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(57) ABSTRACT 

An apparatus and method for replacing a cardiac valve 
includes an expandable support member having oppositely 
disposed ?rst and second ends, a main body portion extend 
ing between the ends, and a prosthetic valve Within the main 
body portion. The main body portion has an annular shape 
for expanding into position in the annulus of the valve. The 
?rst and second ends include a plurality of upper and loWer 
Wing members movable from a collapsed condition into an 
extended condition for respectively engaging a ?rst section 
of cardiac tissue surrounding the valve and for engaging a 
portion of the native valve lea?ets to pin the lea?ets back 
against the annulus. The second end further includes at least 
tWo strut members spaced apart from each other. A respec 
tive one of the strut members is attached to at least one 
commissural section of the prosthetic valve to prevent 
prolapse of the valve lea?ets. 





Patent Application Publication Aug. 31, 2006 Sheet 2 0f 8 US 2006/0195183 A1 



Patent Application Publication Aug. 31, 2006 Sheet 3 0f 8 US 2006/0195183 A1 



ent Application Publicati 0 n A u . 3 1 2 0 0 6 S h e e t 4 0 f 8 

I "lIxl’rpI/l I’ I 
| .417 

, 4e 



Patent Application Publication Aug. 31, 2006 Sheet 5 0f 8 US 2006/0195183 A1 

A 
I § 

2 1 i. 



Patent Application Publication Aug. 31, 2006 Sheet 6 0f 8 US 2006/0195183 A1 



Patent Application Publication Aug. 31, 2006 Sheet 7 0f 8 US 2006/0195183 A1 

Fig. 12 



Patent Application Publication Aug. 31, 2006 Sheet 8 0f 8 US 2006/0195183 A1 



US 2006/0195183 A1 

APPARATUS AND METHODS FOR REPLACING A 
CARDIAC VALVE 

RELATED APPLICATION 

[0001] This application claims priority from US. provi 
sional patent application Ser. No. 60/654,725, ?led on Feb. 
18, 2005, the subject matter of Which is incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an apparatus and 
methods for treating a diseased cardiac valve, and is par 
ticularly directed to an apparatus and methods for the 
correction of mitral valve and tricuspid valve disorders via 
a minimally invasive or percutaneous approach. 

BACKGROUND OF THE INVENTION 

[0003] There are tWo atrio-ventricular valves in the heart; 
one on the left side of the heart and one on the right side of 
the heart. The left side atrio-ventricular valve is the mitral 
valve and the right side atrio-ventricular 

[0004] The mitral and tricuspid valves di?er signi?cantly 
in anatomy. While the annulus of the mitral valve is gener 
ally D-shaped, the annulus of the tricuspid valve is more 
circular. The e?fects of the valvular dysfunction vary 
betWeen the mitral valve and the tricuspid valve. Mitral 
valve regurgitation has more severe physiological conse 
quences to the patient than does tricuspid valve regurgita 
tion, a small amount of Which is tolerable. 

[0005] In mitral valve insu?iciency, the valve lea?ets do 
not fully close and a certain amount of blood leaks back into 
the left atrium When the left ventricle contracts. As a result, 
the heart has to Work harder by pumping not only the regular 
volume of the blood, but also the extra volume of blood that 
regurgitated back into the left atrium. The added Workload 
creates an undue strain on the left ventricle. This strain can 
eventually Wear out of the heart and result in morbidity When 
the conditions are prolonged and severe enough. Conse 
quently, proper function of the mitral valve is critical to the 
pumping e?iciency of the heart. 

[0006] Mitral and tricuspid valve disease is traditionally 
treated by either surgical repair With an annuloplasty ring or 
surgical replacement With a valve prosthesis. HoWever, 
surgical valve replacement or repair is often an exacting 
operation that is done through a surgical technique Where the 
thoracic cavity is opened. The operation requires use of a 
heart-lung machine for external circulation of the blood as 
the heart is stopped and opened during the surgical inter 
vention and the arti?cial cardiac valves and/or annuloplasty 
rings are seWed in under direct vision. This operation 
exposes the patient to many risks especially in the elderly 
population. Apercutaneous procedure that can be performed 
under local anesthesia in the cardiac catheriZation lab, rather 
than in cardiac surgery, could therefore o?fer tremendous 
bene?ts for these patients, many of Whom have no options 
today. Consequently, an apparatus for replacing a diseased 
atrioventricular valve using a minimally invasive, percuta 
neous approach Would be very helpful to provide additional 
opportunities to treat patients With severe valvular insu?i 
ciency, end stage heart failure, atrial ?brillation, and/or other 
associated arrhythmias. 
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SUMMARY OF THE INVENTION 

[0007] In one aspect of the present invention, an apparatus 
for replacing a cardiac valve having at least tWo native valve 
lea?ets is provided. The apparatus comprises an expandable 
support member having oppositely disposed ?rst and second 
ends and a main body portion extending betWeen the ends. 
The main body portion of the support member has an 
annular shape for expanding into position in the annulus of 
the cardiac valve. The ?rst end comprises a plurality of 
upper Wing members that extend from the main body 
portion. Each of the upper Wing members is movable from 
a radially collapsed condition into a radially extended con 
dition for engaging a ?rst section of cardiac tissue surround 
ing one side of the cardiac valve. The second end comprises 
a plurality of loWer Wing members that extend from the main 
body portion. Each of the loWer Wing members is movable 
from a radially collapsed condition into a radially extended 
condition for engaging a portion of the native valve lea?ets 
to pin the lea?ets back against the annulus of the native 
cardiac valve. The second end of the support member further 
includes at least tWo strut members that are spaced apart 
from each other. The at least tWo valve lea?ets are joined at 
at least tWo commissural sections that are spaced apart from 
each other. Each of the at least tWo commissural sections are 
attached to a respective one of the strut members to prevent 
prolapse of the valve lea?ets. A prosthetic valve is secured 
Within the main body portion of the support member. The 
prosthetic valve has at least tWo valve lea?ets that are 
coaptable to permit unidirectional ?oW of blood. 

[0008] In another aspect of the present invention, at least 
a portion of the support member is treated With at least one 
therapeutic agent for eluting into cardiac tissue. 

[0009] In yet another aspect of the present invention, a 
method for replacing a cardiac valve having at least tWo 
native valve lea?ets is provided. According to the inventive 
method, a prosthetic valve having at least tWo valve lea?ets 
that are coaptable to permit unidirectional ?oW of blood is 
provided. The prosthetic valve includes an expandable sup 
port member having oppositely disposed ?rst and second 
ends and a main body portion extending betWeen the ends. 
The expandable support member further includes a plurality 
of upper Wing members that extend from one end of the 
main body portion, and a plurality of loWer Wing members 
that extend from an opposite end of the main body portion. 
The second end of the support member further includes at 
least tWo strut members. The prosthetic valve includes at 
least tWo valve lea?ets that are joined together at at least tWo 
commissural sections. Each of the at least tWo commissural 
sections are attached to a respective one of the strut members 
to prevent prolapse of the valve lea?ets. The main body 
portion of the prosthetic valve is placed Within the annulus 
of the cardiac valve to be replaced, and is then expanded into 
engagement With the annulus of the cardiac valve to secure 
the prosthetic valve in the annulus. The upper Wing members 
are deployed from a radially collapsed condition into a 
radially extended condition into engagement With a ?rst 
section of cardiac tissue surrounding one side of the cardiac 
valve. The loWer Wing members are deployed from a radi 
ally collapsed condition into a radially extended condition 
into engagement With a portion of the native valve lea?ets to 
pin the lea?ets back against the annulus of the native cardiac 
valve. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other features of the present 
invention Will become apparent to those skilled in the art to 
Which the present invention relates upon reading the fol 
loWing description With reference to the accompanying 
draWings, in Which: 

