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(57) ABSTRACT

A prosthetic valve assembly for use in replacing a deficient

(21)  Appl. No.: 11/352,614 native valve comprises a replacement valve supported on an
o expandable valve support. If desired, one or more anchor

(22) Filed: Feb. 13, 2006 may be used. The valve support, which entirely supports the
Related U.S. Application Dat valve annulus, valve leaflets, and valve commissure points,

clate ppiicationt Data is configured to be collapsible for transluminal delivery and

(63) Continuation of application No. 10/412,634, filed on expandable to contact the anatomical annulus of the native

Apr. 10, 2003, now Pat. No. 7,018,406, which is a valve when the assembly is properly positioned. The anchor
continuation-in-part of application No. 10/130,355, engages the lumen wall when expanded and prevents sub-
filed on Nov. 26. 2002. now Pat. No. 6.830.584. filed stantial migration of the valve assembly when positioned in

as 371 of international application No. PCT/FR00/ place. The prosthetic valve assembly is compressible about
03176. filed on Nov. 15. 2000. a catheter, and restrained from expanding by an outer sheath.

Said application No. 10/412,634 is a continuation-in- The catheter may be inserted inside a lumen within the body,
part of application No. PCT/FR01/03258, filed on such as the femoral artery, and delivered to a desired

Oct. 19, 2001. location, such as the heart. When the outer sheath is
retracted, the prosthetic valve assembly expands to an
(30) Foreign Application Priority Data expanded position such that the valve and valve support
expand within the deficient native valve, and the anchor

Nov. 17, 1999 (FR)cvooeevereeeerirercenrsnieenresnnens 99/14462 engages the lumen wall.
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PROSTHETIC VALVE FOR TRANSLUMINAL
DELIVERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
Ser. No. 10/412,634 filed Apr. 10, 2003, now U.S. Pat. No.
, which is a continuation-in-part of U.S. Ser. No.
10/130,355 filed on May 17, 2002, now U.S. Pat. No.
6,830,584, which is the U.S. national phase under § 371 of
International Application No. PCT/FR00/03176, filed on
Nov. 15, 2000, which was published in a language other than
English and which claimed priority from French Application
No. 99/14462 filed on Nov. 17, 1999, now French Patent No.
2,800,984; this application is also a continuation-in-part of
International Application No. PCT/FR01/03258 filed on
Oct. 19, 2001, which was published in a language other than
English.

FIELD OF THE INVENTION

[0002] The present invention relates to a prosthetic cardiac
valve and related deployment system that can be delivered
percutaneously through the vasculature, and a method for
delivering same.

BACKGROUND OF THE INVENTION

[0003] Currently, the replacement of a deficient cardiac
valve is often performed by opening the thorax, placing the
patient under extracorporeal circulation, temporarily stop-
ping the heart, surgically opening the heart, excising the
deficient valve, and then implanting a prosthetic valve in its
place. U.S. Pat. No. 4,106,129 to Carpentier describes a
bioprosthetic heart valve with compliant orifice ring for
surgical implantation. This procedure generally requires
prolonged patient hospitalization, as well as extensive and
often painful recovery. It also presents advanced complexi-
ties and significant costs.

[0004] To address the risks associated with open heart
implantation, devices and methods for replacing a cardiac
valve by a less invasive means have been contemplated. For
example, French Patent Application No. 99 14462 illustrates
a technique and a device for the ablation of a deficient heart
valve by percutaneous route, with a peripheral valvular
approach. International Application (PCT) Nos. WO
93/01768 and WO 97/28807, as well as U.S. Pat. No.
5,814,097 to Sterman et al., U.S. Pat. No. 5,370,685 to
Stevens, and U.S. Pat. No. 5,545,214 to Stevens illustrate
techniques that are not very invasive as well as instruments
for implementation of these techniques.

[0005] U.S. Pat. No. 3,671,979 to Moulopoulos and U.S.
Pat. No. 4,056,854 to Boretos describe a catheter mounted
artificial heart valve for implantation in close proximity to a
defective heart valve. Both of these prostheses are temporary
in nature and require continued connection to the catheter
for subsequent repositioning or removal of the valve pros-
thesis, or for subsequent valve activation.

[0006] With regard to the positioning of a replacement
heart valve, attaching this valve on a support with a structure
in the form of a wire or network of wires, currently called
a stent, has been proposed. This stent support can be
contracted radially in such a way that it can be introduced
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into the body of the patient percutaneously by means of a
catheter, and it can be deployed so as to be radially expanded
once it is positioned at the desired target site. U.S. Pat. No.
3,657,744 to Ersek discloses a cylindrical, stent-supported,
tri-leaflet, tissue, heart valve that can be delivered through a
portion of the vasculature using an elongate tool. The stent
is mounted onto the expansion tool prior to delivery to the
target location where the stent and valve is expanded into
place. More recently, U.S. Pat. No. 5,411,552 to Andersen
also illustrates a technique of this type. In the Andersen
patent, a stent-supported tissue valve is deliverable percu-
taneously to the native heart valve site for deployment using
a balloon or other expanding device. Efforts have been made
to develop a stent supported valve that is self-expandable,
using memory materials such as Nitinol.

[0007] The stent supported systems designed for the posi-
tioning of a heart valve introduce uncertainties of varying
degree with regard to minimizing migration from the target
valve site. A cardiac valve that is not adequately anchored in
place to resist the forces of the constantly changing vessel
wall diameter, and turbulent blood flow therethrough, may
dislodge itself, or otherwise become ineffective. In particu-
lar, the known stents do not appear to be suited to sites in
which the cardiac wall widens on either proximally and/or
distally of the valve annulus situs. Furthermore, the native
cardiac ring remaining after ablation of the native valve can
hinder the positioning of these stents. These known systems
also in certain cases create problems related to the sealing
quality of the replacement valve. In effect, the existing
cardiac ring can have a surface that is to varying degrees
irregular and calcified, which not only lessens the quality of
the support of the stent against this ring but also acts as the
source of leaks between the valve and this ring. Also, these
systems can no longer be moved at all after deployment of
the support, even if their position is not optimal.

[0008] Also, the existing techniques are, however, consid-
ered not completely satisfactory and capable of being
improved. In particular, some of these techniques have the
problem of involving, in any case, putting the patient under
extracorporeal circulation and temporarily stopping of the
heart; they are difficult to put into practice; they do not allow
precise control of the diameter according to which the
natural valve is cut, in view of the later calibration of the
prosthetic valve; they lead to risks of diffusion of natural
valve fragments, often calcified, into the organism, which
can lead to an embolism, as well as to risks of perforation of
the aortic or cardiac wall; they, moreover, induce risks of
acute reflux of blood during ablation of the natural valve and
risks of obstruction of blood flow during implantation of the
device with a balloon expandable stent for example.

SUMMARY OF THE INVENTION

[0009] The object of the present invention is to translu-
minally provide a prosthetic valve assembly that includes
features for preventing substantial migration of the pros-
thetic valve assembly once delivered to a desired location
within a body. The present invention aims to remedy these
significant problems. Another objective of the invention is to
provide a support at the time of positioning of the replace-
ment valve that makes it possible to eliminate the problem
caused by the native valve sheets, which are naturally
calcified, thickened and indurated, or by the residues of the
valve sheets after valve resection. Yet another objective of
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the invention is to provide a support making possible
complete sealing of the replacement valve, even in case of
an existing cardiac ring which has a surface which is to
varying degrees irregular and/or to varying degrees calci-
fied. Another objective of the invention is to have a device
that can adapt itself to the local anatomy (i.e. varying
diameters of the ring, the subannular zone, the sino-tubular
junction) and maintain a known diameter of the valve
prosthesis to optimize function and durability. The invention
also has the objective of providing a support whose position
can be adapted and/or corrected if necessary at the time of
implantation.

