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A prosthetic mitral valve assembly and method of inserting 
the same is disclosed. In certain disclosed embodiments, the 
prosthetic mitral valve assembly includes a stent and valve 
combination. The stent is designed so that the anchoring 
portion is positioned above the annulus of the mitral valve and 
in the left atrium. The stent is radially expandable so that it 
can expand into position against the Walls of the left atrium 
and accommodate a Wide range of anatomies. Contact 
between the stent and the native tissue in the left atrium 
reduces paravalvular leakage and prevents migration of the 
stent once in place. 
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MITRAL VALVE REPLACEMENT WITH 
ATRIAL ANCHORING 

FIELD 

[0001] The present disclosure concerns a prosthetic mitral 
heart valve and a method for implanting such a heart valve. 

BACKGROUND 

[0002] Prosthetic cardiac valves have been used for many 
years to treat cardiac valvular disorders. The native heart 
valves (such as the aortic, pulmonary, tricuspid and mitral 
valves) serve critical functions in assuring the forWard ?oW of 
an adequate supply of blood through the cardiovascular sys 
tem. These heart valves can be rendered less effective by 
congenital, in?ammatory, infectious conditions or disease. 
Such damage to the valves can result in serious cardiovascular 
compromise or death. For many years the de?nitive treatment 
for such disorders Was the surgical repair or replacement of 
the valve during open heart surgery, but such surgeries are 
prone to many complications. More recently a transvascular 
technique has been developed for introducing and implanting 
a prosthetic heart valve using a ?exible catheter in a manner 
that is less invasive than open heart surgery. 
[0003] In this technique, a prosthetic valve is mounted in a 
crimped state on the end portion of a ?exible catheter and 
advanced through a blood vessel of the patient until the valve 
reaches the implantation site. The valve at the catheter tip is 
then expanded to its functional siZe at the site of the defective 
native valve such as by in?ating a balloon on Which the valve 
is mounted. 
[0004] Another knoWn technique for implanting a pros 
thetic aortic valve is a transapical approach Where a small 
incision is made in the chest Wall of a patient and the catheter 
is advanced through the apex (i.e., bottom tip) of the heart. 
Transapical techniques are disclosed in US. Patent Applica 
tion Publication No. 20070112422, Which is hereby incorpo 
rated by reference. Like the transvascular approach, the tran 
sapical approach includes a balloon catheter having a steering 
mechanism for delivering a balloon-expandable prosthetic 
heart valve through an introducer to the aortic annulus. The 
balloon catheter includes a de?ecting segment just proximal 
to the distal balloon to facilitate positioning of the prosthetic 
heart valve in the proper orientation Within the aortic annulus. 
[0005] The above techniques and others have provided 
numerous options for high-risk patients With aortic valve 
stenosis to avoid the consequences of open heart surgery and 
cardiopulmonary bypass. While procedures for the aortic 
valve are Well-developed, such procedures are not necessarily 
applicable to the mitral valve. 
[0006] Mitral valve repair has increased in popularity due 
to its high success rates, and clinical improvements noted 
after repair. Unfortunately, a signi?cant percentage of 
patients still receive mitral valve replacement due to stenosis 
or anatomical limitations. There are a number of technolo gies 
aimed at making mitral repair a less invasive procedure. 
These technologies range from iterations of the Al?eri stitch 
procedure to coronary sinus-based modi?cations of mitral 
anatomy to subvalvular placations or ventricular remodeling 
devices, Which Would incidently correct mitral regurgitation. 
[0007] HoWever, for mitral valve replacement, feW less 
invasive options are available. There are approximately 
60,000 mitral valve replacements (MVR) each year and it is 
estimated that another 60,000 patients should receive a MVR 

Aug. 26, 2010 

due to increased risk of operation and age. The large majority 
of these replacements are accomplished through open-heart 
surgery. One potential option for a less invasive mitral valve 
replacement is disclosed in US. Patent Application 2007/ 
0016286 to Herrmann. HoWever, the stent disclosed in that 
application has a claW structure for attaching the prosthetic 
valve to the heart. Such a claW structure could have stability 
issues and limit consistent placement of a transcatheter mitral 
replacement valve. 
[0008] Accordingly, further options are needed for less 
invasive mitral valve replacement. 

