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PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE

DEVICE AND METHOD OF MAKING SAME

CONTINUITY INFORMATION

[0001] The present application is a continuation application of U.S. Patent Application
No. 10/887,688 filed on July 10, 2004, now U.S. Patent No. 8,308,797, which is a continuation-
in-part application of U.S. Patent Application No. 10/037,266, filed on January 4, 2002 (now
abandoned). Both applications of which are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

The present invention is in the field of heart valve replacement. More specifically, the
present invention is directed to a method of making a percutancously implantable replacement
heart valve.

[0003] 2. Description of Related Art

There have been numerous efforts in the field of heart valve replacement to improve both
the durability and effectiveness of replacement heart valves as well as the ease of implantation.
A brief description of heart valves and heart function follows to provide relevant background for
the present invention.

[0004] There are four valves in the heart that serve to direct the flow of blood through the
two sides of the heart in a forward direction. On the left (systemic) side of the heart are: 1) the
mitral valve, located between the left atrium and the left ventricle, and 2) the aortic valve,
located between the left ventricle and the aorta. These two valves direct oxygenated blood

coming from the lungs through the left side of the heart into the aorta for distribution to the body.

DN1 31005v1 11/13/12
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On the right (pulmonary) side of the heart are: 1) the tricuspid valve, located between the right
atrium and the right ventricle, and 2) the pulmonary valve, located between the right ventricle
and the pulmonary artery. These two valves direct de-oxygenated blood coming from the body
through the right side of the heart into the pulmonary artery for distribution to the lungs, where it
again becomes re-oxygenated to begin the circuit anew.

[0005] Heart valves are passive structures that simply open and close in response to
differential pressures on either side of the particular valve. They consist of moveable “leaflets”
that are designed simply to open and close in response to differential pressures on either side of
the valve's leaflets. The mitral valve has two leaflets and the tricuspid valve has three. The
aortic and pulmonary valves are referred to as “semilunar valves” because of the unique
appearance of their leaflets, which are more aptly termed “cusps” and are shaped somewhat like
a half-moon. The aortic and pulmonary valves each have three cusps.

[0006] In general, the components of heart valves include the valve annulus, which will
remain as a roughly circular open ring after the leaflets of a discased or damaged valve have
been removed; leaflets or cusps; papillary muscles which are attached at their bases to the
interior surface of the left or right ventricular wall; and multiple chordae tendineae, which couple
the valve leaflets or cusps to the papillary muscles. There is no one-to-one chordal connection
between the leaflets and the papillary muscles; instead, numerous chordae are present, and
chordae from each papillary muscle attach to both of the valve leaflets.

[0007] When the left ventricular wall relaxes so that the ventricular chamber enlarges and
draws in blood, the leaflets of the mitral valve separate and the valve opens. Oxygenated blood
flows in a downward direction through the valve, to fill the expanding ventricular cavity. Once

the left ventricular cavity has filled, the left ventricle contracts, causing a rapid rise in the left
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ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens,
allowing the oxygenated blood to be ¢jected from the left ventricle into the aorta. The chordae
tendineae of the mitral valve prevent the mitral leaflets from prolapsing back into the left atrium
when the left ventricular chamber contracts.

[0008] The three leaflets, chordae tendineae, and papillary muscles of the tricuspid valve
function in a similar manner, in response to the filling of the right ventricle and its subsequent
contraction. The cusps of the aortic valve also respond passively to pressure differentials
between the left ventricle and the aorta. When the left ventricle contracts, the aortic valve cusps
open to allow the flow of oxygenated blood from the left ventricle into the aorta. When the left
ventricle relaxes, the aortic valve cusps reapproximate to prevent the blood which has entered the
aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps
respond passively in the same manner in response to relaxation and contraction of the right
ventricle in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for
re-oxygenation. Neither of these semilunar valves has associated chordae tendineae or papillary
muscles.

[0009] Problems that can develop with heart valves consist of stenosis, in which a valve
does not open properly, and/or insufficiency, also called regurgitation, in which a valve does not
close properly. In addition to stenosis and insufficiency of heart valves, heart valves may need to
be surgically repaired or replaced due to certain types of bacterial or fungal infections in which
the valve may continue to function normally, but nevertheless harbors an overgrowth of bacteria
(vegetation) on the leaflets of the valve that may embolize and lodge downstream in a vital
artery. If such vegetations are on the valves of the left side (i.c., the systemic circulation side) of

the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected
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body organ and immediate malfunction of that organ. The organ most commonly affected by
such embolization is the brain, in which case the patient suffers a stroke. Thus, surgical
replacement of either the mitral or aortic valve (left-sided heart valves) may be necessary for this
problem even though neither stenosis nor insufficiency of either valve is present. Likewise,
bacterial or fungal vegetations on the tricuspid valve may embolize to the lungs resulting in a
lung abscess and therefore, may require replacement of the tricuspid valve even though no
tricuspid valve stenosis or insufficiency is present.

[0010] These problems are treated by surgical repair of valves, although often the valves
are too diseased to repair and must be replaced. If a heart valve must be replaced, there are
currently several options available, and the choice of a particular type of artificial valve depends
on factors such as the location of the valve, the age and other specifics of the patient, and the
surgeon’s experiences and preferences. Currently in the United States over 100,000 defective
heart valves are replaced annually, at an approximate cost of $30-50,000 per procedure, and thus
it would be desirable if heart valves could be replaced using minimally invasive techniques and
without having to repeat the procedure within a matter of years due to the lack of durability of
the replacement heart valve. It would be especially advantageous if a defective heart valve could
be removed via an endovascular procedure, that is, a procedure where the invasion into the body
is through a blood vessel such as the femoral artery. The procedure is then carried out
percutancously and transluminally using the vascular system to convey appropriate devices to the
position in the body wherein it is desired to carry out the desired procedure. An example of such
a procedure would be angioplasty, wherein a catheter carrying a small balloon at its distal end is

manipulated through the body's vessels to a point where there is a blockage in a vessel. The
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balloon is expanded to create an opening in the blockage, and then the balloon is deflated and the
catheter and balloon are removed from the vessel.

[0011] Endovascular procedures have substantial benefits both from the standpoint of
health and safety as well as cost. Such procedures require minimal invasion of the human body,
and there is consequently considerable reduction and in some instances even elimination, of the
use of a general anesthesia and much shorter hospital stays.

[0012] Replacement heart valves can be categorized as either artificial mechanical
valves, transplanted valves and tissue valves. Replacement heart valves are designed to optimize
hemodynamic performance, thrombogenicity and durability. Another factor taken into
consideration is the relative ease of surgical implantation.

[0013] Mechanical valves are typically constructed from nonbiological materials such as
plastics, metals and other artificial materials which, while durable, are expensive and prone to
blood clotting which increases the risk of an embolism. Anticoagulants taken to help against
blood clotting can further complicate the patient's health due to increased risks for hemorrhages.

[0014] Transplanted valves are natural valves taken from cadavers. These valves are
typically removed and frozen in liquid nitrogen, and are stored for later use. They are typically
fixed in glutaraldehyde to eliminate antigenicity and are sutured in place, typically with a stent.

[0015] Artificial tissue valves are valves constructed from animal tissue, such as bovine
or porcine tissue. Efforts have also been made at using tissue from the patient for which the
valve will be constructed.

[0016] Most tissue valves are constructed by sewing the leaflets of pig aortic valves to a
stent to hold the leaflets in proper position, or by constructing valve leaflets from the pericardial

sac of cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically
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treated to alleviate any antigenicity. The pericardium is a membrane that surrounds the heart and
isolates it from the rest of the chest wall structures. The pericardium is a thin and very slippery,
which makes it difficult for suturing in a millimetricly precise way. The method of making the
replacement heart valve of the present invention solves this problem through a process that
includes drying and compressing the pericardium using photo-mechanical compression in such a
way that makes it possible to handle and fold the material more easily.

[0017] For example, one prior replacement heart valve requires each sculpted leaflet to
be trimmed in a way that forms an extended flap, which becomes a relatively narrow strand of
tissue near its tip. The tip of each pericardial tissue strand is sutured directly to a papillary
muscle, causing the strand to mimic a chordae tendineae. Each strand extends from the center of
a leaflet in the valve, and each strand is sutured directly to either an anterior and posterior
papillary muscle. This requires each leaflet to be positioned directly over a papillary muscle.
This effectively rotates the leaflets of the valve about 90 degrees as compared to the leaflets of a
native valve. The line of commissure between the leaflets, when they are pressed together during
systole, will bisect (at a perpendicular angle) an imaginary line that crosses the peaks of the two
papillary muscles, instead of lying roughly along that line as occurs in a native valve.