[0010] The present invention is a prosthesis comprising a
tissue valve supported on a self-expandable stent in the form
of a wire or a plurality of wires that can be contracted
radially in order to make possible the introduction of the
support-valve assembly into the body of the patient by
means of a catheter, and which can be deployed in order to
allow this structure to engage the wall of the site where the
valve is to be deployed. In one embodiment, the valve is
supported entirely within a central, self-expandable, band.
The prosthetic valve assembly also includes proximal and
distal anchors. In one embodiment, the anchors comprise
discrete self-expandable bands connected to the central band
so that the entire assembly expands in unison into place to
conform more naturally to the anatomy. The valve can be
made from a biological material, such as an animal or human
valve or tissue, or from a synthetic material, such as a
polymer, and includes an annulus, leaflets, and commissure
points. The valve is attached to the valve support band with,
for example, a suture. The suture can be a biologically
compatible thread, plastic, metal, or adhesive, such as
cyanoacrylate.

[0011] Inone embodiment, the valve support band is made
from a single wire bent in a zigzag manner to form a
cylinder. Alternatively, the valve support band can be made
from a plurality of wires interwoven with one another. The
wire can be made from stainless steel, silver, tantalum, gold,
titanium, or any suitable tissue or biologically compatible
plastic, such as ePTFE or Teflon. The valve support band
may have a loop at its ends so that the valve support band
can be attached to an upper anchor band at its upper end, and
a lower anchor band at its lower end. The link can be made
from, for example, stainless steel, silver, tantalum, gold,
titanium, any suitable plastic material, or suture.

[0012] The prosthetic valve assembly is compressible
about its center axis such that its diameter can be decreased
from an expanded position to a compressed position. The
prosthetic valve assembly may be loaded onto a catheter in
its compressed position, and so held in place. Once loaded
onto the catheter and secured in the compressed position, the
prosthetic valve assembly can be transluminally delivered to
a desired location within a body, such as a deficient valve
within the heart. Once properly positioned within the body,
the catheter can be manipulated to release the prosthetic
valve assembly and expand it into its expanded position. In
one embodiment, the catheter includes adjustment hooks
such that the prosthetic valve assembly may be partially
released and expanded within the body and moved or
otherwise adjusted to a final desired location. At the final
desired location, the prosthetic valve assembly may be
totally released from the catheter and expanded to its full
expanded position. Once the prosthetic valve assembly is
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totally released from the catheter and expanded, the catheter
may be removed from the body.

[0013] Other embodiments are contemplated. In one such
alternative embodiment, this structure comprises an axial
valve support portion, which has a structure in the form of
a wire or in the form of a network of wires suitable for
receiving the replacement valve mounted on it, and suitable
for supporting the cardiac ring remaining after the removal
of the deficient native valve; at least one axial wedging
portion, which has a structure in the form of a wire or in the
form of a network of wires that is distinct from the structure
of said axial valve support portion, and of which at least a
part has, when deployed a diameter greater or smaller than
that of said deployed axial valve support portion, such that
this axial wedging portion is suitable for supporting the wall
bordering said existing cardiac ring; and at least a wire for
connecting said portions, this wire or these wires being
connected at points to these portions in such a way as not to
obstruct the deployment of said axial portions according to
their respective diameters. The embodiment thus provides a
support in the form of at least two axial portions that are
individualized with respect to one another with regard to
their structure, which are connected in a localized manner by
at least one wire; where this wire or these wires do not
obstruct the variable deployment of the axial portion with
the valve and of the axial wedging portion(s).

[0014] The presence of a structure in the form of a wire or
in the form of a network of wires in the axial valve support
portion makes possible a perfect assembly of this valve with
this structure, and the shape as well as the diameter of this
axial portion can be adapted for supporting the existing
cardiac ring under the best conditions. In particular, this
axial valve support portion can have a radial force of
expansion such that it pushes back (“impacts”) the valve
sheets that are naturally calcified or the residues of the valve
sheets after valve resection onto or into the underlying
tissues, so that these elements do not constitute a hindrance
to the positioning of the replacement valve. This structure
also makes it possible to support possible anchoring means
for the support and/or possible sealing means for the space
existing between the existing cardiac ring and the replace-
ment valve, as indicated below.

[0015] The form and/or diameter of each axial wedging
portion can be adapted for supporting the cardiac wall
situated at the approach to the existing cardiac ring under the
best conditions. In particular, this axial wedging portion can
have a tubular shape with a constant diameter greater than
that of the axial valve support portion, or the form of a
truncated cone whose diameter increases with distance from
the axial valve support portion.

[0016] Preferably, the tubular support has an axial valve
support portion in the form of at least two parts, of which at
least one is suitable for supporting the valve and of which at
least another is suitable for pushing back the native valve
sheets or the residues of the native valve sheets after valve
resection, into or onto the adjacent tissue in order to make
this region able to receive the tubular support. This axial
valve support portion eliminates the problem generated by
these valve or cardiac ring elements at the time of position-
ing of the replacement valve. The radial force of this axial
valve support portion, by impacting all or part of the
valvular tissue or in the wall or its vicinity in effect ensures
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a more regular surface more capable of receiving the valve
support axis. It also ensures a better connection with the wall
while reducing the risk of peri-prosthetic leakage. Further-
more, such a structure permits the valve to maintain a
diameter within a preset range to ensure substantial coap-
tivity and avoid significant leakage.

[0017] Specifically, in order to support the valve, the axial
valve support portion can have a part in the form of an
undulating wire with large-amplitude undulations, and a part
in the form of an undulating wire with small-amplitude
undulations, adjacent to said part with large amplitude
undulations, having a relatively great radial force in order to
make it possible to push said valvular tissue against or into
the wall of the passage. Preferably, the support according to
one embodiment of the present invention has two axial
wedging portions, one connected to an axial end of said
valve support portion and the other to the other axial end of
this same valve support portion. These two axial wedging
portions thus make it possible to wedge the support on both
sides of the existing cardiac ring, and consequently make
possible complete wedging of the support in two opposite
directions with respect to the treated site. If necessary, for
example, in the case in which the passage with the valve has
an aneurysm, the support according to the invention has: an
axial holding portion, suitable for supporting in the deployed
state the wall of the passage, and connecting wires such as
the aforementioned connecting wires, connecting said axial
valve support portion and said axial holding portion, these
wires having a length such that the axial holding portion is
situated after implantation a distance away from the axial
valve support portion. This distance allows said axial hold-
ing portion to rest against a region of the wall of the passage
not related to a possible defect which may be present at the
approach to the valve, particularly an aneurysm. The length
of the connecting wires can also be calculated in order to
prevent the axial holding portion from coming into contact
with the ostia of the coronary arteries. The aforementioned
axial portions (valve support, wedging, holding portions)
can have a structure in the form of an undulating wire, in
zigzag form, or preferably a structure in diamond-shaped
mesh form, the mesh parts being juxtaposed in the direction
of the circumference of these portions. This last structure
allows a suitable radial force making it possible to ensure
complete resting of said portions against the wall which
receives them.