[0011] FIG. 1 is a schematic sectional vieW of an appa 
ratus for replacing a diseased cardiac valve in accordance 
With the present invention and illustrating the apparatus 
being delivered to the diseased valve in a collapsed condi 
tion through a percutaneous procedure; 

[0012] FIG. 2 is a perspective vieW of the apparatus of 
FIG. 1 in a radially expanded condition; 

[0013] FIG. 3 is a perspective vieW shoWing an alternative 
embodiment of the apparatus in FIG. 2; 

[0014] FIG. 4 is a perspective vieW shoWing another 
alternative embodiment of the apparatus shoWn in FIG. 2; 

[0015] FIG. 5 is a vieW similar to FIG. 1 illustrating the 
placement of the apparatus in the annulus of the cardiac 
valve in the expanded condition; 

[0016] FIG. 6 is a schematic sectional vieW taken along 
6-6 in FIG. 5; 

[0017] FIG. 7 is a schematic top vieW taken along line 7-7 
in FIG. 5 With parts omitted for clarity; 

[0018] FIG. 8 is a schematic bottom vieW taken along line 
8-8 in FIG. 5 With parts omitted for clarity; 

[0019] FIG. 9 is a plan vieW of the apparatus in FIG. 4 
illustrating an alternative embodiment of the apparatus; 

[0020] FIG. 10 is a vieW similar to FIG. 9 illustrating 
another alternative construction of the apparatus; 

[0021] FIG. 11 is a perspective vieW shoWing an altema 
tive embodiment of the apparatus in FIG. 4 having arti?cial 
chordae; and 

[0022] FIG. 12 is a schematic top vieW similar to FIG. 7 
and illustrating an alternate embodiment of the apparatus. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0023] The present invention relates to an apparatus and 
methods for treating a diseased cardiac valve, and is par 
ticularly directed to an apparatus and methods for the 
correction of mitral valve and tricuspid valve disorders via 
a minimally invasive and/or percutaneous approach. As 
representative of the present invention, FIGS. 1 and 2 
illustrate an apparatus 10 that includes a prosthetic valve 12 
for replacing a dysfunctional cardiac valve, such as a mitral 
valve 14, by inserting the prosthetic valve over the native 
mitral valve so that the prosthetic valve assumes the valvular 
function. It should be understood, hoWever, that the appa 
ratus 10 disclosed herein could also be used to replace other 
cardiac valves, such as a tricuspid, pulmonary, or aortic 
valve. 

[0024] As shoWn in FIG. 1, the mitral valve 14 is located 
betWeen the left atrium 16 and the left ventricle 18 and 
functions to prevent the back?oW of blood from the left 
ventricle into the left atrium during contraction. The mitral 
valve 14 has a D-shaped annulus 20 that de?nes the opening 
betWeen the left atrium 16 and the left ventricle 18. The 
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mitral valve 14 is formed by tWo lea?ets; namely, the 
anterior lea?et 22 and the posterior lea?et 24 (FIG. 6). The 
anterior lea?et 22 extends along the generally planar base of 
the D-shaped valve annulus 20, While the posterior lea?et 24 
extends arcuately around the curved portion of the D-shaped 
annulus of the mitral valve 14. Chordae tendinea 26 (FIG. 
1) extend betWeen the free edges 28 of both lea?ets 22 and 
24 to the papillary muscles 30 in the left ventricle 18. 

[0025] The apparatus 10 for replacing the dysfunctional 
mitral valve 14 includes an expandable support member 40 
(FIG. 2), commonly referred to as a stent, and the prosthetic 
valve 12. The support member 40 has a knoWn stent 
con?guration that alloWs it to be collapsed and expanded. 
The support member 40 may be made from any suitable 
medical grade metal or plastic, including shape memory 
materials such as Nitinol, stainless steel, and/or titanium. 

[0026] The support member 40 is annular in shape and 
includes oppositely disposed ?rst and second ends 42 and 44 
With a main body portion 46 extending betWeen the ends. As 
shoWn in FIGS. 2-8, When the support member 40 is 
expanded, the main body portion 46 has a concave cross 
sectional shape for conforming to the convex shape of the 
valve annulus 20. 

[0027] The apparatus 10 may further include a layer 50 
(FIG. 3) of biocompatible material covering at least a 
portion of the support member 40. The layer 50 of biocom 
patible material may be a synthetic such as Dacron® 
(Invista, Wichita, Kans.), Gore-Tex® (W. L. Gore & Asso 
ciates, Flagstaff, AriZ.), Woven velour, polyurethane, poly 
tetra?uoroethylene (PTFE), or heparin-coated fabric. Alter 
natively, the layer 50 may be a biological material such as 
bovine or equine pericardium, peritoneal tissue, an allograft, 
a homograft, patient graft, or a cell-seeded tissue. The layer 
50 can cover either the inside surface of the support member 
40, the outside surface of the support member, or can be 
Wrapped around both the inside and outside surfaces. The 
layer 50 may be attached around the entire circumference of 
the support member 40 or, alternatively, may be attached in 
pieces or interrupted sections to alloW the support member 
to more easily expand and contract. As shoWn in FIG. 3, for 
example, only the main body portion 46 of the prosthetic 
valve 12 may be covered With the layer 50 of biocompatible 
material. Alternatively, the support member 40 may be 
entirely covered With the layer 50 of biocompatible material 
(FIG. 4). 
[0028] The ?rst end 42 of the support member 40 com 
prises a plurality of upper Wing members 60 that extend 
integrally from the main body portion 46. In the embodiment 
illustrated in FIGS. 1-8, there are four upper Wing members 
60 spaced about the circumference of the support member 
40, but it should be understood that more or less than four 
upper Wing members could be used. The upper Wing mem 
bers 60 are movable from the radially collapsed condition of 
FIG. 1 to the radially extended condition of FIGS. 2-8. Each 
upper Wing member 60 may also include at least one 
attachment mechanism 62, such as a barb 64 or suture, for 
embedding into a ?rst section of cardiac tissue (e.g., the Wall 
of the left atrium 16) to help secure the support member 40 
in the annulus 20 of the mitral valve 14. 

[0029] The second end 44 of the support member 40 
comprises a plurality of loWer Wing members 70 that extend 
integrally from the main body portion 46. In the embodiment 
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illustrated in FIGS. 1-8, there are four lower Wing members 
70 spaced about the circumference of the support member 
40. More speci?cally, there are ?rst and second loWer Wing 
members 72 and 74, spaced approximately 1800 apart, for 
positioning at the commissures of the native mitral valve 14, 
and third and fourth loWer Wing members 76 and 78 (FIG. 
7), spaced approximately 1800 apart, for positioning directly 
over respective central portions of the native lea?ets 22 and 
24. The third and fourth loWer Wing members 76 and 78 are 
spaced in-betWeen the ?rst and second loWer Wing members 
72 and 74, respectively. It is contemplated, hoWever, that 
more or less than four loWer Wing members 70 could be 
used. Further, it is contemplated that the third and fourth 
loWer Wing members 76 and 78 positioned over the lea?ets 
22 and 24 could be omitted completely. 

[0030] Each of the loWer Wing members 70 is movable 
from the radially collapsed condition of FIG. 1 to the 
radially extended condition of FIGS. 2-8 for engaging a 
portion of the native valve lea?ets 22 and 24 to pin the 
lea?ets back against the native valve annulus 20. The loWer 
Wing members 70 may also include at least one attachment 
mechanism 62, such as a barb 64 or suture, for embedding 
into at least one of the native valve lea?ets 22 and 24 to help 
secure the support member 40 in the annulus 20 of the mitral 
valve 14. 