[0018] A different approach to creating artificial tissue valves is described in U.S. Pat.
No. 5,163,955 to Calvin, et al. and U.S. Pat. Nos. 5,571,174 and 5,653,749 to Love. Using a
cutting die, the pericardial tissue is cut into a carefully defined geometric shape, treated with
glutaraldehyde, then clamped in a sandwich-fashion between two stent components. This creates
a tri-leaflet valve that resembles an aortic or pulmonary valve, having semilunar-type cusps

rather than atrioventricular-type leaflets.
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[0019] U.S. Pat. No. 3,671,979 to Moulopoulos describes an endovascularly inserted
conical shaped umbrella-like valve positioned and held in place by an elongated mounting
catheter at a supra-annular site to the aortic valve in a nearby arterial vessel. The conical end
points toward the malfunctioning aortic valve and the umbrella’s distal ends open up against the
aorta wall with reverse blood flow, thereby preventing regurgitation.

[0020] U.S. Pat. No. 4,056,854 to Boretos describes an endovascularly inserted, catheter
mounted, supra-annular valve in which the circular frame abuts the wall of the artery and
attached flaps of flexible membrane extend distally in the vasculature. The flaps lic against the
artery wall during forward flow, and close inward towards the central catheter to prevent
regurgitation during reverse blood flow. The Boretos valve was designed to be positioned
against the artery wall during forward flow, as compared to the mid-center position of the
Moulopoulos valve, to reduce the stagnation of blood flow and consequent thrombus and
embolic formation expected from a valve at mid-center position.

[0021] The main advantage of tissue valves is that they do not cause blood clots to form
as readily as do the mechanical valves, and therefore, they do not absolutely require systemic
anticoagulation. The major disadvantage of tissue valves is that they lack the long-term
durability of mechanical valves. Tissue valves have a significant failure rate, usually within ten
years following implantation. One cause of these failures is believed to be the chemical
treatment of the animal tissue that prevents it from being antigenic to the patient. In addition, the
presence of extensive suturing prevents the artificial tissue valve from being anatomically
accurate in comparison to a normal heart valve, even in the aortic valve position.

[0022] A shortcoming of prior artificial tissue valves has been the inability to effectively

simulate the exact anatomy of a native heart valve. Although transplanted human or porcine
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aortic valves have the gross appearance of native aortic valves, the fixation process (freezing
with liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of
the valve tissue. Porcine and bovine pericardial valves not only require chemical preparation
(usually involving fixation with glutaraldehyde), but the leaflets must be sutured to cloth-covered
stents in order to hold the leaflets in position for proper opening and closing of the valve.
Additionally, the leaflets of most such tissue valves are constructed by cutting or suturing the
tissue material, resulting in leaflets that do not duplicate the form and function of a real valve and
are more susceptible to failure.
SUMMARY OF THE INVENTION

[0023] The present invention is a replacement heart valve device and method of making
same. The replacement heart valve device, in a preferred embodiment, comprises a stent made
of stainless steel or self-expanding nitinol and a completely newly designed artificial biological
tissue valve disposed within the inner space of the stent. The cusp or leaflet portion of the valve
means is formed by folding of the pericardium material preferably used to create the valve
without cutting of slits to form leaflets or suturing or otherwise affixing of separate leaflet
portions. Other forms of tissue and suitable synthetic materials can also be used for the valve,
formed in a sheet of starting material. The folded design provides a number of advantages over
prior designs, including improved resistance to tearing at suture lines. The cusps/leaflets open in
response to blood flow in one direction and close in response to blood flow in the opposite
direction. Preferably the tubular portion of the valve means contains the same number of cusps
as the native valve being replaced, in substantially the same size and configuration. The outer

surface of the valve means is attached to the stent member.
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[0024] The replacement heart valve device is preferably implanted using a delivery
system having a central part which consists of a flexible hollow tube catheter that allows a
metallic guide wire to be advanced inside it. The stented valve is collapsed over the central tube
and it is covered by a movable sheath. The sheath keeps the stented valve in the collapsed
position. Once the cover sheath is moved backwards, the stented valve can be deployed. The
endovascular stented-valve, in a preferred embodiment, is a glutaraldehyde fixed mammal
pericardium or synthetic biocompatible material which has two or three cusps that open distally
to permit unidirectional blood flow. The stent can cither be self-expanding or the stent can be
expandable through use of a balloon catheter.

[0025] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the pericardium starting material is isolated and all the
fat tissue and extra fibers are removed. The biological membrane material is cleaned by
mechanical separation of unwanted layers using hydromechanical force means. Once the
pericardium is completely clean, the material is dried in order to make it easier to handle and
fold. Preferably, this drying is done by exposing the biocompatible membrane material to photo-
mechanical compression to remove all lipids from the pericardium or other biocompatible
membrane material and to cause protein denaturalization, transforming the material into a
stronger and more homogencous surface. The valve is formed by taking a flat sheet of the
material and folding in such a way that forms a three-leaflet or other number of leaflet valve.
Then it is placed in a sequence of solutions, one of isopropyl alcohol of about 70-100%, one of
ethanol of about 70-100%, one of glycerol and one of glutaraldehyde, preferably at a
concentration of about 0.07-25% for approximately 36 hours. The material is dried in order to

make it easier to handle and fold. Preferably this drying is done by exposing the biocompatible
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membrane material to light and then mechanically compressing the material to cause protein
denaturation. This results in material that is stronger and more homogeneous. The valve is
formed by taking a flat sheet of bovine or procine pericardium and folding it in such a way that
forms a three-leaflet valve. The valve can also be made in the same manner from fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts or synthetic non-biological, non-
thrombogenic material. The folding of the pericardium material to create the cusps or leaflets
reduces the extent of suturing otherwise required, and resembles the natural form and function of
the valve leaflets. The cleaning, pressing and drying technique used to create the valve material
makes the folding more practicable. The valve is rehydrated after being formed. The method of
the present invention also greatly reduces the risk of tearing of the cusps or leaflets, since they
are formed by folding a single uncut portion of material forming the valve rather than being
attached by suturing.

[0026] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The replacement heart valve device of the present invention can be
used in any patient where bioprosthetic valves are indicated, namely elderly patients with cardiac
valve diseases, and patients unable to tolerate open heart procedures or life-long anticoagulation
medication and treatment. The present invention can be practiced in applications with respect to

each of the heart's valves.

10
DN1 31005v1 11/13/12

Edwards Lifesciences Corporation, et al. Exhibit 1017, p. 27 of 2319



BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment with the valve in the closed position.

[0028] FIG. 2 depicts the folds which form the leaflets or cusps of the replacement heart
valve of the present invention in one embodiment.

[0029] FIGS. 3A and 3B depict a preferred procedure for folding the pericardium tissue
starting material to create the replacement heart valve of the present invention.

[0030] FIG. 4 depicts a side perspective view of the replacement heart valve device of
the present invention in one embodiment represented as if implanted within an artery.

[0031] FIG. 5 depicts a side view of one embodiment of the replacement heart valve
device of the present invention mounted within a self-expanding stent, with the stent in the
expanded position.

[0032] FIG. 6 depicts a side perspective view of one embodiment of the replacement
heart valve device of the present invention mounted within a self-expanding stent in the
collapsed position.

[0033] FIG. 7 depicts the suture points of one embodiment of the replacement heart valve
device of the present invention.

[0034] FIG. 8 depicts the implantation/delivery system used with the present invention in
a preferred embodiment.

[0035] FIGS. 9A, 9B and 9C depict a representation of a sheet of biocompatible valve

material showing preferred folds.
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DESCRIPTION OF A PREFERRED EMBODIMENT

[0036] The present invention comprises a percutancously implantable replacement heart
valve and a method for making same. The artificial heart valve device of the present invention is
capable of exhibiting a variable diameter between a compressed or collapsed position and an
expanded position. A preferred embodiment of the replacement heart valve device according to
the present invention is set forth in FIG. 5. The replacement heart valve device comprises a stent
member 100 and a flexible valve means 200. The stent member 100 is preferably self-
expanding, although balloon-expandable stents can be used as well, and has a first polygonal
shape in its compressed or collapsed configuration and a second, larger polygonal shape in its
expanded configuration. Referring to FIG. 1, the valve means 200 comprises a generally tubular
portion 210 and, preferably, a peripheral upstanding cusp or leaflet portion 220. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed on
valve means 200 substantially parallel to the walls of the stent member similar to a cuff on a
shirt. The cusp or leaflet portion 220 of the valve means 200 is generally tubular in shape and
comprises three leaflets 221, 222 and 223 as shown, although it is understood that there could be
from two to four leaflets. The tubular portion of the valve means 200 is attached to the stent
member 100 by a plurality of sutures 300, as depicted in FIG. 7.