[0018] The support according to the invention can be
produced from a metal that can be plastically deformed. The
instrument for positioning of the support then includes a
balloon which has an axial portion with a predetermined
diameter, adapted for realizing the deployment of said axial
valve support portion, and at least one axial portion shaped
s0 as to have, in the inflated state, a greater cross section than
that of the passage to be treated, in such a way as to produce
the expansion of the axial wedging portion placed on it until
this axial wedging portion encounters the wall which it is
intended to engage. The support according to this embodi-
ment of the present invention can also be produced from a
material that can be elastically deformed or even a material
with shape memory, such as the nickel-titanium alloy of the
type known as “Nitinol,” which can be contracted radially at
a temperature different from that of the body of the patient
and which regains its original shape when its temperature
approaches or reaches that of the body of the patient.
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[0019] According to another possibility, the support is
produced from a material with shape memory but that can be
plastically deformed, or has parts made from a material with
shape memory and parts made from a material that can be
plastically deformed, and is formed in such a way that it can
be brought, by shape memory or plastic deformation, from
a state of contraction to a stable intermediate state of
deployment between the state of contraction and the state of
total deployment, and then by plastic deformation or shape
memory respectively, from said intermediate state of
deployment to said state of total deployment; in said inter-
mediate state of deployment, the support has dimensions
such that it remains mobile with respect to the site to be
treated. The support is thus brought to the site to be treated
and then is deployed from its intermediate state; its position
can then possibly be adapted and/or corrected, and then the
support is brought to its state of total deployment. Specifi-
cally, the aforementioned material may have shape memory
but that can be plastically deformed, such as a nickel-
titanium alloy of the type called “martensitic Nitinol” that
can undergo plastic deformation by means of a balloon.

[0020] Advantageously, the support according to the
invention has some anchoring means suitable for insertion
into the wall of the site to be treated, and is shaped in such
away as to be mobile between an inactive position, in which
it does not obstruct the introduction of the support into the
body of the patient, and an active position, in which it is
inserted into the wall of the site to be treated. Substantially
complete immobilization of the support at the site is thus
obtained. In particular, this anchoring means can be in the
form of needles and can be mounted on the support between
retracted positions and radially projected positions. Advan-
tageously, the axial valve support portion has, at the site of
its exterior surface, a sealing means shaped in such a way as
to absorb the surface irregularities that might exist at or near
the existing cardiac ring. This sealing means can consist of
aperipheral shell made from a compressible material such as
polyester or tissue identical to the valve or a peripheral shell
delimiting a chamber and having a radially expandable
structure, this chamber being capable of receiving an inflat-
ing fluid suitable for solidifying after a predetermined delay
following the introduction into said chamber. This sealing
means can also include a material that can be applied
between the existing cardiac ring and the axial valve support
portion, this material being capable of solidifying after a
predetermined delay following this application. Specifically,
in this case, this material is capable of heat activation, for
example, by means of a laser, through the balloon, or
capable of activation by emission of light of predetermined
frequency, for example, by means of an ultraviolet laser,
through the balloon. Said sealing means can also be present
in the form of an inflatable insert with a spool-shaped cross
section in the inflated state, which can be inserted between
the existing cardiac ring and the axial valve support portion,
Said spool shape allows this insert to conform to the best
extent possible to the adjacent irregular structures and to
provide a better seal.

[0021] An assembly and method for removing the native
valve is also contemplated. In particular, the invention has
the objective of providing a device which gives complete
satisfaction with regard to the exeresis and replacement of
the valve, while allowing one to operate without opening of
the thorax, stopping of the heart and/or opening of the heart,
and preventing any diffusion into the circulatory system of
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fragments of the removed valve. In one embodiment, the
device comprises: an elongated support element; a first
series of elongated blades arranged around the circumfer-
ence of said elongated element; these blades are connected
in a pivoting manner to the elongated element at the site of
their proximal longitudinal ends and each has a sharp edge
at the site of its distal longitudinal end; these blades can
pivot with respect to the elongated element between a folded
up position, in which they are near the wall of the elongated
element in such a way that they do not stand in the way of
the introduction and sliding of the device in the body
channel in which the valve is located, in particular in the
aorta, and an opened out position, in which these blades are
spread out in the form of a corolla in such a way that their
sharp edges are placed in extension of one another and thus
constitute a sharp circular edge; a second series of blades,
arranged consecutively to said first series of blades in the
distal direction; the blades of this second series of blades
have a structure identical to that of the blades of said first
series of blades, except that these blades of this second series
are connected to the elongated element by their distal
longitudinal ends and each has a sharp edge at the site of its
proximal longitudinal end; means making it possible to
bring the blades of said first and second series of blades from
their folded up position to their opened out position; means
making it possible to move said series of blades axially in
the direction of one another, between a position of mutual
distancing of these series of blades, in which one series of
blades can be placed axially on one side of the natural valve
while the other series of blades is placed axially on the other
side of this valve, and a close together position, in which the
sharp circular edges of these two series of blades are brought
in mutual contact and thus cut off the natural valve, making
it possible to position each of the two aforementioned series
of blades on one side of this valve.

[0022] The device according to the invention can be
introduced percutaneously into said body channel and can be
slid in this channel until each of the aforementioned series
of blades is placed on one side of the valve. This position is
identified using said means of identification. A system of
peripheral perfusion or extracorporeal circulation or a blood
pump through the center of the delivery system pumping
blood from the left ventricle (proximal to the aortic valve) to
the aorta (distal to the aortic valve) can be put in place in
order to facilitate the flow of the blood, for the purpose of
preventing stagnation of the blood in the heart. After the
aforementioned positioning of the device, the blades of the
two series of blades are spread out; then these two series are
brought closer together until the valve is cut off. The
configuration of these blades makes it possible to execute
this cutting in a single operation, therefore without gener-
ating fragments which can be diffused into the circulatory
system, or at the very least generating only very few such
fragments; this configuration moreover makes possible pre-
cise control of the diameter according to which the natural
valve is cut, in view of later calibration of the prosthetic
valve. The blades are then brought back to the folded up
position. The prosthetic valve is then put in place.

[0023] This valve can be separate from the device, in
which case the latter is removed and then the prosthetic
valve is introduced and positioned in said body channel by
means of a separate device. Preferably however, the device
according to the invention includes a proximal prosthetic
valve, with a structure which can be spread out radially, with
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it possible for this prosthetic valve to occupy a folded up
position, in which it is near the wall of said elongated
element and does not sand in the way of the introduction and
siding of the device in said body channel, and an opened out
position, in which it rests against the wall of this channel and
is capable of replacing the natural cardiac valve.

[0024] The device thus makes it possible to introduce and
to position the prosthetic valve at the appropriate place in the
body channel, by the same action as that making it possible
to cut off the natural valve. After cutting off of the latter, the
device is slid axially in the distal direction in order to bring
the prosthetic valve to the appropriate site in this channel,
after which this prosthetic valve is spread out. The device is
then withdrawn, and the cut off natural valve is recovered.

[0025] Preferably, said elongated support element is a
tubular catheter. This catheter thus allows the blood to flow
through it during the exeresis of the natural valve. The cross
section of the channel of this catheter can be sufficient to
allow the blood to flow through this channel with or without
the help of a pump, which limits or prevents resorting to
putting the patient in extracorporeal circulation. The catheter
can also have a small diameter, which facilitates the intro-
duction and sliding of the device in the body channel, but it
is then necessary to provide peripheral circulation by an
external assistance system such as an extracorporeal circu-
lation system. The catheter has a lateral distal opening in
order to allow the blood to rejoin the body channel, for
example, the ascending aorta, this opening being arranged in
such a way that the length of catheter passed through the
blood is as short as possible.

[0026] Preferably, the device has a distal inflatable bal-
loon, placed at the site of the exterior surface of said
elongated element; this balloon is configured so as to occupy
a folded up position, in which it has a cross section such that
it does not stand in the way of the introduction and to the
sliding of the device in said body channel, and an opened out
position, in which it occupies he whole space existing
between the exterior surface of said elongated element and
the wall of said body channel and rests, by a peripheral edge
which it has, against this wall. The balloon is inflated after
the positioning of the series of blades on both sides of the
natural valve, in order to prevent reflux of the blood during
the ablation of the natural valve. If said elongated element
is a catheter, this balloon moreover makes it possible to case
this blood to flow only through the catheter. Once the
prosthetic valve is positioned, the balloon is brought back to
a folded up position so as to re-establish the blood flow
through the body channel.