SUMMARY 

[0009] A prosthetic mitral valve assembly and method of 
inserting the same is disclosed. 
[0010] In certain disclosed embodiments, the prosthetic 
mitral valve assembly includes a stent and valve combination. 
The stent is designed so that the anchoring portion is posi 
tioned above the annulus of the mitral valve and in the left 
atrium. The stent is radially expandable and can press against 
the Walls of the left atrium With a pressure or friction ?t to 
accommodate a Wide range of anatomies. 

[0011] In one embodiment, the entire prosthetic mitral 
valve assembly is positioned above the native annulus so that 
the native mitral valve lea?ets and chordae are preserved. As 
a result, the prosthetic mitral valve and the native mitral valve 
function in series. 

[0012] In another embodiment, a majority of the prosthetic 
mitral valve assembly is implantable in the left atrium. HoW 
ever, a loWer portion of the mitral valve assembly extends into 
the native mitral valve rendering the native mitral valve 
incompetent. Contact betWeen the stent and the native tissue 
in the left atrium reduces paravalvular leakage and prevents 
migration of the stent once in place. 
[0013] In another embodiment, a majority of the prosthetic 
mitral valve assembly is implantable in the left atrium. A 
loWer tapered portion partially extends into the native mitral 
valve but does not extend into the left ventricle in order to 
ensure that the chordae tendineae are not contacted by por 
tions of the stent. This embodiment can improve cardiac 
performance While preserving the function of the chordae 
tendineae. 
[0014] In yet another embodiment, the mitral valve assem 
bly includes additional anchoring With one or more anchoring 
arms that contact an upper portion of the atrium or the pul 
monary veins. The anchoring arms utiliZe the natural 
anatomy of the patient’s heart in order to resist against upWard 
migration of the assembly. Other embodiments also use the 
upper portion of the atrium or the pulmonary veins Without 
using anchoring arms. 
[0015] The foregoing and other objects, features, and 
advantages of the invention Will become more apparent from 
the folloWing detailed description, Which proceeds With ref 
erence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective vieW of an embodiment of a 
mitral valve assembly that can be inserted into the native 
mitral valve, but that is anchored above a native annulus. 
[0017] FIG. 2 is a perspective vieW of another embodiment 
of a mitral valve assembly that can Work in series With the 
native mitral valve. 
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[0018] FIG. 3 is a perspective vieW of another embodiment 
of a mitral valve assembly having outwardly extending 
prongs for anchoring the assembly. 
[0019] FIG. 4 is a perspective vieW of another embodiment 
of a mitral valve assembly that can extend partially into the 
native mitral valve. 
[0020] FIG. 5 is a cross-sectional vieW of a heart With the 
mitral valve assembly of FIG. 2 mounted in the left atrium. 
[0021] FIG. 6 is a cross-sectional vieW of a heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With the mitral valve assembly extending to a 
roof of the atrium. 
[0022] FIG. 7 is a cross-sectional vieW of a heart With 
another embodiment of the mitral valve assembly mounted in 
the left atrium and having at least one anchoring arm extend 
ing to a roof of the atrium. 
[0023] FIG. 8 is a cross-sectional vieW of a heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
at least one pulmonary vein. 
[0024] FIG. 9 is a cross-sectional vieW of a heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending to a 
roof of the atrium. 
[0025] FIG. 10 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
at least one pulmonary vein. 