[0037] The leaflet portion 220 of the valve means 200 extends across or transverse of the
cylindrical stent 100. The leaflets 221, 222 and 223 are the actual valve and allow for one-way

flow of blood. The leaflet portion 220 as connected to the rest of the valve resembles the cuff of
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a shirt. FIG. 9 depicts the folds preferred for valve cusp and leaflet formation involving three
leaflets. The configuration of the stent member 100 and the flexible, resilient material of
construction allows the valve to collapse into a relatively small cylinder as seen in FIG. 6. The
replacement heart valve will not stay in its collapsed configuration without being restrained.
Once the restraint is removed, the self-expanding stent member 100 will cause the artificial heart
valve to take its expanded configuration, as seen in FIG. 5.

Stent Member

[0038] The stent member 100 preferably comprises a self-expanding nickel-titanium
alloy stent, also called “nitinol,” in a sine wave-like configuration as shown in FIG. 5. An
enlarged view of a preferred embodiment of the stent member for use in the replacement heart
valve of the invention is depicted in FIG. 5. The stent member 100 includes a length of wire 110
formed in a closed zigzag configuration. The wire can be a single piece, stamped or extruded, or
it could be formed by welding the free ends together. The straight sections of the stent member
100 are joined by bends. The stent is readily compressible to a small cylindrical shape as
depicted in FIGS. 6 and 8, and resiliently self-expandable to the shape shown in FIG. 5.

[0039] The stent member 100 of the artificial heart valve device of the present invention
may be made from various metal alloys, titanium, titanium alloy, nitinol, stainless steel, or other
resilient, flexible non-toxic, non-thrombogenic, physiologically acceptable and biocompatible
materials. The configuration may be the zigzag configuration shown or a sine wave
configuration, mesh configuration or a similar configuration which will allow the stent to be
readily collapsible and self-expandable. When a zigzag or sine wave configured stent member is
used, the diameter of the wire from which the stent is made is preferably from about 0.010 to

0.035 inches and still, preferably from about 0.012 to 0.025 inches. The diameter of the stent
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member will be from about 1.5 to 3.5 cm, preferably from about 1.75 to 3.00 cm, and the length
of the stent member will be from about 1.0 to 10 cm, preferably from about 1.1 to 5 cm.

[0040] The stent used in a preferred embodiment of the present invention is fabricated
from a “shaped memory” alloy, nitinol, which is composed of nickel and titanium. Nitinol wire
is first fashioned into the desired shape for the device and then the device is heat annealed. A
meshwork of nitinol wire of approximately 0.008 inch gauge is formed into a tubular structure
with a minimum central diameter of 20 min to make the stent. Away from its central portion, the
tubular structure flares markedly at both ends in a trumpet-like configuration. The maximum
diameter of the flared ends of the stent is approximately 50 mm. The purpose of the stent is to
maintain a semi-rigid patent channel through the disecased cardiac valve following its
implantation.

[0041] When the components of the replacement heart valve device are exposed to cold
temperatures, they become very flexible and supple, allowing them to be compressed down and
pass easily through the delivery sheath. A cold temperature is maintained within the sheath
during delivery to the deployment site by constantly infusing the sheath with an iced saline
solution. Once the valve components are exposed to body temperature at the end of the sheath,
they instantaneously reassume their predetermined shapes, thus allowing them to function as
designed.

[0042] Preferably the stent member 100 carries a plurality of barbs extending outwardly
from the outside surface of the stent member for fixing the heart valve device in a desired
position. More preferably the barbs are disposed in two spaced-apart, circular configurations
with the barbs in one circle extending in an upstream direction and the barbs in the other circle

extending in a downstream direction. It is especially preferable that the barbs on the inflow side
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of the valve point in the direction of flow and the barbs on the outflow side point in the direction
opposite to flow. It is preferred that the stent be formed of titanium alloy wire or other flexible,
relatively rigid, physiologically acceptable material arranged in a closed zigzag configuration so
that the stent member will readily collapse and expand as pressure is applied and released,
respectively.

Valve Means

[0043] The valve means 200 is flexible, compressible, host-compatible, and non-
thrombogenic. The valve means 200 can be made from various materials, for example, fresh,
cryopreserved or glutaraldehyde fixed allografts or xenografts. Synthetic biocompatible
materials such as polytetrafluoroethylene, polyester, polyurethane, nitinol or other alloy/metal
foil sheet material and the like may be used. The preferred material for the valve means 200 is
mammal pericardium tissue, particularly juvenile-age animal pericardium tissue. The valve
means 200 is disposed within the cylindrical stent member 100 with the tubular portion 210
transverse of and at some acute angle relative to the stent walls. The diameter of the tubular
portion 210 is substantially the same as the inside diameter of the stent member 100 in its initial
expanded configuration. The peripheral upstanding cusp or leaflet portion 220 is disposed
substantially parallel to the walls of the stent member 100 similar to a cuff on a shirt.

[0044] The cusp or leaflet portion 220 of the valve means 200 is formed by folding of the
pericardium material used to create the valve. FIGS. 3A and 3B depict the way the sheet of heart
valve starting material is folded. The starting material is preferably a flat dry sheet, which can be
rectangular or other shaped. The cusps/leaflets 221, 222 and 223 open in response to blood flow
in one direction and close in response to blood flow in the opposite direction. Preferably the

cusp or leaflet portion 220 of the valve means 200 contains the same number of cusps as the
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native valve being replaced, in substantially the same size and configuration. FIGS. 9A-9C
depict a preferred configuration for folds to create the leaflets/cusps. The leaflet forming portion
is a single, continuous, uncut layer affixed to the interior of the cuff layer to form the
leaflets/cusps, unlike prior efforts that have involved suturing of three separate leaflet/cusp
portions onto the main valve body portion. The leaflets are formed from the free edge of the
material after forming the cuff portion. Referring now to FIGS. 9-A, 9B, and 9C, with flat sheet
on a table, a person facing the sheet would create a cuff at the upper border of sheet by folding
the horizontal top edge away/downwardly (fold no. 1). The leaflet portion is formed by folding
the sheet's lower half towards the folder/upwardly, as shown in FIG. 9A (fold no. 2). The sheet,
now with the upper cuff and bottom inward fold, is folded inwardly at two preferably equidistant
vertical points as shown in FIG. 9B to create the leaflet/cusp portion (folds nos. 3 and 4). The
leaflets/cusps are formed by folding fold nos. 6, 7 and 8 after the two opposite vertical edges of
sheet are joined to create a cylindrical valve shape, depicted in FIGS. 1 and 3B. The inner leaflet
layer is preferably attached to the outer cuff layer by curved or straight continuous suturing.
Although a preferred embodiment of the invention comprises a single piece of valve material
folded to create the valve body and a leaflet-forming portion that has no cuts or sutures, the
inventors have discovered that as long as the leaflet portion of the valve itself is formed from a
single piece of biocompatible valve material, the other portions of the valve can be formed by
suturing of one or more separate pieces of material without losing the novel and improved
qualities of the present invention. This allows for the valve to be made even stronger, more
durable and easier to make. This alternate embodiment comprises a leaflet forming layer made
of a single piece of valve material attached to a separate piece forming the valve body having a

folded cuff portion. The single piece leaflet forming layer is preferably cylindrical in shape and
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can be formed with or without folding. In this embodiment the single piece leaflet layer can itself
be attached to the stent with or without a cylindrical cuff portion. Attachment is preferably by
suturing, particularly continuous single or double sutures.
Method of Making Replacement Heart Valve Device