[0031] The second end 44 of the support member 40 
additionally includes at least tWo strut members 45. As 
shoWn in FIG. 2, the valve lea?ets of the prosthetic valve 12 
are joined together at at least tWo commissural sections 47 
that are spaced apart from each other. Each of the at least tWo 
commissural sections 47 are attached to a representative one 
of the strut members 45 to prevent prolapse of prosthetic 
valve lea?ets 90 and 92, described in detail beloW. The strut 
members 45 are securely attached to, and extend in a 
generally axial manner from, the support member 40. The 
strut members 45 are securely connected to the prosthetic 
valve 12 by sutures, for example, and may be made from any 
suitable medical grade metal or plastic, including shape 
memory materials such as Nitinol, stainless steel, and/or 
titanium. As illustrated in FIG. 2, the strut members 45 have 
a bare metal con?guration and do not extend beyond the 
length of the prosthetic valve 12. It is contemplated, hoW 
ever, that the con?guration of the strut members 45 may be 
varied as needed. For example, the strut members 45 may be 
covered by a layer 50 of biocompatible material and extend 
beyond the length of the prosthetic valve 12. 

[0032] The prosthetic valve 12 of the present invention 
may comprise a stentless prosthetic valve. By “stentless” it 
is meant that the valve components including the lea?ets of 
the prosthetic valve 12 are not reinforced With a support 
structure, such as a stent or other similar structure. The 
prosthetic valve 12 is secured, for example, by sutures or 
other suitable means Within the main body portion 46 of the 
support member 40. 

[0033] The prosthetic valve 12 may be ?xed and preserved 
using a variety of knoWn methods. The use of chemical 
processes for the ?xation and preservation of biological 
tissues have been described and are readily available in the 
art. For example, glutaraldehyde, and other related alde 
hydes have seen Widespread use in preparing cross-linked 
biological tissues. 
[0034] Glutaraldehyde is a ?ve carbon aliphatic molecule 
With an aldehyde at each end of the chain, rendering it 
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bifunctional. These aldehyde groups react under physiologi 
cal conditions With primary amine groups on collagen 
molecules resulting in the cross-linking of collagen contain 
ing tissues. Methods for glutaraldehyde ?xation of biologi 
cal tissues have been extensively described and are Well 
knoWn in the art. In general, a tissue sample to be cross 
linked is simply contacted With a glutaraldeyde solution for 
a duration effective to cause the desired degree of cross 
linking Within the biological tissue being treated. 

[0035] Many variations and conditions have been applied 
to optimiZe glutaraldehyde ?xation procedures. For 
example, loWer concentrations have been found to be better 
in bulk tissue cross-linking compared to higher concentra 
tions. It has been proposed that higher concentrations of 
glutaraldehyde may promote rapid surface cross-linking of 
the tissue, generating a barrier that impedes or prevents the 
further diffusion of glutaraldehdye into the tissue bulk. For 
most bioprosthesis applications, the tissue is treated With a 
relatively loW concentration glutaraldehyde solution, e.g., 
typically betWeen 0.l%-5%, for 24 hours or more to ensure 
optimum ?xation. Various other combinations of glutaral 
dehyde concentrations and treatment times Will also be 
suitable depending on the objectives for a given application. 
Examples of such other combinations include, but are not 
limited to, US. Pat. Nos. 6,547,827, 6,561,970, and 6,878, 
168, all of Which are hereby incorporated by reference in 
their entirety. 

[0036] In addition to bifunctional aldehydes, many other 
chemical ?xation procedures have been described. For 
example, some such methods have employed polyethers, 
polyepoxy compounds, diisocyanates, and aZides. These and 
other approaches available to the skilled individual in the art 
for treating biological tissues are suitable for cross-linking 
vascular graft tissue according to the present invention. 

[0037] The prosthetic valve 12 may also be treated and 
preserved With a dry tissue valve procedure as described in 
US. Pat. No. 6,534,004, the entire contents of Which are 
hereby incorporated by reference. Furthermore, the pros 
thetic valve 12 may be treated With anti-calci?cation solu 
tions, such as XenoLogiX® treatment (EdWards Life 
sciences, Irvine, Calif.) or the SynerGraft® (CryoLife, Inc., 
KennesaW, Ga.) treatment process, and/or anti-calci?cation 
agents, such as alfa-amino oleic acid. 

[0038] The prosthetic valve 12 can be made With only one 
piece of pericardial tissue, for example, as shoWn in FIG. 9. 
Where a single piece of pericardial tissue is used, a seam 96 
is formed by suturing the ends of the tissue. Alternatively, 
the prosthetic valve 12 can be made With tWo pieces of 
pericardial tissue, one of Which Will form the ?rst lea?et 90 
and the other forms the second lea?et 92 of the prosthetic 
valve, as may be seen in FIG. 10. Where tWo pieces of 
pericardial tissue are used (FIG. 10), it is necessary to suture 
the tissue in tWo locations, thereby forming tWo seams 98 
and 100. The seams 96, 98, and 100 are alWays placed at 
What Will be the commissures of the prosthetic valve 12, 
Where the ?rst lea?et 90 meets the second lea?et 92. 

[0039] FIG. 11 illustrates an alternative embodiment of 
the present invention. The apparatus 10a of FIG. 11 is 
identically constructed as the apparatus 10 of FIGS. 2-8, 
except Whereas described beloW. In FIG. 11, structures that 
are identical as structures in FIGS. 2-8 use the same 

reference numbers, Whereas structures that are similar but 
not identical carry the su?ix “a”. 
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[0040] As shown in FIG. 11, the apparatus 10a includes an 
expandable support member 40 having a ?exible con?gu 
ration and a prosthetic valve 12,. The support member 40 is 
annular in shape and includes oppositely disposed ?rst and 
second ends 42 and 44 With a main body portion 40 
extending betWeen the ends. The apparatus 10a may further 
include a layer 50 of biocompatible material covering at 
least a portion of the support member 40. 

[0041] The ?rst and second ends 42 and 44 of the support 
member 40 respectively comprises a plurality of upper and 
loWer Wing members 60 and 70 that extend integrally from 
the main body portion 46. The upper and loWer Wing 
members 60 and 70 are movable from the radially collapsed 
condition of FIG. 1 to the radially extended condition of 
FIG. 11. Each upper Wing member 60 may also include at 
least one attachment mechanism 62, such as a barb 64 or 
suture, for embedding into a ?rst section of cardiac tissue 
(e. g., the Wall of the left atrium 16) to help secure the support 
member 40 in the annulus 20 of the mitral valve 14. The 
loWer Wing members 70 may also include at least one 
attachment mechanism 62, such as a barb 64 or suture, for 
embedding into at least one of the native valve lea?ets 22 
and 24 to help secure the support member 40 in the annulus 
20 of the mitral valve 14. 

[0042] The prosthetic valve 12a of the apparatus 10a (and 
also the previously described valve 12) may comprise a 
stentless prosthetic valve, for example, having dimensions 
that correspond to the dimensions of the native mitral valve 
14. Where the prosthetic valve 12a is comprised of biological 
material, the biological material can include a harvested 
biological material such as bovine pericardial tissue, equine 
pericardial tissue, porcine pericardial tissue, animal or 
human peritoneal tissue, or mitral, aortic, and pulmonary 
xenograft or homograft. The biocompatible material may 
also include a suitable synthetic material such as polyure 
thane, expanded PTFE, Woven velour, Dacron®, heparin 
coated fabric, or Gore-Tex®. 