[0027] Preferably, the device has a distal filter made of
flexible material, placed in the site of the exterior surface of
said elongated element; this filter is configured so that it can
occupy a folded up position, in which it has a cross section
such that it does not stand in the way of the introduction and
sliding of the device in said body channel, and an opened out
position, in which it occupies the whole space existing
between the exterior surface of said elongated element and
the wall of the channel and rests, by a peripheral edge which
it has, against this wall. This filter makes it possible to catch
possible fragments generated by the exeresis of the valve
and to retain them so that they are removed from the blood
circulation. The device can have some means making it
possible to move said series of blades in the axial direction
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independently from said balloon and/or from said filter.
Once opened out, this or these means do not have to be
moved axially in the body channel during the aforemen-
tioned axial movement of the series of blades.

[0028] Said balloon and/or said filter can also be separate
from the device, being mounted on an elongated support
element which belongs to them. In case of operation on a
mitral valve, this balloon and/or this filter is/are introduced
into the aorta by a peripheral artery route, and the device is
itself introduced into the heart by the peripheral venous
system, up to the right atrium and then into the left atrium
through the interatrial septum, up to the site of the mitral
valve. The prosthetic valve can advantageously have a frame
made of a material with a shape memory, particularly a
nickel-titanium alloy known as “Nitinol.” This same valve
can have valves made of biological material (preserved
animal or human valves) or valves made of synthetic mate-
rial such as a polymer. When replacing an aortic valve the
device may be alternatively introduced in a retrograde
manner through a peripheral artery (femoral artery) or
through a venous approach and trans-septally (antegrade).

[0029] The above embodiments and methods of use are
explained in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a cross-sectional side view of one
embodiment of an assembly of the present invention for
removing and replacing a native heart valve percutaneously;

[0031] FIG. 2 is a cross-section axial view of the assembly
of FIG. 1 taken at line II-II, shown in a closed condition;

[0032] FIG. 3 is a cross-section axial view of the assembly
of FIG. 1 taken at line II-1I, shown in an opened condition;

[0033] FIG. 4 is a perspective schematic view of one
embodiment of a prosthetic valve of the present invention;

[0034] FIGS. 5 to 9 are schematic views of the assembly
of the present invention positioned in a heart, at the site of
the valve that is to be treated, during the various successive
operations by means of which this valve is cut out and the
prosthetic valve shown in FIG. 4 deployed;

[0035] FIG. 10 is a schematic view of the prosthetic valve
shown of FIG. 4 shown in a deployed state;

[0036] FIG. 11 is a schematic view of an alternative
embodiment of the assembly of the present invention shown
treating a mitral valve;

[0037] FIG. 12 is a cross-sectional view of a section of a
blade used in excising the native valve[];

[0038] FIG. 13 is a schematic view of one embodiment of
the support structure of the prosthesis assembly of the
present invention;

[0039] FIG. 14 is a cross-sectional view of the support of
FIG. 13 showing a heart valve supported by the central
portion of the support;

[0040] FIG. 15 is an end view of the support of FIGS. 13
and 14 in the deployed state;

[0041] FIG. 16 is an end view of the support of FIGS. 13
and 14 in the contracted state;
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[0042] FIG. 17 is a schematic view of a heart with an
embodiment of the present inventive prosthesis shown
deployed in place;

[0043] FIG. 18 is a schematic view of an alternative
embodiment of the present invention;

[0044] FIG. 19 is schematic view of an alternative
embodiment of the present invention;

[0045] FIG. 20 is a detail view of a part of the support
structure of one embodiment of the present invention;

[0046] FIG. 21 is a schematic view of the support of FIG.
19 shown in a deployed state;

[0047] FIG. 22 is schematic view of an alternative
embodiment of the present invention;

[0048] FIG. 23 is a detail view of the support of FIG. 22
shown in the contracted state;

[0049] FIG. 24 is a detail view of the support of FIG. 23
taken along line 23-23;

[0050] FIG. 25 is a detail view of the support of FIG. 22
shown in the expanded state;

[0051] FIG. 26 is a detail view of the support of FIG. 25
taken along line 25-25;

[0052] FIG. 27 is a schematic view of an alternative
embodiment of the present invention;

[0053] FIG. 28 is a detailed cross section view of the
support of FIG. 27;

[0054] FIG. 29 is a partial schematic view in longitudinal
section of the support of the present invention and of a
calcified cardiac ring;

[0055] FIG. 30 is a schematic view of an alternative to the
support of FIG. 29;

[0056] FIG. 31 is a schematic view of an alternative to the
support of FIG. 29;

[0057] FIGS. 32 and 33 are schematic views of an alter-
native to the support of FIG. 29;

[0058] FIG. 34 is a schematic cross-sectional view of a
balloon corresponding to the support structure of FIGS. 19
to 21;

[0059] FIG. 35 is a schematic longitudinal sectional view
of an alternative embodiment of the balloon of FIG. 34;

[0060] FIG. 36 is a schematic view of a heart with an
embodiment of the present inventive prosthesis shown
deployed in place;

[0061] FIG. 37 is a perspective view of one embodiment
of a prosthetic valve assembly of the present invention;

[0062] FIG. 38 is a side view of the prosthetic valve
assembly of FIG. 37;

[0063] FIG. 39 is a photograph of one embodiment of the
prosthetic valve assembly of FIG. 37;

[0064] FIG. 40 is a photograph of an alternative embodi-
ment of the prosthetic valve assembly with a sheath around
the valve;
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[0065] FIG. 41A is a perspective view of a distal portion
of a catheter assembly for use in deploying the prosthetic
valve assembly described herein;

[0066] FIG. 41B is a perspective view of a proximal
portion of the catheter assembly of FIG. 41A;

[0067] FIG. 42 is a photograph of the distal portion of the
catheter assembly of FIG. 41A;

[0068] FIGS. 43 through 45 are photographs of the
catheter assembly of FIG. 40A showing deployment of a
prosthesis assembly in sequence;

[0069] FIGS. 46 and 47 are photographs of the catheter
assembly of FIG. 41A showing deployment of an alterna-
tive prosthesis assembly;

[0070] FIG. 48 is a photograph of the alternative prosthe-
sis assembly shown in FIGS. 46 and 47.

[0071] FIG. 49 is a photograph of an alternative embodi-
ment of the prosthetic valve assembly of FIG. 37 showing
only a distal anchor;

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0072] Reference is now made to the figures wherein like
parts are designated with like numerals throughout. FIGS. 1
to 3 represent a device 1 for replacing a heart valve by a
percutaneous route. This device comprises a tubular catheter
2 formed from three tubes 5, 6, 7 engaged one inside the
other and on which there are placed, from the proximal end
to the distal end (considered with respect to the flow of
blood, that is to say from right to left in FIG. 1), a prosthetic
valve 10, two series of blades 11, 12, a balloon 13 and a filter
14. The three tubes 5, 6, 7 are mounted so that they can slide
one inside the other. The interior tube 5 delimits a passage
15, the cross section of which is large enough to allow blood
to flow through it. At the proximal end, the intermediate tube
6 forms a bell housing 6a delimiting, with the interior tube
5, an annular cavity 17 in which the prosthetic valve 10 is
contained in the furled condition.