[0026] FIG. 11 is a cross-sectional vieW ofa heart having 
the mitral valve assembly of FIG. 1 mounted in the left atrium 
With a loWer portion of the mitral valve assembly positioned 
in the native mitral valve. 
[0027] FIG. 12 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With the mitral valve assembly extending to the 
roof of the atrium and With a loWer portion of the mitral valve 
assembly positioned in the native mitral valve. 
[0028] FIG. 13 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending to a 
roof of the atrium and With a loWer portion of the mitral valve 
assembly positioned in the native mitral valve. 
[0029] FIG. 14 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
pulmonary veins and With a loWer portion of the mitral valve 
assembly positioned in the native mitral valve. 
[0030] FIG. 15 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending to a 
roof of the atrium and With a loWer portion of the mitral valve 
assembly positioned in the native mitral valve. 
[0031] FIG. 16 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
pulmonary veins and With a loWer portion of the mitral valve 
assembly positioned in the native mitral valve. 
[0032] FIG. 17 is a cross-sectional vieW ofa heart having 
the mitral valve assembly of FIG. 4 mounted in the left atrium. 
[0033] FIG. 18 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With the mitral valve assembly extending to a 
roof of the atrium. 
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[0034] FIG. 19 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending to a 
roof of the atrium and With a loWer portion of the mitral valve 
assembly partially extending into the native mitral valve. 
[0035] FIG. 20 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
pulmonary veins and With a loWer portion of the mitral valve 
assembly partially extending into the native mitral valve. 
[0036] FIG. 21 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending to a 
roof of the atrium and With a loWer portion of the mitral valve 
assembly partially extending into the native mitral valve. 
[0037] FIG. 22 is a cross-sectional vieW ofa heart having 
another embodiment of the mitral valve assembly mounted in 
the left atrium With at least one anchoring arm extending into 
pulmonary veins and With a loWer portion of the mitral valve 
assembly partially extending into the native mitral valve. 
[0038] FIG. 23A is a cross-sectional vieW of the distal end 
portion of a delivery apparatus that can be used to implant a 
prosthetic mitral valve in the heart, according to another 
embodiment. 
[0039] FIG. 23B is an enlarged vieW of a portion of FIG. 
23A shoWing the connection betWeen the valve stent and the 
distal end of the delivery apparatus. 
[0040] FIG. 23C is a perspective vieW of the delivery appa 
ratus of FIG. 23A. 
[0041] FIGS. 23D and 23E illustrate the valve being 
deployed from the delivery apparatus shoWn in FIG. 23A. 
[0042] FIG. 24A is a perspective vieW of a delivery appa 
ratus for a prosthetic valve shoWn With the sheath of the 
delivery apparatus in a retracted position for deploying the 
valve, according to another embodiment. 
[0043] FIG. 24B is a perspective vieW of the delivery appa 
ratus of FIG. 24A shoWn With the sheath in a distal position 
for covering the valve during valve delivery. 
[0044] FIG. 24C is an enlarged, perspective vieW of an end 
piece of the delivery apparatus of FIG. 24A and three posts of 
a valve stent that are received Within respective recesses in the 
end piece. 
[0045] FIG. 24D is a cross-sectional vieW ofthe end piece 
shoWn in FIG. 24C. 
[0046] FIG. 25 is a perspective vieW of an embodiment of a 
prosthetic valve assembly having tensioning members 
coupled to prosthetic lea?ets of the valve to simulate chordae 
tendineae. 
[0047] FIG. 26 is a perspective vieW of a prosthetic valve 
assembly having tensioning members, according to another 
embodiment. 
[0048] FIG. 27 is a perspective vieW of a prosthetic valve 
assembly having tensioning members, according to another 
embodiment. 

DETAILED DESCRIPTION 

[0049] As used herein, the singular forms a, an,” and 
“the” refer to one or more than one, unless the context clearly 
dictates otherWise. 
[0050] As used herein, the term “includes” means “com 
prises.” For example, a device that includes or comprises A 
and B contains A and B but can optionally contain C or other 
components other than A and B. A device that includes or 
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comprises A or B may contain A or B or A and B, and 
optionally one or more other components such as C. 

[0051] FIG. 1 is a perspective vieW of a mitral valve assem 
bly 8 that can be used as a mitral valve replacement. The 
mitral valve assembly 8 includes a radially compressible and 
expandable stent 10 having an upper portion 12 With an 
enlarged end, a tapered middle portion 14 and a loWer portion 
16 With a circumference that is less than that of the upper 
portion 12. The stent can be an inverted bell shape, but other 
shapes can be used. Additionally, although only the middle 
portion 14 is shoWn as tapered, the stent 10 can have a con 
tinuous taper from the upper portion 12 to the loWer portion 
16. An upper edge 18 of the stent 10 can be a saWtoothed or 
scalloped pattern to maximize a surface area With Which the 
stent connects to the native tissue. Alternatively, the upper 
edge can be a straight edge, or some other pattern. 