[0043] The prosthetic valve 12a further includes ?rst and 
second lea?ets 90 and 92 that mimic the three-dimensional 
anatomical shape of the anterior and posterior lea?ets 22 and 
24, respectively, of the mitral valve 14. The valve lea?ets of 
the prosthetic valve 12a are joined together at at least tWo 
commissural sections 47 that are spaced apart from each 
other. The prosthetic valve 12a also includes a distal end 86 
that de?nes a ?rst annulus 94 at Which the ?rst and second 
lea?ets 90 and 92 terminate. 

[0044] Additionally, the prosthetic valve 12a includes ?rst 
and second pairs 102 and 104, respectively, of prosthetic 
chordae 106 that project from the ?rst and second lea?ets 90 
and 92 at the ?rst annulus 94. Each of the prosthetic chordae 
106 comprises a solid uninterrupted extension of biocom 
patible material. Each of the ?rst pair 102 of prosthetic 
chordae 106 has a distal end 108 and each of the second pair 
104 of prosthetic chordae has a distal end 110. 

[0045] As shoWn in FIG. 11, the second end 44 of the 
support member 40 may additionally include at least tWo 
strut members 45a spaced apart from each other. Each of the 
at least tWo commissural sections 47 of the prosthetic valve 
12a are attached to a respective one of the strut members 45 
to prevent prolapse of the valve lea?ets 90 and 92. The strut 
members 45a are integrally connected to the support member 
40 and extend in a generally axial manner along the pros 
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thetic valve 12,. The strut members 45a may be attached to 
the distal ends 108 of the ?rst pair 102 of the prosthetic 
chordae 106 by sutures, for example. Alternatively, the strut 
members 45a may be attached to the distal ends 110 of the 
second pair 104 of the prosthetic chordae 106. It is contem 
plated that the con?guration of the strut members 45a may be 
varied as needed. For instance, the strut members 45a may 
have a shorter length than the length of the strut members 
illustrated in FIG. 11. In this instance, the strut members 45a 
may be attached at a position proximal to the distal ends 108 
and 110 of the prosthetic chordae 106, such as at or near the 
?rst annulus 94 of the prosthetic valve 12,. 

[0046] The present invention may be treated With at least 
one therapeutic agent capable of preventing a variety of 
pathological conditions including, but not limited to, throm 
bosis, restenosis and in?ammation. Accordingly, the thera 
peutic agent may include at least one of an anticoagulant, an 
antioxidant, a ?brinolytic, a steroid, an anti-apoptotic agent, 
and/or an anti-in?ammatory agent. 

[0047] Optionally or additionally, the therapeutic agent 
may be capable of. treating or preventing other diseases or 
disease processes such as microbial infections, arrhythmias, 
and/or heart failure. In these instances, the therapeutic agent 
may include an antiarrhythmic agent, an inotropic agent, a 
chronotropic agent, and/or a biological agent such as a cell 
or protein. More speci?c types of these therapeutic agents 
are listed beloW, including other types of therapeutic agents 
not discussed above. 