[0073] FIG. 4 shows that this valve 10 comprises an
armature 20 and valve leaflets 21 mounted so that they are
functionally mobile on this armature 20. The armature
consists of a collection of wires 22, 23, 24 made of shape
memory material, particularly of nickel-titanium alloy
known by the name of “NITINOL;” namely, (i) a proximal
end wire 22 which, when the valve 10 is in the deployed
state, has a roughly circular shape; (ii) a distal end wire 23
forming three corrugations in the axial direction, these
corrugations being distributed uniformly around the circum-
ference of the valve 10, and (iii) an intermediate wire 24
forming longitudinal corrugations between the wires 22 and
23, this wire 24 being connected to the latter ones via the
ends of each of these corrugations. The valve leaflets 21 for
their part are made of biological material (preserved human
or animal valve leaflets) or of synthetic material, such as a
polymer. The armature 20 may, when its material is cooled,
be radially contracted so that the valve 10 can enter the
cavity 17. When this material is heated to body temperature,
this armature 20 returns to its original shape, depicted in
FIG. 4, in which it has a diameter matched to that of a bodily
vessel, particularly the aorta, in which the native valve that
is to be treated lies. This diameter of the armature 20 is such
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that the valve 10 bears against the wall of the bodily vessel
and is immobilized in the axial direction with respect to that
vessel.

[0074] Each series of blades 11, 12 comprises metal elon-
gate blades 30 and an inflatable balloon 31 situated between
the catheter 2 and these blades 30. The blades 30 have a
curved profile and are arranged on the circumference of the
catheter 2, as shown in FIGS. 2 and 3. The blades 30 of the
proximal series 11 are connected pivotably to the tube 6 by
their proximal ends and comprise a cutting distal edge 30a,
while the blades 30 of the distal series 12 are connected
pivotably to the exterior tube 7 by their distal ends and
comprise a cutting proximal edge 30b. The connection
between the blades 30 and the respective tubes 6 and 7 is
achieved by welding the ends of the blades 30 together to
form a ring, this ring being fixed axially to the corresponding
tube 6, 7 by crimping this ring onto this tube 6, 7, the
pivoting of the blades 30 being achieved by simple elastic
deformation of these blades 30. This pivoting can take place
between a position in which the blades 30 are furled, radially
internally with respect to the catheter 2 and shown in FIGS.
1 and 2, and a position in which these blades 30 are
unfurled, radially externally with respect to this catheter 2
and shown in FIG. 3. In the furled position, the blades 30 lie
close to the wall of the tube 6 and partially overlap each
other so that they do not impede the introduction and the
sliding of the device 1 into and in the bodily vessel in which
the native valve that is to be treated lies; in said unfurled
position, the blades 30 are deployed in a corolla so that their
cutting edges 30qa, 305 are placed in the continuation of one
another and thus constitute a circular cutting edge visible in
FIG. 3.

[0075] Each balloon 31, placed between the tube 3 and the
blades 30, may be inflated from the end of the catheter 2
which emerges from the patient, via a passage 32 formed in
the tube 6. It thus, when inflated, allows the blades 30 to be
brought from their furled position into their unfurled posi-
tion, and performs the reverse effect when deflated. The
axial sliding of the tube 6 with respect to the tube 7 allows
the series of blades 11, 12 to be moved axially toward one
another, between a spaced-apart position shown in FIG. 1,
and a close-together position. In the former of these posi-
tions, one series of blades 11 may be placed axially on one
side of the native valve while the other series of blades 12
is placed axially on the other side of this valve, whereas in
the latter of these positions, the circular cutting edges of
these two series of blades 11, 12 are brought into mutual
contact and thus cut through the native valve in such a way
as to detach it from said bodily vessel. The tubes 5 to 7
further comprise marks (not visible in the figures) in barium
sulfate allowing the axial position of the device 1 with
respect to the native valve to be identified percutaneously so
that each of the two series of blades 11, 12 can be placed on
one axial side of this valve. These tubes 5 to 7 also comprise
lateral distal openings (not depicted) to allow the blood to
reach the bodily vessel, these openings being formed in such
a way that the length of catheter 2 through which the blood
flows is as short as possible, that is to say immediately after
the filter 14, in the distal direction.

[0076] The balloon 13 is placed on the exterior face of the
tube 7, distally with respect to the series 12. This balloon 13
has an annular shape and is shaped to be able to occupy a
furled position in which it has a cross section such that it
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does not impede the introduction and sliding of the device 1
into and in said bodily vessel, and an unfurled position, in
which it occupies all of the space between the exterior face
of the tube 7 and the wall of said bodily vessel and, via a
peripheral edge 13a which it comprises, bears against this
wall.

[0077] The filter 14 is placed distally with respect to the
balloon 13, on the tube 7, to which it is axially fixed. This
filter 14 is made of flexible material, for example polyester
netting, and is shaped to be able to occupy a furled position
in which it has a cross section such that it does not impede
the introduction and sliding of the device 1 into and in said
bodily vessel, and an unfurled position in which it occupies
all of the space between the exterior face of the catheter 2
and the wall of this vessel and, via a peripheral edge 14a
which it comprises, bears against this wall.

[0078] An inflatable balloon 35 is placed between the tube
7 and the filter 14 so as, depending on whether it is inflated
or deflated, to bring the filter 14 into its respective unfurled
and furled positions. In practice, as shown by FIGS. 5t0 9,
the device 1 is introduced into said bodily vessel 50 by a
percutaneous route and is slid along inside this vessel 50
until each of the series 11, 12 of blades is placed on one side
of the native valve 55 that is to be treated (FIG. 5). This
position is identified using the aforementioned marks. When
the device is in this position, the proximal part of the catheter
2 is situated in the heart, preferably in the left ventricle,
while the aforementioned distal lateral openings are placed
in a peripheral arterial vessel, preferably in the ascending
aorta. The balloons 13 and 35 are inflated in such a way as
to cause blood to flow only through the passage 15 and
prevent blood reflux during the ablation of the valve 55. A
peripheral perfusion system is set in place to facilitate this
flow. The blades 30 of the two series 11, 12 are then
deployed (FIG. 6) by inflating the balloons 31, then these
two series 11, 12 are moved closer together by sliding the
tube 6 with respect to the tube 7, until the valve 55 is cut
through (FIG. 7). The blades 30 are then returned to their
furled position by deflating the balloons 31 while at the same
time remaining in their close-together position, which
allows the cut-out valve 55 to be held between them. The
device 1 is then slid axially in the distal direction so as to
bring the bell housing 6a to the appropriate position in the
vessel 50 (FIG. 8), after which the valve 10 is deployed by
sliding the tube 6 with respect to the tube 5 (FIG. 9). The
balloons 13 and 35 are deflated then the device 1 is with-
drawn and the cut-out valve 55 is recovered (FIG. 10).

[0079] FIG. 11 shows a second embodiment of the device
1, allowing operation on a mitral valve 56. The same
reference numerals are used to denote the same elements or
parts as the aforementioned, as long as these elements or
parts are identical or similar in both embodiments. In this
case, the tubular catheter is replaced by a support wire 2, on
which one of the series of blades is mounted and by a tube
engaged over and able to slide along this wire, on which tube
the other series of blades is mounted; the passages for
inflating the balloons 31 run along this support wire and this
tube; the balloon 13 and the filter 14 are separate from the
device 1 and are introduced into the aorta via a peripheral
arterial route, by means of a support wire 40 along which the
passages for inflating the balloons 13 and 35 run. The device
1, devoid of balloon 13 and the filter 14, is for its part
introduced into the heart through the peripheral venous
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system, as far as the right atrium then into the left atrium
through the inter-auricular septum, as far as the valve 56. For
the remainder, the device 1 operates in the same way as was
mentioned earlier. The invention thus provides a device for
replacing a heart valve by a percutaneous route, making it
possible to overcome the drawbacks of the prior techniques.
Indeed the device 1 is entirely satisfactory as regards the
cutting-away of the valve 55, 56, making it possible to
operate without stopping the heart and making it possible, by
virtue of the filter 14, to prevent any dispersion of valve
fragments 55, 56 into the circulatory system.