[0052] The stent 10 can have a self-expanding frame 20 
formed from a shape memory material, such as, for example, 
Nitinol. The illustrated embodiment shoWs that the stent 
frame 20 can include metal strips or struts arranged in a lattice 
pattern, but other patterns can be used. In certain embodi 
ments the stent frame 20 can be made of stainless steel or any 
other suitable materials. The tapered middle portion 14 can 
have certain of the metal strips intentionally disconnected 
from the upper portion 12 in order to create prongs 22 extend 
ing outWardly from the stent 10 that assist in holding the 
prosthetic mitral valve assembly to the native tissue. Alterna 
tively, barbs (not shoWn) can be separately attached to the 
stent in order to create the prongs. One advantage of the 
illustrated embodiment is that the prongs 22 are formed from 
the frame itself or integral With the frame, rather than being 
separately added. In other embodiments (not shoWn), the 
disconnected metal strips can be connected, if the prongs 22 
are not desired. In such a case, each cell of the tapered portion 
14 can be connected to the upper portion 12. A biocompatible 
sheet or fabric material 24 can be connected to the inner 
surface of the frame 20 to form an inner layer or envelope 
covering the open portions of the stent to reduce paravalular 
leakage. The sheet or fabric 24 can be made from synthetic 
materials, such as a polyester material or a biocompatible 
polymer. One example of a polyester material is polyethylene 
terephthalate (PET). Alternative materials can be used. For 
example, the sheet or fabric can be made from biological 
matter, such as natural tissue, pericardial tissue (e.g., bovine, 
porcine or equine pericadium) or other biological tissue. The 
sheet or fabric 24 canbe connected to the frame 20 by sutures, 
such as shoWn at 26. 

[0053] As shoWn in dashed lines, the mitral valve assembly 
8 includes a valve 28 positioned in the loWer portion 16 of the 
stent 10. The valve 28 can have a leafed-valve con?guration, 
such as a bicuspid valve or tricuspid valve con?guration. The 
valve 28 can be connected to the frame 20 using, for example, 
sutures 26 or other suitable connection techniques Well 
knoWn in the art. Alternatively, the valve 18 can be a mechani 
cal type valve, rather than a leafed type valve. Still further, the 
valve 18 can be made from biological matter, such as natural 
tissue, pericardial tissue (e.g., bovine, porcine or equine peri 
cadium), a harvested natural valve, or other biological tissue. 
Alternatively, the valve can be made from biocompatible 
synthetic materials (e.g., biocompatible polymers), Which are 
Well knoWn in the art. Blood ?oW through the valve proceeds 
in a direction from the upper portion 12 to the loWer portion 
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16. Those skilled in the art Will recogniZe that the particular 
type of valve used is not of importance and a Wide variety of 
valves can be used. 

[0054] The features of FIG. 1 can be used in any of the 
embodiments herein described. Thus, for each of the embodi 
ments beloW, the materials that can be used for the valve, the 
biocompatible sheet, and the frame Will not be repeated and 
should be assumed to be at least those described in FIG. 1. 
Additionally, the prongs and barbs of FIG. 1 can be used in 
any of the embodiments described herein. 
[0055] FIG. 2 is a perspective vieW of another embodiment 
of a mitral valve assembly 38 siZed for atrial implantation and 
designed to Work in series With the native mitral valve, as 
further described beloW. The mitral valve assembly 38 
includes a stent 40 having a frame 42 supporting a biocom 
patible sheet or fabric 44, both of Which are similar to those 
already described. The stent supports a valve (not visible in 
FIG. 2) attached to and siZed to be compatible With the frame 
42. Any of the valves already described can be used. HoWever, 
because of the location of the stent 40 in the atrium, the valve 
can be larger than that of FIG. 1. 
[0056] FIG. 3 is a perspective vieW of another embodiment 
of a mitral valve assembly, Which is the same as FIG. 2, but 
With prongs 45 added. More particularly, cells of the frame’s 
lattice structure are left intentionally disconnected from adja 
cent cells and are bent outWardly to create the prongs 45. FIG. 
3 is illustrative that prongs can be added to any of the embodi 
ments described herein. Alternatively, the prongs can be 
removed from any of the embodiments simply by leaving the 
lattice structure fully connected. Furthermore, in any of the 
embodiments herein described, barbs (not shoWn) can be 
separately attached to the stent in order to create the prongs. 