[0048] Examples of acceptable therapuetic agents include 
Coumadin, heparin, synthetic heparin analogues (e.g., 
fondaparinux), G(GP) llb/llla inhibitors, vitronectin receptor 
antagonists, hirudin, antithrombin III, drotrecogin alpha; 
?brinolytics such as alteplase, plasmin, lysokinase, factor 
Xlla, factor Vlla, prourokinase, urokinase, streptokinase; 
thrombocyte aggregation inhibitors such as ticlopidine, clo 
pidogrel, abciximab, dextrans; corticosteroids such as ald 
lometasones, amcinonides, augmented betamethasones, 
beclomethasones, betamethasones, budesonides, cortisones, 
clobetasol, clocortolones, desonides, desoximetasones, dex 
amethasones, ?ucinolones, ?uocinonides, ?urandrenolides, 
?unisolides, ?uticasones, halcinonides, halobetasol, hydro 
cortisones, methylprednisolones, mometasones, prednicar 
bates, prednisones, prednisolones, triamcinolones; ?brin 
olytic agents such as tissue plasminogen activator, 
streptokinase, dipyridamole, ticlopidine, clopidine, and 
abciximab; non-steroidal anti-in?ammatory drugs such as 
salicyclic acid and salicyclic acid derivatives, para-ami 
nophenol derivatives, indole and indene acetic acids (e.g., 
etodolac, indomethacin, and sulindac), heteroaryl acetic 
acids (e.g., ketorolac, diclofenac, and tolmetin), arylpropi 
onic acids (e.g., ibuprofen and derivatives thereof), anthra 
nilic acids (e.g., meclofenamates and mefenamic acid), 
enolic acids (e.g., piroxicam, tenoxicam, phenylbutaZone, 
and oxyphenthatraZone), gold compounds (e.g., aurano?n, 
aurothioglucose, and gold sodium thiomalate), di?unisal, 
meloxicam, nabumetones, naproxen, oxaproZin, salsalate, 
celecoxib, rofecoxib; cytostatics such as alkaloids and podo 
phyllum toxins such as vinblastin, vincristin; alkylants such 
as nitrosoureas and nitrogen lost analogues; cytotoxic anti 
biotics such as daunorubicin, doxorubicin, and other anthra 
cyclins and related substances, bleomycin, and mitomycin; 
antimetabolites such as folic acid analogues, purine ana 
logues and related inhibitors (e.g., mercaptopurine, thiogua 
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nine, pentostatin, and 2-chlorodeoxyadenosine), pyrimidine 
analogues (e.g., ?uorouracil, ?oxuridine, and cytarabine), 
and platinum coordination complexes (e.g., cisplatinum, 
carboplatinum and oxaliplatinum); tacrolimus, aZathioprine, 
cyclosporine, paclitaxel, docetaxel, sirolimus; amsacrin, 
irinotecan, imatinib, topotecan, interferon-alpha 2a, inter 
feron-alpha 2b, hydroxycarbamide, miltefosin, pentostatin, 
por?mer, aldesleukin, bexarotene, and tretinoin; antiandro 
gens and antiestrogens; antiarrythmics, in particular antiar 
rhythmics of class I such as antiarrhythmics of the quinidine 
type (e.g., quinidine, dysopyramide, ajmaline, prajmalium 
bitartrate, and detajmium bitartrate); antiarrhythmics of the 
lidocaine type, (e.g., lidocaine, mexiletin, phenyloin, and 
tocainid); antiarrhythmics of class I C (e.g., propafenone, 
?ecainide (acetate)); antiarrhythmics of class II, including 
betareceptor blockers such as metoprolol, esmolol, propra 
nolol, metoprolol, atenolol, and oxprenolol; antiarrhythmics 
of class III such as amiodaron and sotalol; antiarrhythmics 
of class IV such as diltiaZem, and verapamil; and other 
antiarrhythmics such as adenosine, orciprenaline, and ipra 
tropium bromide. 
[0049] Other types of therapeutic agents may include 
digitalis glycosides such as acetyl digoxin/methyldigoxin, 
digitoxin, and digoxin; heart glycosides such as ouabain and 
proscillaridin; antihypertensives such as centrally effective 
antiadrenergic substances (e.g., methyldopa and imidaZoline 
receptor agonists); calcium channel blockers of the dihy 
dropyridine type, such as nifedipine and nitrendipine; ACE 
inhibitors (e.g., quinaprilate, cilaZapril, moexipril, trandola 
pril, spirapril, imidapril, and trandolapril); angiotensin-ll 
antagonists (e.g., candesartancilexetil, valsartan, telmisar 
tan, olmesartan medoxomil, and eprosartan); peripherally 
effective alpha-receptor blockers such as praZosin, urapidil, 
doxaZosin, bunaZosin, teraZosin, and indoramin; vasodila 
tors such as dihydralaZine, diisopropyl amine dichloroac 
etate, minoxidil, and nitropiusside-sodium; other antihyper 
tonics such as indapamide, codergocrin mesilate, 
dihydroergotoxin methane sulphonate, cicletanin, bosentan, 
and ?udrocortisone; phosphodiesterase inhibitors, such as 
milrinone and enoximone, as Well as antihypotonics (e.g., 
adrenergics and dopaminergic substances such as dob 
utamine, epinephrine, etilefrine, norfenefrine, norepineph 
rine, oxilofrine, dopamine, midodrine, pholedrine, and 
ameZinium methyl) and partial adrenoceptor agonists (e.g., 
dihydroergotamine); ?bronectin, polylysines and ethylene 
vinyl acetates; and adhesive substances such as cyanoacry 
lates, beryllium, and silica. 
[0050] Additional therapeutic agents may also include 
antibiotics and antiinfectives such as [3-lactam antibiotics 
(e.g., [3-lactamase-sensitive penicillins, including benZyl 
penicillins (penicillin G) and phenoxymethylpenicillin 
(penicillin V)); [3-lactamase-resistant penicillins, such as 
aminopenicillins, Which include amoxicillin, ampicillin, and 
bacampicillin; acylaminopenicillins such as meZlocillin and 
piperacillin; carboxypenicillines and cephalosporins (e.g., 
cefaZolin, cefuroxim, cefoxitin, cefotiam, cefaclor, 
cefadroxil, cefalexin, loracarbef, ce?xim, cefuroximaxetil, 
ceftibuten, cefpodoximproxetil, and cefpodoximproxetil); 
aZtreonam, ertapenem, and meropenem; [3-lactamase inhibi 
tors such as sulbactam and sultamicillintosilates; tetracy 
clines such as doxycycline, minocycline, tetracycline, chlo 
rotetracycline, oxytetracycline; aminoglycosides such as 
gentamicin, neomycin, streptomycin, tobramycin, amikasin, 
netilmicin, paromomycin, framycetin, and spectinomycin; 
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makrolide antibiotics such as aZithromycin, clarithromycin, 
erythromycin, roxithromycin, spiramycin, and josamycin; 
lincosamides such as clindamycin and lincomycin; gyrase 
inhibitors, such as ?uoroquinolones, Which include ciprof 
loxacin, o?oxacin, moxi?oxacin, nor?oxacin, gati?oxacin, 
enoxacin, ?eroxacin, and levo?oxacin; quinolones such as 
pipemidic acid; sulphonamides such as trimethoprim, sul 
phadiaZin, and sulphalene; glycopeptide antibiotics such as 
vancomycin and teicoplanin; polypeptide antibiotics, such 
as polymyxins, Which include colistin, polymyxin-b, and 
nitroimidaZol derivatives (e.g., metronidaZol and tinidaZol); 
aminoquinolones such as chloroquin, me?oquin, and 
hydroxychloroquin; biguanides such as proguanil; quinine 
alkaloids and diaminopyrimidines such as pyrimethamine; 
amphenicols such as chloramphenicol; rifabutin, dapsone, 
fusidinic acid, fosfomycin, nifuratel, telithromycin, fusafun 
gin, fosfomycin, pentamidindiisethionate, rifampicin, tauro 
lidine, atovaquone, and lineZolid; virostatics such as aciclo 
vir, ganciclovir, famciclovir, foscamet, inosine (dimepranol 
4-acetamidobenZoate), valganciclovir, valaciclovir, 
cidofovir, and brivudin; tyrosine kinase inhibitors; anti 
apoptotic agents such as caspase inhibitors (e.g., ?uorom 
ethylketone peptide derivatives), calpain inhibitors, cathep 
sin inhibitors, nitric oxide synthase inhibitors, ?avonoids, 
vitamin A, vitamin C, vitamin E, vitamin D, pycnogenol, 
super oxidedismutase, N-acetyl cysteine, selenium, cat 
echins, alpha lipoic acid, melatonin, glutathione, Zinc chela 
tors, calcium chelators, and L-arginine; Warfarin; beta 
blockers; diuretics; spirolactone; and natural products such 
as vinca alkaloids (e.g., vinblastine, vincristine and vinorel 
bine). 
[0051] As noted above, the therapeutic agent may also 
include a biological agent. The biological agent may include 
organic substances such as peptides, proteins, enZymes, 
carbohydrates (e.g., monosaccharides, oligosaccharides and 
polysacchardies), lipids, phospholipids, steroids, lipopro 
teins, glycoproteins, glycolipids, proteoglycans, polynucle 
otides (e.g., DNA and RNA), antisense polynucleotides 
(e.g., c-myc antisense), antibodies (e.g., monoclonal or 
polycolonal) and/or antibody fragments (e.g., anti-CD34 
antibody), bioabsorbable polymers (e.g., polylactonic acid), 
chitosan, extracellular matrix modulators, such as matrix 
metalloproteinases (MMP), Which include MMP-2, MMP-9 
and Batimastat; and protease inhibitors. 

[0052] Biological agents may include, for example, agents 
capable of stimulating angiogenesis in the myocardium. 
Such agents may include vascular endothelial groWth factor 
(V EGF), basic ?broblast groWth factor (bFGF), non-viral 
DNA, viral DNA, and endothelial groWth factors (e.g., 
FGF-l, FGF-2, VEGF, TGF). Other groWth factors may 
include erythropoietin and/or various hormones such as 
corticotropins, gonadotropins, sonlatropin, thyrotrophin, 
desmopressin, terlipressin, oxytocin, cetrorelix, corticorelin, 
leuprorelin, triptorelin, gonadorelin, ganirelix, buserelin, 
nafarelin, and goserelin. Additional groWth factors may also 
include cytokines, epidermal groWth factors (EGF), platelet 
derived groWth factor (PDGF), transforming groWth fac 
tors-[3 (TGF-B), transforming groWth factor-0t (TGF-ot), 
insulin-like growth factor-I (lGF-l), insulin-like groWth fac 
tor-ll (lGF-ll), interleukin-1 (IL-1), interleukin-2 (IL-2), 
interleukin-6 (IL-6), interleukin-8 (IL-8), tumour necrosis 
factor-0t (TNF-ot), tumour necrosis factor-[3 (TNF-B), inter 
feron-y (INF-y), colony stimulating factors (CSFs); mono 
cyte chemotactic protein, and ?broblast stimulating factor 1. 
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[0053] Still other biological agents may include regulatory 
peptides such as somatostatin and octreotide; bisphospho 
nates (e.g., risedronates, pamidronates, ibandronates, 
Zoledronic acid, clodronic acid, etidronic acid, alendronic 
acid, and tiludronic acid); ?uorides such as disodium ?uo 
rophosphate and sodium ?uoride; calcitonin and dihydro 
tachystyrene; histamine; ?brin or ?brinogen; endothelin-l; 
angiotensin II; collagens; bromocriptin; methylsergide; 
methotrexate; carbontetrachloride and thioacetamide. 

[0054] The present invention may also be treated (i.e., 
seeded) With other biological agents, such as cells. Suitable 
cells may include any one or combination of eukaryotic 
cells. Additionally or optionally, the cells may be capable of 
producing therapeutic agents and/or genetically engineered 
to produce therapeutic agents. Suitable cells for use in the 
present invention include, for example, progentior cells such 
as adult stem cells, embryonic stem cells, and umbilical cord 
blood stem cells. The cells may be autologous or allogenic, 
genetically engineered or non-engineered, and may include, 
for example, mesenchymal or mesoderrnal cells, including, 
but not limited to, endothelial progenitor cells, endothelial 
cells, and ?broblasts. Mixtures of such cells can also be 
used. 