[0080] The above device may comprise a fourth tube,
engaged on and able to slide along the tube 7, this fourth
tube comprising the balloon and the filter mounted on it and
allowing said series of blades to be moved in the axial
direction independently of said balloon and/or of said filter;
the blades may be straight as depicted in the drawing or may
be curved toward the axis of the device at their end which
has the cutting edge, so as to eliminate any risk of lesion in
the wall of the bodily vessel, as shown in FIG. 12; the filter
14 may be of the self-expanding type and normally kept in
the contracted position by a sliding tube, which covers it,
making the balloon 35 unnecessary.

[0081] FIGS. 13 to 16 represent tubular support 101 for
positioning, by percutaneous route, of replacement heart
valve 102. The support structure 101 includes median por-
tion 103, which contains valve 102, two extreme wedging
portions 104 and wires 105 for connecting these portions
103 and 104, Median portion 103 also includes peripheral
shell 106 provided with anchoring needles 107 and shell 108
made of compressible material. As is particularly apparent
from FIG. 13, each of portions 103 and 104 is formed with
an undulating wire, and wires 105 connect pointwise the
ends of the undulations of portion 103 to the end of an
adjacent wave of portion 104. Portions 104, seen in
expanded form, have lengths greater than the length of
portion 103, so that when the ends of the wires respectively
forming portions 103 and 104 are connected in order to form
the tubular support structure 101, the diameter of portion
103 is smaller than the diameter of portions 104.

[0082] The diameter of portion 103 is such that portion
103 can, as shown by FIG. 17, support cardiac ring 110 that
remains after removal of the deficient native valve, while
portions 104 cart support walls 111 bordering ring 110.
These respective diameters are preferably such that said
supporting operations take place with slight radial restraint
of ring 110 and walls 111. Portion 103 presents in the
deployed state a constant diameter. Portions 104 can have a
constant diameter in the form of a truncated cone whose
diameter increases away from portion 103. The entire sup-
port structure 101 can be made from a material with shape
memory, such as the nickel-titanium alloy known as “Niti-
nol.” This material allows the structure to be contracted
radially, as shown in FIG. 16, at a temperature different form
that of the body of the patient and to regain the original
shape shown in FIGS. 14 and 15 when its temperature
approaches or reaches that of the body of the patient. The
entire support structure 101 can also be made from a
material that can be expanded using a balloon, such as from
medical stainless steel (steel 316 ). Valve 102 can be made
of biological or synthetic tissue. It is connected to portion
103 by sutures or by any other appropriate means of attach-
ment. It can also be molded on portion 103. Shell 106 may
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be made of “Nitinol.” It is connected to the undulations of
portion 103 at mid-amplitude, and has needles 107 at the site
of its regions connected to these undulations. Needles 107
consist of strands of metallic wire pointed at their free ends,
which project radially towards the exterior of shell 106.

[0083] This shell can take on the undulating form which
can be seen in FIG. 16 in the contracted state of support 101
and the circular form which can be seen in FIG. 4 in the
deployed state of this support 101. In its undulating form,
shell 106 forms undulations 1064 projecting radially on the
outside of support 101, beyond needles 107, so that these
needles 107, in the retracted position, do not obstruct the
introduction of support 101 in a catheter or, once support
101 has been introduced into the heart using this catheter, do
not obstruct the deployment out of this support 1. The return
of'shell 6 to its circular form brings needles 107 to a position
of deployment, allowing them to be inserted in ring 110 in
order to complete the anchoring of support 101. Shell 108 is
attached on shell 106. Its compressible material allows it to
absorb the surface irregularities which might exist at or near
ring 110 and thus to ensure complete sealing of valve 102.

[0084] FIG. 18 shows a support structure 101 having a
single portion 104 connected to portion 103 by wires 105.
This portion 104 is formed by two undulating wires 114
connected together by wires 115. FIG. 19 shows a support
structure 101 which has portion 103 and portion 104 con-
nected by connecting wires 105. These portions 103 and 104
have diamond-shaped mesh structures, these mesh parts
being juxtaposed in the direction of the circumference of
these portions and connected together at the site of two of
their opposite angles in the direction of the circumference of
these portions 103 and 104. Wires 105 are connected to these
structures at the site of the region of junction of two
consecutive mesh parts. These mesh parts also have anchor-
ing hooks 107 extending through them from one of their
angles situated in the longitudinal direction of support 101.

[0085] FIG. 20 illustrates, in an enlarged scale, the struc-
ture of this portion 104 and of a part of wires 105, as cut, for
example, with a laser from a cylinder of stainless steel, and
after bending of sharp ends 1074 of hooks 107. These hooks,
in a profile view, can have the shape as shown in FIG. 24 or
26. The structure represented in FIG. 19 also has axial
holding portion 120, which has a structure identical to that
of portion 104 but with a coarser mesh size, and three wires
105 of significant length connecting this portion 120 to
portion 103. These wires 105, on the side of portion 120,
have a single link 1054 and on the side of portion 103, a
double link 1056. Their number corresponds to the three
junctions formed by the three valves of valve 102, which
facilitates mounting of valve 102 on support 101 thus
formed. The support according to FIG. 19 is intended to be
used, as appears in FIG. 21, when the body passage with the
valve to be replaced, in particular the aorta, has a variation
in diameter at the approach to the valve. The length of wires
105 connecting portions 103 and 120 is provided so that
after implantation, portion 120 is situated in a non-dilated
region of said body passage, and this portion 120 is provided
so as to engage the wall of the passage.

[0086] FIG. 22 shows a structure similar to that of FIG.
19 but unexpanded, except that the three wires 105 have a
single wire structure but have an undulating wire 121
ensuring additional support near portion 103. This wire 121
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is designed to support valve 102 with three valve leaflets.
FIGS. 23 to 26 show an embodiment variant of the structure
of portions 103, 104 or 120, when this structure is equipped
with hooks 107. In this case, the structure has a zigzagged
form, and each hook 107 has two arms 1075; each of these
arms 1075 is connected to the other arm 1075 at one end and
to an arm of structure 101 at its other end. The region of
junction of the two arms 1075 has bent hooking pin 107a.

[0087] FIG. 27 shows portion 103 which has two undu-
lating wires 125, 126 extending in the vicinity of one another
and secondary undulating wire 127. As represented in FIG.
28, wires 125, 126 can be used to execute the insertion of
valve 102 made of biological material between them and the
attachment of this valve 102 to them by means of sutures
127. FIG. 29 shows a part of support 101 according to FIGS.
13 to 17 and the way in which the compressible material
constituting shell 108 can absorb the surface irregularities
possibly existing at or near ring 110, which result from
calcifications. FIG. 30 shows support 101 whose shell 106
has no compressible shell. A material can then be applied, by
means of an appropriate cannula (not represented), between
ring 110 and this shell 106, this material being able to
solidify after a predetermined delay following application.

[0088] FIG. 31 shows support 101 whose shell 106 has a
cross section in the form of a broken line, delimiting, on the
exterior radial side, a lower shoulder. Housed in the step
formed by this shoulder and the adjacent circumferential
wall is peripheral shell 108 which can be inflated by means
of a catheter (not represented). This shell 108 delimits a
chamber and has a radially expandable structure, such that
it has in cross section, in the inflated state, two widened ends
projecting on both sides of shell 106. This chamber can
receive an inflating fluid that can solidify in a predetermined
delay following its introduction into said chamber. Once this
material has solidified, the inflating catheter is cut off.