[0057] FIG. 4 shoWs another embodiment 46 of a mitral 
valve assembly having an upper portion and a loWer tapered 
portion 47. The mitral valve assembly includes a frame 48 
having a lattice structure With certain cells of the lattice left 
intentionally disconnected to create outWardly extending 
prongs 49, similar to those described in relation to FIG. 1 (the 
prongs can be eliminated or separate barbs added, as already 
described above). The loWer tapered portion 47 partially 
extends into the native mitral valve, but does not extend into 
the left ventricle, Which can improve cardiac performance and 
ensure that the chordae tendineae are not damaged by the 
assembly. 
[0058] FIG. 5 shoWs a cross-sectional vieW of a heart With 
the prosthetic mitral-valve assembly 38 inserted into a 
patient’s heart. For purposes of background, the four-cham 
bered heart is explained further. On the left side of the heart, 
the native mitral valve 50 is located betWeen the left atrium 52 
and left ventricle 54. The mitral valve 50 generally comprises 
tWo lea?ets, an anterior lea?et 56 and a posterior lea?et 58 
that are attached to the left ventricle by chordae tendineae 59, 
Which prevent eversion of the lea?ets into the left atrium. The 
mitral valve lea?ets are attached to a mitral valve annulus 60, 
Which is de?ned as the portion of tissue surrounding the 
mitral valve ori?ce. More speci?cally, the mitral annulus 
constitutes the anatomical junction betWeen the ventricle and 
the left atrium, and serves an insertion site for the lea?et 
tissue. The left atrium 52 receives oxygenated blood from the 
pulmonary veins 61 (only tWo of four pulmonary veins are 
shoWn for simplicity). The oxygenated blood that is collected 
in the left atrium 52 enters the left ventricle 54 through the 
mitral valve 50. Contraction of the left ventricle 54 forces 
blood through the left ventricular out?oW tract and into the 
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aorta (not shown). As used herein, the left ventricular out?ow 
tract (LVOT) is intended to generally include the portion of 
the heart through Which blood is channeled from the left 
ventricle to the aorta. On the right side of the heart, the 
tricuspid valve 66 is located betWeen the right atrium 68 and 
the right ventricle 70. The right atrium 68 receives blood from 
the superior vena cava 72 and the inferior vena cava (not 
shoWn). The superior vena cava 72 returns de-oxygenated 
blood from the upper part of the body and the inferior vena 
cava returns de-oxygenated blood from the loWer part of the 
body. The right atrium 68 also receives blood from the heart 
muscle itself via the coronary sinus. The blood in the right 
atrium 68 enters into the right ventricle 70 through the tricus 
pid valve 66. Contraction of the right ventricle forces blood 
through the right ventricle out?oW tract and into the pulmo 
nary arteries. The left and right sides of the heart are separated 
by a Wall generally referred to as the septum 78. The portion 
of the septum that separates the tWo upper chambers (the right 
and left atria) of the heart is termed the artial (or interatrial) 
septum While the portion of the septum that lies betWeen the 
tWo loWer chambers (the right and left ventricles) of the heart 
is called the ventricular (or interventricular) septum. A 
healthy heart has a generally conical shape that tapers from a 
base to an apex 80. 

[0059] The mitral valve assembly 38 is shoWn as positioned 
above the annulus 60 of the native mitral valve 50 and entirely 
Within the left atrium. As already described, the stent 40 is 
radially expandable and is anchored in the atrium through a 
pressure or friction ?t With the surrounding tissue. Through 
radial expansion, the frame 42 adapts to the natural anatomy 
of the patient’s atrium. For purposes of illustration, a valve 90 
is shoWn as visible through the biocompatible sheet 44. As 
shoWn, the native mitral valve 50 is competent and Works in 
series With the prosthetic mitral valve assembly 38. Any 
regurgitant volume that passes back through the native valve 
in the left atrium is immediately blocked by the secondary 
prosthetic mitral valve assembly 38. The native valve absorbs 
the majority of the systolic pressure, While the prosthetic 
mitral valve assembly 38 receives only a fraction of the sys 
tolic pressure imparted by the regurgitant volume. As a result, 
the prosthetic mitral valve assembly can have improved dura 
bility and reduced risk of valve migration. Such an ability to 
Work in series With the native mitral valve is also true of the 
embodiments described in FIGS. 6-10. 