[0055] Avariety of ex vivo or in vivo methods can be used 
to deliver a nucleic acid molecule or molecules, such as a 
gene or genes, to the cells. For example, the cells can be 
modi?ed (i.e., genetically engineered) to produce or secrete 
any one or combination of the aforementioned therapeutic 
agents, including, but not limited to, anticoagulant agents, 
antiplatelet agents, anti?brinolytic agents, angiogenesis fac 
tors, and the like. Ex vivo gene transfer is a process by Which 
cells are removed from the body using Well knoWn tech 
niques, genetically manipulated, usually through transduc 
tion or transfection of a nucleic acid molecule into the cells 
in vitro, and the returned to the body for therapeutic pur 
poses. This contrasts With in vivo genetic engineering Where 
a gene transfer vector is administered to a patient resulting 
in genetic transfer into cells and tissues in the intact patient. 
Ex vivo and in vivo gene transfer techniques are Well knoWn 
to one of skill in the art. 

[0056] To treat the present invention With at least one 
therapeutic agent, a variety of methods, agents, and com 
positions may be used. For example, the therapeutic agent 
can be simply linked to the stent surface, embedded and 
released from Within polymer materials, such as a polymer 
matrix, or surrounded by and released through a carrier. 
Several approaches to treating medical devices With thera 
peutic agents exist. Some therapeutic agents can be loaded 
directly onto metallic surfaces; hoWever, a coating compo 
sition, typically comprised of at least one polymer and at 
least one therapeutic agent, is usually used to treat drug 
eluting devices. The coating composition ensures retention 
of the therapeutic agent during deployment and modulates 
elution kinetics of the therapeutic agent. By altering the 
release kinetics of different therapeutic agents in the same 
coating composition, distinct phases of a given disease 
process may be targeted. 

[0057] The present invention may be treated With a coat 
ing composition comprising at least one therapeutic agent 
and at least one polymer or oligomer material. The poly 
mer(s) and/or oligomer(s) may be of various types and from 
various sources, including natural or synthetic polymers, 
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Which are biocompatible, biodegradable, bioabsorbable and 
useful for controlled release of the therapeutic agent. For 
example, synthetic polymers can include polyesters, such as 
polylactic acid, polyglycolic acid, and/or combinations 
thereof, polyanhydrides, polycaprolactones, polyhydroxy 
butyrate valerates, and other biodegradable polymers or 
mixtures of copolymers thereof. Natural polymeric materials 
can include proteins such as collagen, ?brin, elastin, extra 
cellular matrix components, other biologic agents, and/or 
mixtures thereof. 

[0058] The polymer material or mixture thereof of the 
coating composition can be applied With the therapeutic 
agent on the surface of the present invention and can 
comprise a single layer. Optionally, multiple layers of the 
polymer material can be applied to form the coating com 
position. Multiple layers of the polymer material can also be 
applied betWeen layers of the therapeutic agent. For 
example, the polymeric layers may be applied sequentially, 
With the ?rst layer directly in contact With the uncoated 
surface of the apparatus and a second layer comprising the 
therapeutic agent and having one surface in contact With the 
?rst layer and the opposite surface in contact With a third 
layer of polymeric material Which is in contact With the 
surrounding tissue. Additional layers of the polymeric mate 
rial and therapeutic agent can be added as required. 

[0059] Alternatively, the coating composition can be 
applied as multiple layers comprising one or more thera 
peutic agents surrounded by polymer material. For instance, 
the coating composition can comprise multiple layers of a 
single therapeutic agent, one or more therapeutic agents in 
each layer, and/or differing therapeutic agents in alternating 
layers. Alternatively, the layers comprising the therapeutic 
agent can be separated from one another by a layer of 
polymer material. 

[0060] The coating composition may further comprise at 
least one pharmaceutically acceptable polymers and/or phar 
maceutically acceptable carriers, for example, non-absorb 
able polymers, such as ethylene vinyl acetate and methyl 
methacrylate. The non-absorbable polymer, for example, 
can aid in further controlling release of the therapeutic agent 
by increasing the molecular Weight of the coating compo 
sition and thereby delaying or sloWing the rate of release of 
the therapeutic agent. 

[0061] The coating composition can be applied to the 
present invention using standard techniques to cover the 
entire surface of the apparatus, or partially, as a single layer 
in a dot matrix pattern, for example. The coating composi 
tion can be applied using various techniques available in the 
art, such as dipping, spraying, vapor deposition, an injec 
tion-like and/ or a dot matrix-like approach. Upon contact of 
the coating composition With adjacent tissue Where 
implanted, the coating composition can begin to degrade in 
a controlled manner. As the coating composition degrades, 
the therapeutic agent is sloWly released into adjacent tissue 
and the therapeutic agent is eluted so that the therapeutic 
agent can have its effect locally. 

[0062] Where the therapeutic agent comprises a biological 
agent, such as cells, the biological agent can be coated 
directly onto the surface of the present invention or, alter 
natively, they can be incorporated into the polymeric mate 
rial (e.g., into a polymer matrix). Such biological agents may 
also be included Within at least one microscopic containment 
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vehicle (e.g., a liposome, nanocapsule, nanoparticle, 
micelle, synthetic phospholipid, gas-dispersion, emulsion, 
microemulsion, nanosphere, and the like) that can be stimu 
lated to release the biological agent(s) and/or that release the 
biological agent(s) in a controlled manner. The microscopic 
containment vehicle can be coated onto the surface of the 
present invention or incorporated into the polymeric mate 
rial. Where the biological agent comprises cells, for 
example, the cells can be induced to produce, activate, 
and/ or release their cellular products (including one or more 
therapeutic agents) by an external stimulation device (e.g., 
an electrical impulse). Alternatively, cells can constitutively 
release one or more therapeutic agents at a desired level. 

[0063] To enable delivery and deployment of the appara 
tus 10, the apparatus is positioned about a balloon 120 (FIG. 
1) for expanding the main body portion 46 of the support 
member 40 into full and complete contact With the annulus 
20 of the mitral valve 14. The balloon 120 may have an 
hourglass shape to conform to the concave cross-sectional 
con?guration of the main body portion 46. The shape of the 
balloon 120 is de?ned by ?rst and second bulb sections 122 
and 124 connected by a center section 126. Each of these 
sections 122, 124 and 126 may have a D-shaped diameter (or 
other shaped diameter) to match the D-shaped diameter of 
the valve 14 and the prosthetic valve 12. The center section 
126 of the balloon 120 has a smaller diameter than the bulb 
sections 122 and 124. The ?rst and second bulb sections 122 
and 124 and the center section 126 may be in?ated together 
or separately. Further, the sections 122, 124 and 126 may 
have multiple chambers to accommodate multiple ?uids 
(i.e., an in?ation ?uid and a cooling ?uid). 

[0064] In addition, releasable constraining Wires (not 
shoWn) are used to temporarily hold the upper Wing mem 
bers 60 and the loWer Wing members 70 in the radially 
collapsed conditions shoWn in FIG. 1 during delivery and 
placement of the apparatus 10. The constraining Wires can 
be made from a variety of different materials including 
metals, polymers, synthetics, fabrics, and biological tissues. 
With the upper Wing members 60, the loWer Wing members 
70, and the main body portion 46 of the support member 40 
in their collapsed conditions, the apparatus 10 is then loaded 
into the end of a 16 to 22 French catheter 128 in a knoWn 
manner. 

