim3, wherein 
the first elongate element includes a delivery tube, the second 
elongate element includes a flexible cable, and wherein the 
flexible cable is at least partially contained within the delivery 
tube. 

5. The delivery system in accordance with claim3, wherein 
the first elongate element includes a delivery tube, the third 
elongate element includes a flexible sleeve, and the delivery 
tube is at least partially contained within the flexible sleeve. 

6. The delivery system in accordance with claim3, wherein 
the third elongate element terminates in a tool capable of 
coupling the first elongate element and the valve prosthesis 
together, and wherein the third elongate element is manipu 
lable to decouple the first elongate element from the valve 
prosthesis at least in part by rendering the tool incapable of 
continuing to couple the first elongate element and the valve 
prosthesis. 

7. The delivery system in accordance with claim 6, wherein 
the third elongate element is manipulable to decouple the first 
elongate element from the valve prosthesis by removing the 
tool from a corresponding interface between the first elongate 
element and the valve prosthesis. 

8. The delivery system in accordance with claim 7, wherein 
the tool at least partially Surrounds a corresponding portion of 
the valve prosthesis and is operable to engage and hold the 
corresponding portion against the first elongate element. 

9. The delivery system in accordance with claim 8, wherein 
the tool is a force-bearing loop of a flexible cable. 

10. The delivery system in accordance with claim 7. 
wherein the tool at least partially Surrounds a corresponding 
portion of the first elongate element and is operable to engage 
and hold the corresponding portion against the valve prosthe 
S1S. 

11. The delivery system in accordance with claim 10, 
wherein the tool is a collar and the corresponding portion of 
the first elongate element is a finger, the finger being associ 
ated with a spring bias and being adapted to engage the valve 
prosthesis upon the collar overcoming the spring bias. 

12. The delivery system in accordance with claim 3, 
wherein the third elongate element terminates in a tool 
capable of preventing the first elongate element and the valve 
prosthesis from becoming decoupled, and wherein the third 
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elongate element is manipulable to decouple the first elongate 
element from the valve prosthesis at least in part by rendering 
the tool incapable of continuing to prevent the first elongate 
element and the valve prosthesis from becoming decoupled. 

13. The delivery system in accordance with claim 12, 
wherein the tool is at least partially surrounded by a corre 
sponding portion of the first elongate element and is operable 
to block movement of the corresponding portion away from 
the valve prosthesis. 

14. The delivery system in accordance with claim 12, 
wherein the tool is a collar and the corresponding portion of 
the first elongate element is a finger, the finger being associ 
ated with a spring bias and being adapted to disengage the 
valve prosthesis when the collar no longer blocks movement 
of the finger away from the valve prosthesis and upon a 
concurrent defeat of the spring bias. 

15. The delivery system in accordance with claim 14, 
wherein the third elongate element is manipulable to 
decouple the first elongate element from the valve prosthesis 
at least in part by removing the collar from a vicinity of the 
finger. 

16. The delivery system in accordance with claim 14, 
wherein the third elongate element further includes a flexible 
cable extending upward from the force-bearing ring and 
extending alongside the first elongate element, and wherein 
the third elongate element is manipulable to decouple the first 
elongate element from the valve prosthesis at least in part by 
employing the flexible cable to pull the collar away from a 
vicinity of the finger. 

17. The delivery system in accordance with claim 3, 
wherein the third elongate element includes a flexible cable 
terminating in a loop in a vicinity of the valve prosthesis for 
transmitting a force to at least one of the first elongate element 
and the valve prosthesis. 

18. The delivery system in accordance with claim 17, 
wherein the flexible cable is adapted to transmit a coupling 
force whereby the loop thereof engages the valve prosthesis 
for pulling the valve prosthesis against the first elongate ele 
ment, and wherein the third elongate element is manipulable 
to remotely decouple the first elongate element from the valve 
prosthesis via an operator withdrawing the coupling force, 
such that the loop of the flexible cable is caused to cease so 
engaging the valve prosthesis. 

19. The delivery system in accordance with claim 17, 
wherein the flexible cable is adapted to transmit a decoupling 
force, whereby the loop engages a coupling element of the 
first elongate element for pulling the coupling element away 
from a corresponding coupling element of the valve prosthe 
sis, and wherein the third elongate element is manipulable to 
remotely decouple the first elongate element from the valve 
prosthesis via an operator applying the decoupling force. Such 
that the loop of the flexible cable is caused to engage the 
coupling element. 
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20. The delivery system in accordance with claim 3, 
wherein the third elongate element terminates in a displace 
able ring at least partially Surrounding the first elongate ele 
ment in a vicinity of the valve prosthesis. 

21. The delivery system in accordance with claim 20, 
wherein the displaceable ring is effective to maintain the first 
elongate element and the valve prosthesis in coupled engage 
ment, and wherein the third elongate element further includes 
a flexible sleeve extending upward from the force-bearing 
ring, and at least partially Surrounding the first elongate ele 
ment. 

22. The delivery system in accordance with claim 20, 
wherein the displaceable ring is effective to prevent the first 
elongate element and the valve prosthesis from being disen 
gaged, and wherein the third elongate element further 
includes a flexible cable extending upward from the displace 
able ring, extending alongside the first elongate element. 

23. A tool for facilitating percutaneous delivery of a valve 
prosthesis to an anatomical location, comprising: 

a body defining alongitudinal axis, a distal end disposed on 
the longitudinal axis, and a proximal end disposed on the 
longitudinal axis opposite the distal end; 

a first actuator mounted with respect to the body at one of 
the distal end thereof and the proximal end thereof, the 
first actuator being configured to receive and engage a 
first elongate element manipulable to remotely rotate a 
positioning element associated with a valve prosthesis, 
and being reciprocally actuatable with respect to the 
body for manipulating the first elongate element by 
causing the first elongate element to translate with 
respect to a delivery tube along the longitudinal axis; and 

a second actuator mounted with respect to the body at the 
other of the distal end thereof and the proximal end 
thereof, the second actuator being configured to receive 
and engage a second elongate element manipulable to 
remotely detach the delivery tube from the valve pros 
thesis, and being reciprocally actuatable with respect to 
the body for manipulating the second elongate element 
by causing the second elongate element to translate with 
respect to the delivery tube along the longitudinal axis. 

24. The tool according to claim 23, wherein the valve 
prosthesis includes a flexible ring, a plurality of leaflet mem 
bers mounted with respect to the flexible ring, and a plurality 
of positioning elements (i) mounted with respect to the flex 
ible ring for engaging tissue associated with the anatomical 
structure and (ii) rotatable relative to the flexible ring to 
facilitate delivery and implantation of the valve prosthesis. 

25. The tool according to claim 24, further comprising a 
delivery tube detachably coupled to the valve prosthesis and 
defining an internal lumen for accommodating a guide wire. 
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