[0045] The present invention also comprises a method of making a replacement heart
valve device. In order to make the valve, the biocompatible tissue material is isolated and all the
fat tissue and extra fibers are removed. Cleaning is preferably accomplished by using a
hydromechanical force-based cleaning device to separate tissue layers and hydration with
distilled water to remove unwanted layers. Once the pericardium is completely clean, it is
subjected to photo-mechanical compression, then the valve is formed and placed in sequential
solutions of isopropyl alcohol of about 70-100%, cthanol of about 70-100% glycerol and
glutaraldehyde preferably at a concentration of about 0.07-25% for about 36 hours, respectively.
The material is preferably photomechanically compressed to remove lipids and produce protein
coagulation to make the surface smoother and more compact and biocompatible, decreasing the
molecular distance of collagen fibers. The exposure to light and mechanical compression cause
protein denaturation making the material stronger and more homogenecous and biocompatible.
Gas sterilization can also be used to sterilize the tissue membrane material. The valve is formed
by taking a flat sheet of the material and folding it in such a way that forms a three-leaflet or
desired number of leaflet valve as shown in FIGS. 3A and 3B and/or FIGS. 9A, 9B and 9C. The
folding of the pericardium material to create the cusps or leaflets reduces the extent of suturing
otherwise required, and resembles the natural form and function of the valve leaflets. It also
greatly reduces the risk of tearing of the cusps or leaflets, since they are integral to the valve

rather than being attached by suturing.
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[0046] In a preferred embodiment, the single continuous piece of membrane is folded
inward to form an inner leaflet layer within the outer cuff. The single leaflet layer is then
attached to the cuff layer to form valve cusps in one of three preferred ways: (i) by curved or
straight continuous single or double sutures that affix and form the bases or recesses of the valve
cusps; (ii) by lengthwise suture lines attaching the leaflet layer to the cuff layer with the bases or
recesses of the valve cusps being thus formed of the folded edge of the membrane; (iii) by
further folding of the membrane into lengthwise pleats secured by lengthwise suture attaching
the leaflet layer to the cuff layer with the bases or recesses of the valve cusps being thus formed
of the folded edge of the membrane, done for the purpose of giving greater strength and
durability to the attachment points of the leaflet layer.

[0047] In order to make the pericardium material less slippery and easier to fold, the
pericardium is dried, preferably with artificial light using a multi-watt lamp with the pericardium
or other biocompatible membrane material placed in a flat aluminum surface to dry it
homogeneously. A photomechanical drying machine can also be used. The final result is a
homogencous tissue that looks like plastic paper and makes it easy to manipulate to fold and
suture the valve. Once the valve is formed, it is re-hydrated by placing it in a solution of water
and 70% alcohol. In approximately 3 days the valve is fully rehydrated. The suturing of
membrane layers to form the valve is done with single, double, or more continuous suture
material. This form of suturing has great advantages for durability and avoidance of damage to
the membrane and can be performed by sewing machines. The attachment points of the leaflet
layer to the cuff layer may be reinforced by folding an additional layer of membrane over the
attachment point before suturing, this layer being formed of a projected tab of the continuous

piece of leaflet membrane. The free edge of the leaflet layer may be straight or curved, and this
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free edge forming the free edges of the individual leaflets may be contoured in parabolic or
curved shape.
Attachment of the Valve Means to the Stent Member

[0048] The valve means 200 is then attached to the inner channel of the stent member
100 by suturing the outer surface of the valve means' pericardium material to the stent member.
FIG. 7 depicts preferred suture points of one embodiment of the present invention: 3-point
fixation or 6-point fixation at cach border of the stent. Other fixation schemes can be utilized,
such as, by way of non-limiting example, fixation on both borders 18 points at cach end
following a single plane and 36 fixation points following to adjacent vertical planes. The use of
only one plane of fixation points helps prevent systolic collapse of the proximal edge of the valve
means. A fold on the border of the pericardium material prevents tearing. The attachment
position of the valve is preferably closer to the proximal and wider part of the stent.

[0049] The sequence of steps can vary. The pericardium material can be fixed in
glutaraldehyde before attachment to the stent or the valve can be formed and then fixed with
glutaraldehyde after mounting it in the stent. One observation noted is that the material becomes
whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps coapted while
fixing them in glutaraldehyde. The use of metallic clips to keep both cusps adjacent to each
other after 24 hours of fixation in glutaraldehyde helps to educate the material and make the
primary position of the valve cusps adjacent to each other. After the clips are removed, there are
no lesions to the valve.

[0050] Different suture materials can be used, including, in a preferred embodiment,

Prolene 1-0 to 8-0 and Mersilene 1-0 to 8-0 which is a braided suture.
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Implantation of Replacement Heart Valve Device

[0051] The replacement heart valve device of the present invention is preferably used in
surgical procedures involving the percutancous and transluminal removal of the diseased or
defective heart valve and the percutancous and transluminal implantation of the new heart valve
described above. The defective heart valve is removed by a suitable modality, such as, for
example, laser, ultrasound, mechanical, or other suitable forms of delivery of energy, or
phacoemulsion, including, but not limited to, laser lithotripsy, mechanical lithotripsy,
electrohydraulic lithotripsy, and laser or mechanical ablation. To remove the native heart valve
that is being replaced, a guidewire is inserted percutancously and transluminally using standard
vascular or angiography techniques. The distal end of the guidewire is manipulated to extend
through and across the defective heart valve. Then a catheter is advanced distally through the
femoral artery to a point proximal to the defective heart valve, between the origin of the coronary
artery and the origin of the right subclavian artery. The position of the distal end of catheter can
be monitored by observation of radiopaque markers. Collector member is preferably inflated and
occludes the aorta at a point between the origin of the coronary artery and the right subclavian
artery. Next, a balloon and cutting tool are advanced through the catheter so that the cutting tool
and uninflated balloon are distal to the defective heart valve. Optionally an additional step, such
as balloon dilatation or atherectomy, may be required to provide a passageway through the heart
valve. A catheter is also placed into the coronary sinus via a transjugular puncture. This catheter
is used for infusion of blood or cardioplegia solution during the portion of the procedure when
the aorta is occluded. The absence of valves in the cardiac venous system allows retrograde flow
so that there will be an effluence of fluid from the coronary arteries. This flow of fluid is desired

to prevent embolization of material into the coronary arteries during the procedure. Once the
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cutting tool is in place, the balloon is inflated and flexible shaft is rotated. Once the cutting tool
has reached the appropriate rotation speed, the cutting tool is pulled proximally to remove the
defective heart valve. The balloon and the cutting tool are spaced apart so that the inflated
balloon will be stopped by the perimeter, unremoved portion of the defective heart valve, which
will signal the physician that the valve has been removed, as well as protect the heart and aorta
from damage from the valve removal device. Once it is determined that the defective heart valve
has been removed, the cutting tool is slowed or stopped altogether and the balloon is deflated.
The cutting tool and the deflated balloon are pulled proximally through catheter. Then, a
catheter containing an artificial heart valve is inserted and the artificial heart valve is placed as
described above.

[0052] The delivery and implantation system of the replacement artificial heart valve of
the present invention percutancously and transluminally includes a flexible catheter 400 which
may be inserted into a vessel of the patient and moved within that vessel as depicted in FIG. 8.
The distal end 410 of the catheter 400, which is hollow and carries the replacement heart valve
device of the present invention in its collapsed configuration, is guided to a site where it is
desired to implant the replacement heart valve. The catheter has a pusher member 420 disposed
within the catheter lumen 430 and extending from the proximal end 440 of the catheter to the
hollow section at the distal end 410 of the catheter. Once the distal end 410 of the catheter is
positioned as desired, the pusher mechanism 420 is activated and the distal portion of the
replacement heart valve device is pushed out of the catheter and the stent member 100 partially
expands. In this position the stent member 100 is restrained so that it doesn't pop out and is held
for controlled release, with the potential that the replacement heart valve device can be recovered

if there is a problem with the positioning. The catheter 400 is then retracted slightly and the
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replacement heart valve device is completely pushed out of the catheter 400 and released from
the catheter to allow the stent member 100 to fully expand. If the stent member 100 preferably
includes two circles of barbs on its outer surface as previously described, the first push and
retraction will set one circle of barbs in adjacent tissue and the second push and release of the
replacement heart valve device will set the other circle of barbs in adjacent tissue and securely
fix the replacement heart valve device in place when the device is released from the catheter.
[0053] Alternatively, or in combination with the above, the replacement heart valve
device could be positioned over a metallic guidewire that is advanced through the catheter. The
replacement heart valve device of the present invention is preferably implanted percutaneously
through an aortic passageway to, or near to, the location from which the natural heart valve has
been removed. Referring to FIG. &, the implantation system comprises a flexible hollow tube
catheter 410 with a metallic guide wire 450 disposed within it. The stented valve device is
collapsed over the tube and is covered by a moveable sheath 460. The moveable sheath 460
maintains the stented valve device in the collapsed position. The implantation method comprises
the following steps: inserting the replacement heart valve device in the lumen of a central blood
vessel via entry through the brachial or femoral artery using a needle or exposing the artery
surgically; placing a guide wire 450 through the entry vessel and advancing it to the desired
position; advancing dilators over the wire to increase the lumen of the entry site, thereby
preparing the artery to receive the heart-valve; and advancing the heart-valve device to the
desired place. The stented-valve device is released by pulling the cover sheath 460 of the
delivery system allowing the self-expanding stent to achieve its full expansion. A balloon

expandable stent can alternately be used to deliver the valve to its desired position. At this point,
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a pigtail catheter is advanced over the wire and an aortogram is performed to assess the
competency of the valve.