[0065] To replace the mitral valve 14 With the apparatus 10 
using a percutaneous (or intravascular) approach, the appa 
ratus is ?rst siZed for the particular mitral valve using 
?uoroscopic and/or echocardiographic data. The catheter 
128 is then introduced into either the right or left jugular 
vein (not shoWn), a femoral vein (not shoWn), or the 
subclavian vein (not shoWn) using a knoWn percutaneous 
technique, such as the Seldinger technique, and is advanced 
through the superior or inferior vena cava (not shoWn) to 
approach the right atrium (not shoWn). The catheter 128 is 
passed through the interatrial septum (not shoWn) to reach 
the left atrium 16. From inside the left atrium 16, the 
apparatus 10 is then positioned Within the annulus 20 of the 
mitral valve 14 as is shoWn in FIG. 1. It should be noted that 
the angular orientation of the apparatus 10 Within the mitral 
valve 14 is important, so a diagnostic agent or agents, such 
as radiopaque markers (not shoWn), may be used to ensure 
the apparatus is rotated to the proper position prior to 
deployment. 
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[0066] Next, the catheter 128 is pulled back so that the 
support member 40 can expand to the condition shoWn in 
FIG. 2 in the annulus 20 of the native mitral valve 14. The 
balloon 120 is then in?ated, Which pushes the main body 
portion 46 of the support member 40 into engagement With 
the annulus 20 as shoWn in FIG. 5. 

[0067] The constraining Wires are then released, Which 
alloWs the upper Wing members 60 and the loWer Wing 
members 70 of the support member 40 to spring radially 
outWard toWard their expanded conditions illustrated in 
FIGS. 2-8. The upper Wing members 60, in their radially 
extended condition, extend transverse to the direction of 
blood ?oW through the prosthetic valve 12, and engage the 
Wall of the left atrium 16. Where the attachment mechanism 
62 comprises barbs 64 as shoWn in FIG. 5, the barbs embed 
into the Wall of the left atrium 16 to help secure the support 
member 40 in the annulus 20 of the mitral valve 14. 

[0068] As the loWer Wing members 70 move from their 
radially collapsed condition to their radially extended con 
dition, each of the loWer Wing members engages a portion of 
the native valve lea?ets 22 and 24. The ?rst and second 
loWer Wing members 72 and 74 engage the commissures of 
the native mitral valve 14 (FIG. 5), While the third and 
fourth loWer Wing members 76 and 78 engage respective 
central portions of the native valve lea?ets 22 and 24 (FIG. 
6). The barbs 64 on the loWer Wing members 70 embed into 
the native valve lea?ets 22 and 24 to help secure the support 
member 40 in the annulus 20 of the mitral valve 14. In their 
radially extended condition, the loWer Wing members 70 pin 
the native lea?ets 22 and 24 back against the valve annulus 
20 so that the prosthetic valve 12 can assume the valvular 
function. With the apparatus 10 fully deployed, the balloon 
120 is de?ated and moved out of the valve annulus 20. 

[0069] It should be noted that the engagement of the main 
body portion body 46 With the valve annulus 20, the 
engagement of the upper Wing members 60 With the Wall of 
the left atrium 16, and the engagement of the loWer Wing 
members 70 that pins the native valve lea?ets 22 and 24 
back against the valve annulus provides a unique three-Way 
locking mechanism for securing the apparatus 10 in the 
valve annulus. 

[0070] It is contemplated that the apparatus 10 according 
to the present invention could alternatively be placed by a 
retrograde, percutaneous approach. For example, the appa 
ratus 10 may be urged in a retrograde fashion through a 
femoral artery (not shoWn), across the aortic arch (not 
shoWn), through the aortic valve (not shoWn), and into the 
left ventricle 18 Where the apparatus may then be appropri 
ate positioned in the native mitral valve 14. 

[0071] FIG. 12 illustrates another alternative embodiment 
of the present invention. The apparatus 10b of FIG. 12 is 
identically constructed as the apparatus 10 of FIGS. 2-8, 
except Whereas described beloW. In FIG. 12, structures that 
are identical as structures in FIGS. 2-8 use the same 

reference numbers, Whereas structures that are similar but 
not identical carry the su?ix “b”. 

[0072] As shoWn in FIG. 12, the apparatus 10b comprises 
a tri-lea?et prosthetic valve 12b. Examples of tri-lea?et 
prosthetic valves, such as the prosthetic valves disclosed in 
US. Pat. No. 5,156,621, Which is hereby incorporated by 
reference in its entirety, are knoWn in the art. The tri-lea?et 
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prosthetic valve 12b, such as a porcine aortic valve, may be 
used in either the mitral or tricuspid position. The prosthetic 
valve 12b may be made of other biological materials, includ 
ing, but not limited to, aortic xenografts, bovine pericardial 
tissue, equine pericardial tissue, porcine pericardial tissue, 
peritoneal tissue, and a homograft or allograft. Additionally, 
the prosthetic valve 12b may be made of any one or com 
bination of biocompatible materials such as polyurethane, 
PTFE, expanded PTFE, Dacron®, Woven velour, Gore 
Tex®, and heparin coated fabric. 

[0073] As may be seen in FIG. 12, in the tricuspid 
position, six loWer Wing members 70 may be used so that a 
loWer Wing member is positioned at each native commissure 
and directly over each native valve lea?et. The support 
structure 40 of the apparatus 10b also includes at least three 
strut members 45 that are spaced apart from each other. The 
valve lea?ets of the prosthetic valve 12b are joined together 
at at least three commissural sections 47. Each of the three 
commissural sections 47 are attached to a representative one 
of the strut members 45 to prevent prolapse of the valve 
lea?ets 22 and 24. Other than this, the apparatus 10b With the 
tri-lea?et prosthetic valve 12b is deployed and functions as 
described above With regard to the previous embodiment. It 
should be understood that more or less than six loWer Wing 
members 70 could be used. 

[0074] The present invention thus alloWs for the apparatus 
10 to be delivered in a cardiac catheteriZation laboratory 
With a percutaneous approach under local anesthesia using 
?uoroscopic as Well as echocardiographic guidance, thereby 
avoiding general anesthesia and highly invasive open heart 
surgery techniques. This approach offers tremendous advan 
tages for high risk patients With severe valvular disease. It 
should be understood, hoWever, that the present invention 
contemplates. various other approaches, including standard 
open heart surgeries as Well as minimally invasive surgical 
techniques. Because the present invention omits stitching of 
the apparatus 10 in the valve annulus 20, surgical time is 
reduced regardless of Whether an open, minimally invasive 
or percutaneous approach is used. 

[0075] From the above description of the invention, those 
skilled in the art Will perceive improvements, changes and 
modi?cations. For example, it should be understood by 
those skilled in the art that the various portions of the 
support member 40 could be self-expanding or expanded by 
a change in temperature (because they are made from a 
shape memory material). Such improvements, changes and 
modi?cations Within the skill of the art are intended to be 
covered by the appended claims. 

Having described the invention, We claim: 
1. An apparatus for replacing a cardiac valve having at 

least tWo native valve lea?ets, said apparatus comprising: 

an expandable support member having oppositely dis 
posed ?rst and second ends and a main body portion 
extending betWeen said ends, said main body portion of 
said support member having an annular shape for 
expanding into position in the annulus of the cardiac 
valve; 

said ?rst end of said support member comprising a 
plurality of upper Wing members that extend from said 
main body portion, each of said upper Wing members 
being movable from a radially collapsed condition into 
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a radially extended condition for engaging a ?rst sec 
tion of cardiac tissue surrounding one-side of the 
cardiac valve; 

said second end of said support member comprising a 
plurality of loWer Wing members that extend from said 
main body portion, each of said loWer Wing members 
being movable from a radially collapsed condition into 
a radially extended condition for engaging a portion of 
the native valve lea?ets to pin the lea?ets back against 
the annulus of the native cardiac valve; 

said second end of said support member further including 
at least tWo strut members that are spaced apart from 
each other; and 

a prosthetic valve secured Within said main body portion 
of said support member, said prosthetic valve having at 
least tWo valve lea?ets that are coaptable to permit 
unidirectional ?oW of blood, each of said at least tWo 
valve lea?ets being joined together at at least tWo 
commissural sections that are spaced apart from each 
other, each of said at least tWo commissural sections 
being attached to a respective one of said strut members 
to prevent prolapse of said valve lea?ets. 