[0089] FIGS. 32 and 33 show support 101 whose shell
106 receives inflatable insert 108 which has a spool-shaped
cross section in the inflated state; this insert 108 can be
inflated by means of catheter 129. Insert 108 is positioned in
the uninflated state (FIG. 32) at the sites in which a space
exists between shell 106 and existing cardiac ring 110. Its
spool shape allows this insert (cf. FIG. 33) to conform as
much as possible to the adjacent irregular structures and to
ensure a better seal.

[0090] FIG. 34 shows balloon 130 making it possible to
deploy support 101 according to FIGS. 19 to 21. This
balloon 130 has cylindrical portion 131 whose diameter in
the inflated state makes possible the expansion of holding
portion 120, a cylindrical portion 132 of lesser diameter,
suitable for producing the expansion of portion 103, and
portion 133 in the form of a truncated cone, makes possible
the expansion of portion 104. As shown by FIG. 35, portion
132 can be limited to what is strictly necessary for deploying
portion 103, which makes it possible to produce balloon 130
in two parts instead of a single part, thus limiting the volume
of this balloon 130.

[0091] FIG. 36 shows support 101 whose median portion
103 is in two parts 103a, 1035. Part 103a is made of
undulating wire with large-amplitude undulations, in order
to support valve 102, and part 1035, adjacent to said part
103a and connected to it by bridges 135, is made of
undulating wire with small-amplitude undulations. Due to
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its structure, this part 1035 presents a relatively high radial
force of expansion and is intended to be placed opposite ring
110 in order to push back: the native valve sheets which are
naturally calcified, thickened and indurated, or the residues
of the valve sheets after valve resection against or into the
wall of the passage. This axial portion 103a, 1035 thus
eliminates the problem induced by these sheets or residual
sheets at the time of positioning of valve 102.

[0092] Tt is apparent from the preceding that one embodi-
ment of the invention provides a tubular support for posi-
tioning, by percutaneous route, of a replacement heart valve,
which provides, due to its portions 103 and 104, complete
certitude as to its maintenance of position after implantation.
This support also makes possible a complete sealing of the
replacement valve, even in case of a cardiac ring with a
surface that is to varying degrees irregular and/or calcified,
and its position can be adapted and/or corrected as necessary
at the time of implantation.

[0093] Referring to FIGS. 37 and 38, the present inven-
tion also comprises an alternative prosthetic valve assembly
310, which further comprises a prosthetic valve 312, a valve
support band 314, distal anchor 316, and a proximal anchor
318. Valve 312 can be made from a biological material, such
as one originating from an animal or human, or from a
synthetic material, such as a polymer. Depending upon the
native valve to be replaced, the prosthetic valve 312 com-
prises an annulus 322, a plurality of leaflets 324, and a
plurality of commissure points 326. The leaflets 324 permit
the flow of blood through the valve 312 in only one
direction. In the preferred embodiment, the valve annulus
322 and the commissure points 326 are all entirely supported
within the central support band 314. Valve 312 is attached to
the valve support band 314 with a plurality of sutures 328,
which can be a biologically compatible thread. The valve
could also be supported on band 314 with adhesive, such as
cyanoacrylate.

[0094] In one embodiment, valve 312 can be attached to,
or may integral with, a sleeve or sheath (not shown). The
sheath is secured to the valve support band 314 such that the
outer surface of the sheath is substantially in contact with the
inner surface of the valve support band 314. In such embodi-
ment, the sheath can be attached to the valve support band
314 with sutures 328. FIG. 40 is a photograph of the concept
of this alternative embodiment. If desired, the sheath can be
secured to the outside of valve support band 314 (not
shown).

[0095] Referring to FIGS. 37 and 38, in one embodiment,
valve support band 314 is made from a single wire 342
configured in a zigzag manner to form a cylinder. Alterna-
tively, valve support band 314 can be made from a plurality
of wires 342 attached to one another. In either case, the band
may comprise one or more tiers, each of which may com-
prise one or more wires arranged in a zigzag manner, for
structural stability or manufacturing ease, or as anatomical
constraints may dictate. If desired, even where the central
valve support 314 is manufactured having more than one
tier, the entire valve support 314 may comprise a single wire.
Wire 342 can be made from, for example, stainless steel,
silver, tantalum, gold, titanium, or any suitable plastic mate-
rial. Valve support band 314 may comprise a plurality of
loops 344 at opposing ends to permit attachment to valve
support band 314 of anchors 316 and/or 318 with a link.
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Loops 344 can be formed by twisting or bending the wire
342 into a circular shape. Alternatively, valve support band
314 and loops 344 can be formed from a single wire 342 bent
in a zigzag manner, and twisted or bent into a circular shape
at each bend. The links can be made from, for example,
stainless steel, silver, tantalum, gold, titanium, any suitable
plastic material, solder, thread, or suture. The ends of wire
342 can be joined together by any suitable method, including
welding, gluing or crimping.

[0096] Still referring to FIGS. 37 and 38, in one embodi-
ment, distal anchor 316 and proximal anchor 318 each
comprise a discrete expandable band made from one or more
wires 342 bent in a zigzag manner similar to the central
band. Distal anchor band 316 and proximal anchor band 318
may comprise a plurality of loops 344 located at an end of
wire 342 so that distal anchor band 316 and proximal anchor
band 318 can each be attached to valve support band 314
with a link. Loop 344 can be formed by twisting or bending
the wire 342 into a circular shape. As desired, distal and/or
proximal anchors 316, 318 may comprise one or more tiers,
as explained before with the valve support 314. Likewise,
each anchor may comprise one or more wires, regardless of
the number of tiers. As explained above in regard to other
embodiments, the distal anchor may be attached to the
central valve support band 314 directly, as in FIG. 37, or
spaced distally from the distal end of the valve support 314,
as shown above schematically in FIGS. 18, 19, 21 and 22.
In the later instance, one or more struts may be used to link
the distal anchor band to the valve support band, as
described above.

[0097] Distal anchor band 316 has a first end 350 attached
to the central valve band 314, and a second end 352.
Similarly, proximal anchor band 318 has first attached end
354 and a second end 356. The unattached ends 352, 356 of
the anchors 316, 318, respectively are free to expand in a
flared manner to conform to the local anatomy. In such
embodiment the distal and proximal anchor bands 316, 318
are configured to exert sufficient radial force against the
inside wall of a vessel in which it can be inserted. Applying
such radial forces provides mechanical fixation of the pros-
thetic valve assembly 310, reducing migration of the pros-
thetic valve assembly 310 once deployed. It is contemplated,
however, that the radial forces exerted by the valve support
314 may be sufficient to resist more than a minimal amount
of migration, thus avoiding the need for any type of anchor.

[0098] In an alternative embodiment, distal and proximal
anchors may comprise a fixation device, including barbs,
hooks, or pins (not shown). Such devices may alternatively
or in addition be placed on the valve support 314. If so
desired, the prosthetic valve assembly 310 may comprise an
adhesive on the exterior thereof to adhere to the internal
anatomical lumen.

[0099] Prosthetic valve assembly 310 is compressible
about its center axis such that its diameter may be decreased
from an expanded position to a compressed position. When
placed into the compressed position, valve assembly 310
may be loaded onto a catheter and transluminally delivered
to a desired location within a body, such as a blood vessel,
or a defective, native heart valve. Once properly positioned
within the body the valve assembly 310 can be deployed
from the compressed position to the expanded position.
FIG. 39 is a photograph of one embodiment of the prosthetic
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valve assembly described with both distal and proximal
anchor bands while FIG. 49 is a photograph showing only
a distal anchor.