[0054] Before creation of the valve means and implantation, the patient is studied to
determine the architecture of the patient's heart. Useful techniques include fluoroscopy,
transesophageal echocardiography, MRI, and angiography. The results of this study will enable
the physician to determine the appropriate size for the replacement heart valve.

[0055] In one procedure for implantation of the replacement heart valve device of the
present invention, the femoral artery of the patient is canulated using a Cook needle and a
standard J wire is advanced into the artery either percutancously or after surgical exposure of the
artery. An 8 F introducer is advanced into the femoral artery over the wire. The J wire is then
withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular
access is obtained an aortogram is performed for anatomical evaluation. A special wire
(Lunderquist or Amplatz superstiff) is advanced into the aortic arch and dilators progressively
larger are advanced over the wire, starting with 12 F all the way to 18 F. After this the valve
introducer device containing the prosthetic valve device is then inserted and used to transport the
replacement valve over a guidewire to the desired position. The stented-valve is released by
pulling the cover sheath of the delivery system allowing the self-expanding stent to achieve its
full expansion. At this point, a pigtail catheter is advanced over the wire and repeat aortogram is
performed to assess the competency of the valve.

[0056] When the device is used to treat severe leakage of the aortic valve, the native
valve is left in place and the prosthetic stented valve is deployed below the subclavian artery.

When the device is used to treat aortic stenosis, first the stenotic valve needs to be opened using
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either aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented
valve is placed to prevent the regurgitation.

[0057] Intravascular ultrasound or an angioscope passed intravascularly via either the
venous system through the intra-atrial septum across the mitral valve and into the left ventricle or
retrograde via the femoral artery would provide the added benefit of allowing constant high
definition imaging of the entire procedure and high flow irrigation.

[0058] Once the endovascular implantation of the prosthetic valve device is completed in
the host, the function of the prosthetic valve device can be monitored by the same methods as
used to monitor valve replacements done by open heart surgery. Routine physical examination,
periodic echocardiography or angiography can be performed. In contrast to open heart surgery,
however, the host requires a short recovery period and can return home within one day of the
endovascular procedure. The prosthetic valve device can be used in any patient where
bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and
patients unable to tolerate open heart procedures or life-long anticoagulation. In addition, with
the development of longer-life, flexible, non-thrombogenic synthetic valve alternatives to
bioprosthesis, the prosthetic valve device will be indicated in all patients where the relative
advantages of the life-span, the non-thrombogenic quality, and the ease of insertion of prosthetic
valve devices outweigh the disadvantages of mechanical valves. Anticoagulation may be
beneficial in certain clinical situations for either short or long term use.

[0059] This method of percutancous endovascular heart-valve replacement, in contrast to
open heart surgical procedures, requires only local anesthesia, partial or no cardiac bypass, one
to two days hospitalization, and should result in a reduced mortality rate as compared to open

heart procedures.
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[0060] While the present invention has been shown and described herein in what is
considered to be a preferred embodiment thereof, illustrating the results and advantages over the
prior art obtained through the present invention, the invention is not limited to the specific
embodiments described above. Thus, the forms of the invention shown and described herein are
to be taken as illustrative and other embodiments may be selected without departing from the

spirit and scope of the present invention.
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CLAIMS

What is claimed is:

1. A percutaneously implantable replacement heart valve device comprising an
expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve having
cusps or leaflets formed by folding of a sheet of said biocompatible tissue material without
affixing of separate cusps or leaflets or cutting slits into said material to form said cusps or

leaflets.

2. The percutancously implantable replacement heart valve device of claim 1,
wherein said expandable stent member is made of a metal or alloy of metals selected from the

group consisting of nickel-titanium alloy, titanium and stainless steel.

3. The percutancously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises mammal

pericardium tissue.

4. The percutancously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises porcine pericardium

tissue.
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5. The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve is obtained from a juvenile

animal pericardium.

6. The percutaneously implantable replacement heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises autologous tissue

obtained from the patient into whom said replacement heart valve device will be implanted.

7. The percutancously implantable heart valve device of claim 1, wherein said
biocompatible tissue material of said artificial valve comprises a synthetic biocompatible

material.

8. The percutancously implantable heart valve device of claim 7, wherein said
synthetic biocompatible material is selected from the group consisting of

polytetrafluorocthylene, polyester, metal, metal alloy including combinations thereof.

9. The percutancously implantable heart valve device of claim 1, wherein said stent

member is self-expanding when implanted.

10. The percutancously implantable heart valve device of claim 1, wherein said stent

member is balloon catheter expandable when implanted.
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11. A method of making a percutaneously implantable replacement heart valve device
comprising the following steps:

obtaining a sheet of biocompatible tissue material;

drying said biocompatible tissue material;

folding said dried biocompatible tissue material to create inner cusps or leaflets and an
outer tubular cuff structure without affixing of separate cusps or leaflets or cutting slits into said
material to form said cusps or leaflets;

affixing said folded biocompatible tissue material at one or more points on its outer
surface to the inner cavity of a stent; and

soaking said biocompatible tissue material in one or more alcohol solutions and a

solution of glutaraldehyde.

12. The method of making a percutancously implantable replacement heart valve
device of claim 11, wherein said soaking step comprises soaking said biocompatible tissue
material in a solution of isopropy! alcohol, a solution of ethanol, a solution of glycerol and a

solution of gluteraldehyde.

13.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises bovine pericardium

tissue.
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14.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises porcine pericardium

tissue.

15.  The method of making a percutaneously implantable replacement heart valve
device of claim 11 , wherein said biocompatible tissue material is obtained from a juvenile

animal pericardium.

16.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said biocompatible tissue material comprises autologous tissue

obtained from the patient into whom said replacement heart valve device will be implanted.

17. The percutancously implantable heart valve device of claim 11, wherein said
biocompatible tissue material of said artificial valve comprises a synthetic biocompatible

material.

18. The percutancously implantable heart valve device of claim 17, wherein said
synthetic biocompatible material is selected from the group consisting of

polytetrafluorocthylene, polyester, metal, metal alloy including combinations thereof.

19.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, wherein said stent is made of a metal or alloy of metals selected from the

group consisting of nickel-titanium alloy, titanium and stainless steel.
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20.  The method of making a percutancously implantable replacement heart valve

device of claim 11, wherein said stent is self-expanding when implanted.

21.  The method of making a percutaneously implantable replacement heart valve

device of claim 11, wherein said stent is balloon catheter expandable when implanted.

22.  The method of making a percutaneously implantable replacement heart valve
device of claim 11, further comprising the step of cleaning said biocompatible tissue material

using hydromechanical force means.

23.  The method of making a percutancously implantable replacement heart valve of

claim 11, further comprising the step of compressing said biocompatible tissue material.

24.  The method of making a percutancously implantable replacement heart valve of

claim 11, further comprising the step of gas sterilization of said biocompatible tissue material.

25.  The method of making a percutancously implantable replacement heart valve of
claim 11, wherein said drying step comprises photomechanical compression of said

biocompatible tissue material.
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26.  The method of making a percutancously implantable replacement heart valve of
claim 11, wherein said folding step comprises folding of a first piece of said biocompatible tissue
material to create an outer tubular cuff structure, folding of a second separate piece of
biocompatible tissue material to create inner cusps or leaflets without affixing of separate cusps
or cutting slits into said second separate piece of biocompatible tissue material, and afixing said

second separate piece to said first piece.

27. A percutancously implantable replacement heart valve device comprising an
expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve
comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into
said sheet to form said cusps or leaflets, and an outer tubular cuff structure formed by folding a
second sheet portion of biocompatible tissue material, said first and second sheet portions being

affixed together.

28.  The device of claim 27, wherein said first sheet portion and said second sheet

portions are affixed together by suturing.
29.  The device of claim 28, wherein said suturing is in the form of double continuous

sutures.
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30. A percutancously implantable replacement heart valve device comprising an outer

cylindrical cuff portion and an inner uncut/unslit leaflet layer attached within said outer cuff

portion.