2. The apparatus of claim 1 Wherein said plurality of upper 
Wing members, in their radially extended condition, extend 
transverse to the direction of blood ?oW through said 
prosthetic valve. 

3. The apparatus of claim 1 Wherein at least one of said 
plurality of upper Wing members includes at least one 
attachment mechanism for embedding into the ?rst section 
of cardiac tissue to help secure said support member in the 
annulus of the cardiac valve. 

4. The apparatus of claim 3 Wherein said at least one 
attachment mechanism includes at least one barb. 

5. The apparatus of claim 1 Wherein at least one of said 
plurality of loWer Wing members includes at least one 
attachment mechanism for embedding into a portion of the 
native valve lea?ets to help secure said support member in 
the annulus of the cardiac valve. 

6. The apparatus of claim 1 Wherein said main body 
portion has a concave cross-sectional shape for conforming 
to the convex shape of the annulus of the cardiac valve. 

7. The apparatus of claim 1 Wherein said plurality of loWer 
Wing members includes ?rst and second loWer Wing mem 
bers for positioning at the commissures of the native cardiac 
valve. 

8. The apparatus of claim 7 Wherein said ?rst and second 
loWer Wing members are spaced approximately 1800 apart. 

9. The apparatus of claim 8 Wherein said plurality of loWer 
Wing members further includes third and fourth loWer Wing 
members for positioning directly over respective central 
portions of the at least tWo native valve lea?ets. 

10. The apparatus of claim 9 Wherein said third and fourth 
loWer Wing members are spaced approximately 1800 apart 
and are located in-betWeen said ?rst and second loWer Wing 
members, respectively. 

11. The apparatus of claim 1 Wherein said plurality of 
loWer Wing members includes a ?rst group of loWer Wing 
members for positioning at the commissures of the native 
cardiac valve. 

12. The apparatus of claim 11 Wherein said plurality of 
loWer Wing members further includes a second group of 
loWer Wing members for positioning directly over respective 
central portions of the at least tWo native valve lea?ets, said 
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?rst and second groups of lower Wing members being 
arranged in an alternating fashion. 

13. The apparatus of claim 1 Wherein said plurality of 
loWer Wing members includes at least tWo loWer Wing 
members for positioning directly over respective central 
portions of the at least tWo native valve lea?ets. 

14. The apparatus of claim 1 further comprising a layer of 
biocompatible material covering at least a portion of said 
support member. 

15. The apparatus of claim 1 Wherein at least a portion of 
said support member is treated With at least one therapeutic 
agent for eluting into cardiac tissue. 

16. The apparatus of claim 1 Wherein a plurality of 
portions of said support member are separately treated With 
a different therapeutic agent. 

17. A method for replacing a cardiac valve having at least 
tWo native valve lea?ets, said method comprising the steps 
of: 

providing a prosthetic valve that includes an expandable 
support member having oppositely disposed ?rst and 
second ends and a main body portion extending 
betWeen the ends, a plurality of upper Wing members 
that extend from a one end of the main body portion, 
and a plurality of loWer Wing members that extend from 
an opposite end of the main body portion, the second 
end of the support member further including at least 
tWo strut members, the prosthetic valve having at least 
tWo valve lea?ets that are joined together at at least tWo 
commissural sections, each of the at least tWo commis 
sural sections being attached to a respective one of the 
strut members to prevent prolapse of the valve lea?ets; 

placing the main body portion of the prosthetic valve 
Within the annulus of the cardiac valve to be replaced; 

expanding the main body portion into engagement With 
the annulus of the cardiac valve to secure the prosthetic 
valve in the annulus; 

deploying the upper Wing members from a radially col 
lapsed condition into a radially extended condition into 
engagement With a ?rst section of cardiac tissue sur 
rounding one side of the cardiac valve; and 

deploying the loWer Wing members from a radially col 
lapsed condition into a radially extended condition into 
engagement With a portion of the native valve lea?ets 
to pin the lea?ets back against the annulus of the native 
cardiac valve. 

18. The method of claim 17 Wherein said step of placing 
the main body portion of the prosthetic valve Within the 
annulus of the cardiac valve to be replaced further comprises 
the steps of: 

placing the support member around an in?atable balloon 
in a secured manner; 

inserting the balloon and support member into an atrial 
chamber; 

advancing the balloon until the support member is posi 
tioned Within the annulus of the cardiac valve to be 
replaced; and 

expanding the support member With the balloon so that 
the support member engages the annulus of the cardiac 
valve to secure the support member in the annulus. 
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19. The method of claim 18 Wherein the balloon has an 
hourglass shape de?ned by ?rst and second bulb sections 
connected by a center section having a smaller diameter than 
the bulb sections, said step of placing the support member 
around the balloon further comprising the step of positioning 
the support member about the center section. 

20. The method of claim 19 Wherein said step of advanc 
ing the balloon until the support member is positioned 
Within the valve annulus further includes the step of posi 
tioning the ?rst bulb section Within the lea?ets of the native 
valve so that When the balloon is in?ated the ?rst bulb 
pushes the valve lea?ets back to protect the lea?ets during 
expansion of the support member. 

21. The method of claim 18 Wherein said step of expand 
ing the support member With the balloon so that the support 
member engages the annulus of the cardiac valve includes 
the step of conforming the main body portion to the shape 
of the valve annulus to help locate and secure the support 
member in the valve annulus by radially forcing the main 
body portion into the valve annulus. 

22. The method of claim 17 Wherein each of the plurality 
of Wing members include at least one attachment mechanism 
for embedding into cardiac tissue. 

23. The method of claim 22 Wherein the attachment 
mechanism includes at least one barb extending from each 
of the Wing members, said method further including the step 
of embedding the at least one barb into cardiac tissue to 
further secure the support member in the valve annulus. 

24. The method of claim 23 Wherein each of the Wing 
members has a concave cross-sectional shape for conform 
ing to the convex shape of the valve annulus, said method 
further comprising the step of pulling the Wing members into 
a ?atter cross-sectional shape With a constraining Wire for 
placement of the support member, the at least one barb 
extending generally radially When the Wing members are 
being held by the constraining Wire. 

25. The method of claim 24 further comprising the step of 
releasing the constraining Wire after said step of expanding 
the support member With the balloon so that the upper Wing 
members spring radially outWard to engage the ?rst section 
of cardiac tissue, and the loWer Wing members spring 
radially outWard to engage a portion of the native valve 
lea?ets. 

26. The method of claim 25 Wherein said step of releasing 
the constraining Wire causes the at least one barb to embed 
into cardiac tissue in the distal direction. 

27. The method of claim 17 Wherein said step of inserting 
the balloon and the prosthetic valve into the heart chamber 
is done percutaneously via an intravascular catheter. 

28. The method of claim 27 Wherein said step of inserting 
the balloon and the prosthetic valve into the heart chamber 
is done via a minimally invasive approach. 

29. The method of claim 27 Wherein said step of inserting 
the balloon and the prosthetic valve into the heart chamber 
is done via an open-chest procedure. 

30. The method of claim 17 Wherein at least a portion of 
the support member is treated With at least one therapeutic 
agent for eluting into cardiac tissue, the method further 
comprising the step of alloWing the at least one therapeutic 
agent to elute into the cardiac tissue. 

* * * * * 