[0060] FIG. 6 shoWs a cross-sectional vieW of a heart With 
another embodiment of a prosthetic mitral-valve assembly 
100 inserted into the atrium. In this embodiment, a stent 102 
has a self-expanding frame similar to stent 40 described 
above. The mitral valve assembly 100 has a dome-shaped 
upper portion 1 04 that can expand to ?t the natural anatomical 
geometry of a roof of the atrium. As a result, the mitral valve 
assembly 100 can expand in tWo dimensions, such as a hori 
Zontal direction and a vertical direction. By expanding hori 
Zontally, the mitral-valve assembly uses side Walls of the 
atrium to anchor the assembly. By expanding vertically, the 
assembly expands betWeen the annulus of the mitral valve 
and the roof of the atrium in order to anchor the assembly in 
the atrium. Thus, the roof of the atrium can exert a doWnWard 
pressure on the assembly in order to prevent upWard migra 
tion. A biocompatible sheet 106 extends from a bottom edge 
of the stent to some point beloW the pulmonary veins 61 so 
that blood ?oW through the pulmonary veins remains unob 
structed. A valve (not shoWn) can be positioned at a loWer end 
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of the assembly and Works in series With the native mitral 
valve, similar to the embodiments already described. 
[0061] FIG. 7 shoWs a cross-sectional vieW of a heart With 
another embodiment of a prosthetic mitral-valve assembly 
120 inserted into the atrium and positioned above the annulus 
60 of the native mitral valve 50. The assembly 120 includes a 
radially-expandable stent 122 that is anchored in the atrium 
through a pressure or friction ?t. Through radial expansion, 
the frame of the stent adapts to the natural anatomy of the 
patient’s atrium. A valve 124 is shoWn as visible through a 
biocompatible sheet 126.As shoWn, the native mitral valve 50 
is competent and Works in series With the prosthetic mitral 
valve assembly 120. Any regurgitant volume that passes by 
the native valve is blocked by the secondary prosthetic valve 
assembly. As already described, the result is an assembly With 
improved durability and reduced risk of valve migration. As 
in the other embodiments, the biocompatible sheet 126 is 
attached to the stent 122 in order to prevent paravalvular 
leakage. Four anchoring arms 128 are coupled to the stent 
frame 122 and are equally spaced around the frame’s circum 
ference. The opposite ends of the anchoring arms 128 are 
coupled together adjacent the roof of the atrium to create an 
open-ended dome. The anchoring arms 128 alloW the mitral 
valve assembly 120 to expand in tWo dimensions, such as a 
horiZontal direction and a vertical direction. By expanding 
horiZontally, the mitral-valve assembly uses side Walls of the 
atrium to anchor the assembly. By expanding vertically, the 
assembly expands betWeen the annulus of the mitral valve 
and the roof of the atrium in order to anchor the assembly in 
the atrium. Thus, the roof of the atrium can exert a doWnWard 
pressure on the assembly in order to prevent upWard migra 
tion. Although four anchoring arms are shoWn, any number of 
anchoring arms can be used (e.g., l, 2, 3, 5, 6, etc.) Addition 
ally, the anchoring arms 128 can be made of a ?exible metal 
(similar or identical to the stent) or polymer. 
[0062] FIG. 8 shoWs a cross-sectional vieW of a heart With 
another embodiment of a prosthetic mitral-valve assembly 
140 inserted into the atrium and positioned above the annulus 
60 of the native mitral valve 50. This embodiment also 
includes anchoring arms 142, similar to FIG. 7, except the 
anchoring arms 142 are coupled to a stent frame 144 at one 
end and to one or more pulmonary veins 61 at an opposite end. 
To couple the anchoring arms 142 to the pulmonary veins 61, 
pulmonary vein stents 146 are mounted into the pulmonary 
veins and are coupled to one end of the anchoring arms 142. 
The pulmonary vein stents 146 can be made from the same 
material as other stents described above and can be radially 
expandable. Additionally, the anchoring arms 142 can be 
made of a ?exible metal (similar or identical to the stent) or 
polymer. Furthermore, although tWo anchoring arms are 
shoWn, any number of anchoring arms can be used (e.g., l, 2, 
3, or 4). As in the other embodiments, a biocompatible sheet 
150 can be attached to the stent in order to prevent paraval 
vular leakage. 
[0063] FIG. 9 shoWs a cross-sectional vieW of a heart With 
another embodiment of a prosthetic mitral-valve assembly 
160 inserted into the atrium and positioned above the annulus 
60 of the native mitral valve 50. The embodiment of FIG. 9 is 
similar to the embodiment of FIG. 7, but With one or more 
anchoring arms 162, each coupled at one end to a stent 164 
and left uncoupled at an opposing end. The anchoring arms 
162 can be made of a ?exible metal (similar or identical to the 
stent) or polymer. Furthermore, although three anchoring 
arms are shoWn, any number of anchoring arms can be used 