31.  The device of claim 30, wherein said leaflet layer is attached within said outer
cuff portion by suturing.

32.  The device of claim 31, wherein said suturing is in the form of double continuous
sutures.

33. A percutancously implantable replacement heart valve device comprising an

expandable stent member and a flexible, compressible artificial valve made of biocompatible
tissue material and disposed within the inner cavity of said stent member affixed at one or more
points on said artificial valve's outer surface to said stent member, said artificial valve
comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into

said sheet to form said cusps or leaflets.
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ABSTRACT
A method of making a replacement heart valve device whereby a fragment of
biocompatible tissue material is treated and soaked in one or more alcohol solutions and a
solution of glutaraldehyde. The dried biocompatible tissue material is folded and rehydrated in
such a way that forms a two- or three-leaflet/cusp valve without affixing of separate cusps or
leaflets or cutting slits into the biocompatible tissue material to form the cusps or leaflets. After
the biocompatible tissue material is folded, it is affixed at one or more points on the outer surface

to the inner cavity or a stent.
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« Additional claim fees of $ 653 as a small entity, including any required multiple dependent claim fee, are
required. Applicant must submit the additional claim fees or cancel the additional claims for which fees are
due.

« A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or
declaration) as set forth in 37 CFR 1.16(f) of $ 65 for a small entity in compliance with 37 CFR 1.27, must be
submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $ 1251 for a small entity
« $ 98 Statutory basic filing fee.
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« The application search fee has not been paid. Applicant must submit $ 310 to complete the search fee.
« The application examination fee has not been paid. Applicant must submit $ 125 to complete the examination
fee for a small entity in compliance with 37 CFR 1.27.
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« $ 403 for 13 total claims over 20.

Items Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

+ A properly executed inventor's oath or declaration has not been received for the following inventor(s):

All
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and Fee(s)

Due, PTOL-85, is mailed.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/kung/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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HEART VALVE DEVICE AND ) transmitted to the U.S. Patent & Trademark Office by the EFS-
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Typed or printed name of person signing this certificate:
Carol Donahue
Signature: _ / Carol Donahue /

Commissioner for Patents
P.O. Box 1450
Alexandria Virginia 22313-1450

Dear Sir:

In response to the December 12, 2012 Notice to File Missing Parts, in connection with
the above-identified application, small entity application fees, of which the claim fees are in
accordance with a concurrently filed Preliminary Amendment, and a filing surcharge fee are
submitted. A request for a five-month extension of time and requisite small entity fee are also
submitted, bringing the responsive deadline to July 12, 2013. Please charge any over or under-
payment to Deposit Account No. 50-1943.

Respectfully submitted,
FOX ROTHSCHILD LLP
/ Mark L.Yaskanin /
Mark L. Yaskanin
Registration No. 45,246
Customer No. 29880

Phone: (303) 446-3840
Facsimile: (303) 446-3841

Dated: 11 July 2013
ACTIVE 21723866
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LA (U612}

Agpraved for use through 01/31/2014, OMB U851-0052

U.S. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERGE

Lincer the Papenaork Reduction Act of 1895, no persons are required to sespond 1o a collectian of information untess it displays a valid OMB contral number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.78)

T PeroUane0oLSly IMplantable Heplacement

Title of | Same
inventiorn §

As the below named inventar, | hereby declare that:

This declaration " ;
is directed to: D The attached application, ar

N . 13/675,665
United States application or PCT international application number .
November 138, 2012

filed on N

} The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not niore than five (5) years, or both.

WARNING:

Petitionar/applicant is cautioned to avaoid submitling personal information in documents filed in a patent application that may ‘
contobute to identify theft. Personal information such as sodial security numbars, bank account numbers, or credit card numbers
{other than a check or credit card autherization form PTO-2038 submitted for payment purposes) is never required by the USPTQ
fa suppart & petition or an application. fthis type of personal information is included in documents submitiad o the USPTO.
petiionersiapplicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petiioner/applicant is advised that the record of a patent application is available to the public afier publication of the
application {(Unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may alsa be availabie to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorizatian farms
FT(-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available,

LEGAL NAME OF INVENTOR
R. David FISH  ~
inventor:

S'rgnat&;re: ?ﬁ}% //1 f} }

Nate: An application data sheet (PTOISB/14 or equivalent), including naming the entire inventive entity, must gccompany his foma or must have
tieea previously filed. Use an additional PTQ/AIA/Q1 form for sach additianal inveator.

Date (Optional)

This calfecton of information is required by 25 U.S.C. 115 and 87 CFR 1.63. The information is regquired fo obtain ar retain 2 benefit by the public which is o e {snd
by the USPTQ to process) an application, Confidentiality is govermed by 35 U.S.0. 122 and 37 CFR 1 11 and 1.14. This colieclian is estimated o take 1 minuie o
eompiete, including gathering, preparing, and subwiting the completed appfication form to the USPTO: Tisne widl vary dapanding upan the individual aass. Any
comments on the amount of ime you reguire to conyate this farm and/or suggestions for teducing this burden, should be sent to the Chief Information Officer, L8,
Paiert snd Trademark OFice, U.S: Departmant of Commetse, PO, Bux 1450, Alexandria, VA 22313-1950, DO NOT SEND FEES OR COMPLETED FORME TO
THIS ADDRESS. SEND TO: Commissicnar for Patents, P.0. Box 1450, Alexandria, VA 22313-1450.

if yau need sssistance i complefing e form, call 1-800-PTO-8199 and selact option 2,
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PTOIAIAI01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

1).S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection: of information unfess it displays a valid OMB control numper.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titeof | PErcutaneously implantable Replacement Heart Valve Device and Method of Making
Invention | Same

As the below named inventor, | hereby declare that:

This declaration .
is directed to: D The attached appfication, or

El United States application or PCT international application number 13/675,665

November 13, 2012

filed on

The above-identified application was made or autharized to be made by me.

{ believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

L { hereby acknowledge that any willful faise statement made in this declaration is punishabile under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTQ-2038 submitted for payment purposes) is never required by the USPTO
to support a petition-or an application. If this type of personal information is included in documents submitted to the USPTQ,
petitioners/applicants should consider redacting such-personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication request in compliange with 37 GFR 1.213(a) is made in. the application) or issuance of a
patent. Furthermore, the record from an-abandoned application may also be available to the public if the application is
referenced in a published application or an issuéed patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available,

LEGAL NAME OF INVENTOR

inventor: Eduardo ;NDUNI P : Date (Optionaly ::
Ry, 4 { :
Signature: __ & - el —
R4

. ) Y g . N B DN
Note: An application dam\sbeet @Tb/SB/14 or equivalent), including naming the entire inventive entity, must accompany-this form or must have
been previously filed. Use ari additional PTO/AIA/01 form for each additional inventer.

This collection of information is required by 35 U.S.C: 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated totake 1 minute to
complete, inciuding gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the.amount of ime you require to compléte this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
‘Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1480.

I you need assistance in completing the form, cali 1-800-PT0-3199 and select option 2.
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Privacy Act Statemenit

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may resultin termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this.form wilf be subject o the following routine uses:

1.

The information on-this form will be treated confidentially to the extent allowed under the
Freedom of information Act (5-U.8.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of setttement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has reguested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an international Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the international Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA reguiations governing inspectien of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTQ becomes aware of a violation or potentiat
violation of law or regulation.
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PTO/AIA/22 (03-13)

Approved for use through 3/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number (Optional)

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | 109978.10101

Application Number Filed

13/675,665 2012-11-13

F
o Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

Art Unit Examiner

3738 not assigned

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee
[ ] one month (37 CFR 1.17(a)(1)) $200 $100 $50 $
D Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $
l:' Three months (37 CFR 1.17(a)(3)) $1,400 $700 $350 $
D Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $
Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $ 1500

Applicant asserts small entity status. See 37 CFR 1.27.

[<]

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

MO O O O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 50-1943

Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

|:| applicant.

attorney or agent of record. Registration number 45246

|:| attorney or agent acting under 37 CFR 1.34. Registration nhumber
/ Mark L. Yaskanin / 11 July 2013

Signature Date
Mark L. Yaskanin 303.446.3840
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below*.

|:| * Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: ) Confirmation No.: 1995
)
PANIAGUA et al. )  Group Art Unit: 3738
)
Application No.: 13/675,665 ) Examiner: NOT YET ASSIGNED
)
Filed: November 13,2012 ) PRELIMINARY AMENDMENT
)
Atty. File No.: 109978.10101 ) (Filed Electronically)
)
For: PERCUTANEOUSLY )
Certifi f EFS-Web Tr iSsi
IMPLANTABLE REPLACEMENT ) I lferteb}cfa::n(;fy that \ﬂYles corr::;::(:;ﬁ:g is being electronically
HEART VALVE DEVICE AND ) transmitted to the U.S. Patent & Trademark Office by the EFS-
METHOD OF MAKING SAME ) Web systemon __11 July 2013 .