[0100] In the preferred embodiment, the prosthetic valve
assembly 310 is made of self-expanding material, such as
Nitinol. In an alternative embodiment, the valve assembly
310 requires active expansion to deploy it into place. Active
expansion may be provided by an expansion device such as
a balloon.

[0101] As referred to above in association with other
embodiments, the prosthetic valve assembly of the present
invention is intended to be percutaneously inserted and
deployed using a catheter assembly. Referring to FIG. 41A,
the catheter assembly 510 comprises an outer sheath 512, an
elongate pusher tube 514, and a central tube 518, each of
which are concentrically aligned and permit relative move-
ment with respect to each other. At a distal end of the pusher
tube 514 is a pusher tip 520 and one or more deployment
hooks 522 for retaining the prosthesis assembly (not shown).
The pusher tip 520 is sufficiently large so that a contracted
prosthesis assembly engages the pusher tip 520 in a fric-
tional fit arrangement. Advancement of the pusher tube 514
(within the outer sheath 512) in a distal direction serves to
advance the prosthesis relative to the outer sheath 512 for
deployment purposes.

[0102] At a distal end of the central tube 518 is an
atraumatic tip 524 for facilitating the advancement of the
catheter assembly 510 through the patient’s skin and vas-
culature. The central tube 518 comprises a central lumen
(shown in phantom) that can accommodate a guide wire 528.
In one embodiment, the central lumen is sufficiently large to
accommodate a guide wire 528 that is 0.038 inch in diam-
eter. The guide wire can slide through the total length of the
catheter form tip to handle (‘over the wire’ catheter) or the
outer sheath 512 can be conformed so as to allow for the
guide wire to leave the catheter before reaching its proximal
end (‘rapid exchange’ catheter). The space between the
pusher tube 514 and the outer sheath 512 forms a space
within which a prosthetic valve assembly may be mounted.

[0103] Hooks 522 on the distal end of the pusher tube 514
may be configured in any desired arrangement, depending
upon the specific features of the prosthetic assembly. With
regard to the prosthesis assembly of FIGS. 37 and 38, the
hooks 522 preferably comprise an [.-shaped arrangement to
retain the prosthesis assembly axially, but not radially. With
a self-expanding assembly, as the prosthesis assembly is
advanced distally beyond the distal end of the outer sheath
512, the exposed portions of the prosthesis assembly expand
while the hooks 522 still retain the portion of the prosthesis
still housed within the outer sheath. When the entire pros-
thesis assembly is advanced beyond the distal end of the
outer sheath, the entire prosthesis assembly is permitted to
expand, releasing the assembly from the hooks. FIGS. 42
through 45 show the distal end of one embodiment of the
catheter assembly, three of which show sequenced deploy-
ment of a valve prosthesis.

[0104] In an alternative embodiment of the valve prosthe-
sis, loop elements extend axially from one end of the
prosthesis, where the loop elements can be retained by the
hooks 522 during deployment. This alternative embodiment
is shown in the photograph of FIG. 48, where the photo-
graphs of FIGS. 46 and 47 show a catheter assembly used
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for deploying the alternative prosthesis assembly. By adding
loop elements to the prosthesis, the prosthesis may be
positioned with its support and anchors fully expanded in
place while permitting axial adjustment into final placement
before releasing the prosthesis entirely from the catheter.

[0105] FIG. 41B shows the proximal end of the catheter
assembly 510, which to a greater extent has many conven-
tional features. At the distal end of the pusher tube 514 is a
plunger 530 for advancing and retreating the pusher tube
514 as deployment of the prosthesis assembly is desired. As
desired, valves and flush ports proximal and distal to the
valve prosthesis may be provided to permit effective and
safe utilization of the catheter assembly 510 to deploy a
prosthesis assembly.

[0106] In one embodiment, prosthetic valve assembly 310
(not shown) is mounted onto catheter 510 so that the valve
assembly 310 may be delivered to a desired location inside
of a body. In such embodiment, prosthetic valve assembly
310 is placed around pusher tip 520 and compressed radially
around the tip 520. The distal end of prosthetic valve
assembly 310 is positioned on the hooks 522. While in the
compressed position, outer sheath 512 is slid toward the
atraumatic tip 524 until it substantially covers prosthetic
valve assembly 310.

[0107] To deliver prosthetic valve assembly 310 to a
desired location within the body, a guide wire 528 is inserted
into a suitable lumen of the body, such as the femoral artery
or vein to the right atrium, then to the left atrium through a
transseptal approach, and maneuvered, utilizing conven-
tional techniques, until the distal end of the guide wire 528
reaches the desired location. The catheter assembly 510 is
inserted into the body over the guide wire 528 to the desired
position. Atraumatic tip 524 facilitates advancement of the
catheter assembly 510 into the body. Once the desired
location is reached, the outer sheath 512 is retracted per-
mitting the valve prosthesis to be released from within the
outer sheath 512, and expand to conform to the anatomy. In
this partially released state, the position of prosthetic valve
310 may be axially adjusted by moving catheter assembly
510 in the proximal or distal direction.

[0108] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be con-
sidered in all respects only as illustrative, and not restrictive
and the scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes that come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A prosthetic valve assembly for use in replacing a
deficient native valve, the valve assembly comprising:

a valve having a plurality of resilient leaflets;

a valve support configured to be collapsible for translu-
minal delivery and expandable to contact the anatomi-
cal annulus of the native valve when the assembly is
properly positioned, said valve support supporting the
base and the commissure points of the valve; and
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an anchor for engaging the lumen wall when expanded in
place for preventing substantial migration of the valve
assembly after deployment.

2. The valve assembly of claim 1, wherein the leaflets are
made of natural tissue.

3. The valve assembly of claim 1, wherein the leaflets are
made of synthetic material.

4. The valve assembly of claim 1, wherein the valve
support and anchor are self-expanding

5. The valve assembly of claim 4, wherein the configu-
ration and radial force of the valve support substantially
preclude any portion of the native valve that remains from
obstructing effective placement of said assembly.

6. The valve assembly of claim 1, wherein the valve
support comprises a single length of wire.

7. The valve assembly of claim 1, wherein the anchor is
configured to exert sufficient radial forces against the lumen
wall to prevent substantial migration.

8. The valve assembly of claim 1 further comprising a
second anchor.

9. The valve assembly of claim 1 wherein the anchor is
flared to conform to the local anatomy.

10. The valve assembly of claim 1 further comprising a
delivery catheter having a distally positioned sheath to house
the valve assembly in a collapsed position for transluminal
delivery and deployment of the valve assembly where
desired.

11. The valve assembly of claim 10, further comprises at
least one hook for engaging a portion of the valve support
for controlled release of said support.

12. The valve assembly of claim 1 wherein the anchor is
spaced from the valve support.
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13. A method of replacing a deficient native valve com-
prising the steps of:

providing a prosthetic valve assembly, the assembly com-
prising a valve, a valve support permitting attachment
thereto of the base and the commissures of the valve,
and an anchor for engaging the lumen wall when
expanded for preventing substantial migration of the
valve assembly when positioned in place;

collapsing the valve support and anchor to fit within a
distally positioned sheath on a catheter;

advancing the catheter to the deficient native valve;
deploying the valve assembly; and

withdrawing the catheter, leaving the valve assembly to

function in place of the deficient native valve.

14. The method of claim 13, wherein the valve support
and anchor are self-expanding.

15. The method of claim 13 further comprising the step of
hooking a portion of the valve support to the catheter.

16. The method of claim 13, further comprising the step
of excising the native valve.

17. The method of claim 13, wherein the excising step
comprises using the same catheter used to deploy the valve
assembly.

18. The method of claim 13, wherein the anchor is spaced
from the valve support.
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