Typed or printed name of person signing this certificate:
Carol Donahue
Signature: _ / Carol Donahue /

Commissioner for Patents
P.O. Box 1450
Alexandria Virginia 22313-1450

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner,
please enter the following Preliminary Amendment. Although Applicants do not believe that any
fees are due based upon the filing of this Preliminary Amendment, please charge any
underpayment or debit any overpayment to Deposit Account No. 50-1943.

Please amend the above-entitled patent application as follows:

Amendments To The Claims begin on page 2 of this paper.

Remarks begin on page 6 of this paper.

ACTIVE 21358648
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Preliminary Amendment
U.S. Patent Application No. 13/675,665
Filed on July 11, 2013

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1. (Original) A percutancously implantable replacement heart valve
device comprising an expandable stent member and a flexible, compressible artificial valve made
of biocompatible tissue material and disposed within the inner cavity of said stent member
affixed at one or more points on said artificial valve's outer surface to said stent member, said
artificial valve having cusps or leaflets formed by folding of a sheet of said biocompatible tissue
material without affixing of separate cusps or leaflets or cutting slits into said material to form

said cusps or leaflets.

2. (Original)  The percutancously implantable replacement heart valve device of
claim 1, wherein said expandable stent member is made of a metal or alloy of metals selected

from the group consisting of nickel-titanium alloy, titanium and stainless steel.

3. (Original)  The percutancously implantable replacement heart valve device of
claim 1, wherein said biocompatible tissue material of said artificial valve comprises mammal

pericardium tissue.

4. (Original)  The percutancously implantable replacement heart valve device of
claim 1, wherein said biocompatible tissue material of said artificial valve comprises porcine
pericardium tissue.

ACTIVE 21358648
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Preliminary Amendment
U.S. Patent Application No. 13/675,665
Filed on July 11, 2013

5. (Original)  The percutancously implantable replacement heart valve device of

claim 1, wherein said biocompatible tissue material of said artificial valve is obtained from a

juvenile animal pericardium.

6. (Original)  The percutancously implantable replacement heart valve device of

claim 1, wherein said biocompatible tissue material of said artificial valve comprises autologous

tissue obtained from the patient into whom said replacement heart valve device will be

implanted.

7. (Original)  The percutaneously implantable heart valve device of claim 1,
wherein said biocompatible tissue material of said artificial valve comprises a synthetic

biocompatible material.

8. (Original)  The percutancously implantable heart valve device of claim 7,
wherein said synthetic biocompatible material is selected from the group consisting of

polytetrafluoroethylene, polyester, metal, metal alloy including combinations thereof.

9. (Original)  The percutancously implantable heart valve device of claim 1,

wherein said stent member is self-expanding when implanted.

10. (Original)  The percutaneously implantable heart valve device of claim 1,

wherein said stent member is balloon catheter expandable when implanted.

3
ACTIVE 21358648
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Preliminary Amendment
U.S. Patent Application No. 13/675,665
Filed on July 11, 2013

11.-26. (Cancelled)

27.  (Original) A percutancously implantable replacement heart valve device
comprising an expandable stent member and a flexible, compressible artificial valve made of
biocompatible tissue material and disposed within the inner cavity of said stent member affixed
at one or more points on said artificial valve's outer surface to said stent member, said artificial
valve comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into
said sheet to form said cusps or leaflets, and an outer tubular cuff structure formed by folding a
second sheet portion of biocompatible tissue material, said first and second sheet portions being

affixed together.

28. (Original)  The device of claim 27, wherein said first sheet portion and said

second sheet portions are affixed together by suturing.

29. (Original) The device of claim 28, wherein said suturing is in the form of

double continuous sutures.

30.-32. (Cancelled)

ACTIVE 21358648
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Preliminary Amendment
U.S. Patent Application No. 13/675,665
Filed on July 11, 2013

33.  (Original) A percutancously implantable replacement heart valve device
comprising an expandable stent member and a flexible, compressible artificial valve made of
biocompatible tissue material and disposed within the inner cavity of said stent member affixed
at one or more points on said artificial valve's outer surface to said stent member, said artificial
valve comprising a leaflet or cusp portion formed by folding of a first sheet portion of said
biocompatible tissue material without affixing of separate cusps or leaflets or cutting slits into

said sheet to form said cusps or leaflets.

ACTIVE 21358648
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Preliminary Amendment
U.S. Patent Application No. 13/675,665
Filed on July 11, 2013

REMARKS
Applicants request that this Preliminary Amendment be entered and the claims presented
herein be examined in this application. Claims 11-26 and 30-32 have been cancelled and no
new matter has been added.
In the event that the Examiner has any questions regarding this Preliminary Amendment,

the Examiner is invited to contact the below-named attorney at (303) 446-3840.

Respectfully submitted,
FOX ROTHSCHILD LLP

/ Mark L.Yaskanin /
Mark L. Yaskanin
Registration No. 45,246
Customer No. 29880
Phone: (303) 446-3840
Facsimile: (303) 446-3841

Dated: 11 July 2013

ACTIVE 21358648
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¢ DECLARATION (37 CER 1.6%) FOR UTILITY OR DESIGN APPLICATION
‘ ARPLICATION DATA SHEET (37 CFR 1.76)
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PTO/AIA/M4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10101

Application Data Sheet 37 CFR 1.76

Application Number 13/675,665

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
David PANIAGUA

Residence Information (Select One) (@ USResidency (O NonUS Residency (O Active US Military Service
City | Houston | State/Province | TX | Country of Residencd us
Mailing Address of Inventor:

Address 1 3813 Drummond Street

Address 2

City | Houston ‘ State/Province X

Postal Code _77025 ‘ Countryi us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
R David FISH

Residence Information (Select One) (@ US Residency (O Non US Residency (O Active US Military Service

City | _Houston | State/Province ‘ P8 | Country of Residencé | uUs

Mailing Address of Inventor:

Address 1 6349 Vanderbilt Street

Address 2

City | Houston State/Province TX

Postal Code 77005 ’ Countryi us

Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Eduardo INDUNI

Residence Information (Select One) (O US Residency (@ Non US Residency (O Active US Military Service
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10101
Application Number 13/675,665

Application Data Sheet 37 CFR 1.76

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

City |Alajuela Country of Residen i CR

Mailing Address of Inventor:

Address 1 Resi Alajuela H7

Address 2

City | Alajuela ‘ State/Province

Postal Code 906 4050 | Countryi CR

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
_Carlos MEIJA

Residence Information (Select One) @ US Residency (O NonUS Residency (O Active US Military Service

City | Houston State/Province l TX | Country of Residencd |U_S

Mailing Address of Inventor:

Address 1 3503 Deal Street

Address 2

City | Houston ‘ State/Province |L

Postal Code 77025 ‘ Country i us

Inventor 5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Fransisco LOPEZ-JIMENEZ

Residence Information (Select One) (@ US Residency (O NonUS Residency (O Active US Military Service

City | Rochester | StatelProvince [ MN | Country of Residencd | US

Mailing Address of Inventor:

Address 1 200 First Street

Address 2

City | Rochester | State/Province |_N
Postal Code | 55901 | Countryi |LS

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Addbutton.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10101
Application Number 13/675,665

Application Data Sheet 37 CFR 1.76

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 29880
Email Address

Application Information:

Title of the Invention Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same
Attorney Docket Number| 109978.10101 Small Entity Status Claimed [x]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 12 Suggested Figure for Publication (if any)

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will notbe the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing

this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: @ Customer Number | (O US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 29880

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status ‘ Patented Pernding- |

Aazl:gzteicr)n Continuity Type PriorNﬁ;r;;])ll)i:?tion m_gM[ﬁng) Patent Number W?Mlﬁ_tgm
13675665 Continuation of 10887688 2004-07-10 8308797 2012-11-13
Prior Application Status | Abandoned 2
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
10887668 Continuation in part of 10037266 2002-01-04
EFSWeb227
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PTO/AIA/M4 (03-13)
Approved for use through 01/31/2014. OMB 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 109978.10101
Application Data Sheet 37 CFR 1.76

Application Number 13/675,665

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Addbutton.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (P l e information will be used by the Office to

automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Coﬁg‘iif applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Addbutton.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[¥] Authorization to Permit Access to the Instant Application by the Participating Offices
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. . Attorney Docket Number | 109978.10101
Application Data Sheet 37 CFR 1.76

Application Number 13/675,665

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. [x]

Organization Name | o) |5R| HEART VALVE LLC

Mailing Address Information For Applicant:

Address 1 2150 W. 6th Ave., Unit M

Address 2

City Broomfield State/Province co
Country | us Postal Code 80020
Phone Number | Fax Number
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 109978.10101
Application Number 13/675,665

Application Data Sheet 37 CFR 1.76

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

If the Assignee is an Organization check here. ]

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address
Additional Assignee Data may be generated within this form by selecting the Add button.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications.

Signature |/ Mark L. Yaskanin / Date (YYYY-MM-DD)| 2013-07-11

First Name | Mrak Last Name | Yaskanin Registration Number | 45246

Additional Signature may be generated within this form by selecting the Add button.
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PTO/AIA/M4 (03-13)
Approved for use through 01/31/2014. OMB 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L. Attorney Docket Number
Application Data Sheet 37 CFR 1.76

109978.10101

Application Number

13/675,665

Title of Invention | Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form relat{
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the colle
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the informatio
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do n
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and
Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether
Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an indivi
to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the rel

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in of
to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amend
pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as|
routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security revie
U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, dy
an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure
shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant|
35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued

patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the US|
becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

13675665

Filing Date:

13-Nov-2012

Title of Invention:

PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE DEVICE AND
METHOD OF MAKING SAME

First Named Inventor/Applicant Name:

Filer:

Mark Lauren Yaskanin/Carol Donahue

Attorney Docket Number:

109978.10101

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Su:)j—;'g(tsa)l in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 70 70
Utility Search Fee 2111 1 300 300
Utility Examination Fee 2311 1 360 360
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 2051 1 70 70

Petition:
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Sub-Total in

Description Fee Code Quantity Amount usD($)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 5 months with $0 paid 2255 1 1500 1500
Miscellaneous:
Total in USD ($) 2300
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Electronic Acknowledgement Receipt

EFS ID: 16286632
Application Number: 13675665
International Application Number:
Confirmation Number: 1995

Title of Invention:

PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE DEVICE AND
METHOD OF MAKING SAME

First Named Inventor/Applicant Name:

Customer Number:

29880

Filer:

Mark Lauren Yaskanin/Carol Donahue

Filer Authorized By:

Mark Lauren Yaskanin

Attorney Docket Number: 109978.10101
Receipt Date: 11-JUL-2013
Filing Date: 13-NOV-2012
Time Stamp: 15:35:54

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $2300

RAM confirmation Number 2221
Deposit Account 501943

Authorized User

YASKANIN, MARK L.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
. . N 114895
1 Applicant Response to Pre-Exam Colibri_10101_Reponse_to_Mi no 1
Formalities Notice ssing_Parts_Notice.PDF
166085ee25d55a6089835a2ab4d40238ee4|
8f6el
Warnings:
Information:
428920
. X Colibri_10101_Fish_Executed_
2 Oath or Declaration filed X no 1
Declaration.pdf
9eec576478db0a4926d8a10e1c6329eb3 3t
341b5
Warnings:
Information:
Colibri_10101_Induni_Execut 1808386
3 Oath or Declaration filed ol = n. uni_txecute no 2
d_Declaration.pdf
b97e7c6ae575d%093a5efcd014f751f3cfed
Warnings:
Information:
Colibri_10101_Meija_Executed 229513
4 Oath or Declaration filed oo - .eua_ xecute no 1
_Declaration.pdf
2646e7826e018233d058/b98dc3d7¢5120d)|
3440
Warnings:
Information:
o ) ) 129573
R X Colibri_10101_Extension_of_Ti
5 Extension of Time no 2
me.pdf
d85d9435a15bf375406770a10f9e7b22¢59)
512
Warnings:
Information:
- o 126341
Colibri_10101_Preliminary_Am
6 yes 6
endment.pdf
4276c5087e5a4f5013de9ad 1c4204c0f78¢ 1|
7705
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1
Claims 2
Applicant Arguments/Remarks Made in an Amendment 6
Warnings:
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Information:

489581
. X Colibri_10101_Paniagua_Execu
7 Oath or Declaration filed ted_Declaration.PDF no 1
58e6a244¢2213f057765dd5356720380289)
efcod
Warnings:
Information:
Colibri_10101_Lopez- 290504
8 Oath or Declaration filed Jimenez_Executed_Declaration no 1
.PDF bad182f11e595412136a443d0e86<1b17231]
533c
Warnings:
Information:
2898598
L Colibri_10101_updated_ADS.
9 Application Data Sheet PDF no 8
1c860283f2e2e1283addafb2737953013fd3
043a
Warnings:
Information:
This is notan USPTO supplied ADS fillable form
39052
10 Fee Worksheet (SB06) fee-info.pdf no 2
f07a0594d1afaach1f3bbfd3f510368ee865H
2bc
Warnings:
Information:
Total Files Size (in bytes){ 6555363

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/675,665
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(37 CFR 1.16(K). ), or (m)) N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A 360 N/A
TOTAL CLAIMS .
(37 CFR 1.16(1)) 14 minus 20 = X 40 - 0.00 OR
e il I a0 | ow
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR =
) Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE(S)
E AMENDMENT PAID FOR
LUl Total * Minus | ** = =
= (37 CF?H.IE(H) X OR -
% Independent * Minus | *** = X _ OR _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" {Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/675,665 11/13/2012 David Paniagua 109978.10101

CONFIRMATION NO. 1995

29880 FORMALITIES LETTER

FOX ROTHSCHILD LLP

PRINCETON PIKE CORPORATE CENTER R LA AL YRR

997 LENOX DRIVE 000000062585

BLDG. #3

LAWRENCEVILLE, NJ 08648
Date Mailed: 07/19/2013

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 07/11/2013 to the Notice to File Missing Parts
(Notice) mailed 12/12/2012 and it has been entered into the nonprovisional application. The reply, however,
does not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 12/12/2012
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

ltems Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

* Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings must be reasonably free from erasures and must be free from alterations, overwriting,
interlineations, folds, and copy marks. See Figure(s) 9b, 9c.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Jeggolla/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/675,665 11/13/2012 David Paniagua 109978.10101
CONFIRMATION NO. 1995
29880 ABANDONMENT/TERMINATION
FOX ROTHSCHILD LLP LETTER

PRINCETON PIKE CORPORATE CENTER
So7LEND D e
LAWRENCEVILLE, NJ 08648

Date Mailed: 07/19/2013

NOTICE OF ABANDONMENT UNDER 37 CFR 1.53 (f) OR (g)

The above-identified application is abandoned for failure to timely or properly reply to the Notice to File Missing
Parts (Notice) mailed on 12/12/2012.

* The reply received on 07/11/2013 was insufficient. The reply did not include:
+ Replacement drawings as required.

If a complete reply to the notice was previously filed by applicant within the time period set forth in the notice,
applicant may request for reconsideration of the holding of abandonment within 2 months from the mailing of
this notice of abandonment by filing a petition to withdraw the holding of abandonment under 37 CFR 1.181(a).
No petition fee is required. The petition must be accompanied by a true copy of the originally filed reply and the
item(s) identified in one of the following:

1. A properly itemized date-stamped postcard receipt (see MPEP § 503);

2. If the originally filed reply included a certificate of mailing or transmission in compliance with 37 CFR 1.8(a), a
copy of the certificate of mailing or transmission and a statement in compliance with 37 CFR 1.8(b) (see MPEP §
512); or

3. If the reply was filed via "Express Mail," a submission satisfying the requirements of 37 CFR 1.10(e) including,
for example, a copy of the "Express Mail" mailing label showing the "date-in" (see MPEP § 513).

Any petition to withdraw the holding of abandonment should be directed to OPAP.

If applicant did not previously file a complete reply within the time period set forth in the notice, applicant may file
a petition to revive the application under 37 CFR 1.137.

Under 37 CFR 1.137(a), a petition requesting the application be revived on the grounds of UNAVOIDABLE
DELAY must be filed promptly after the applicant becomes aware of the abandonment and such petition must
be accompanied by: (1) an adequate showing of the cause of unavoidable delay; (2) the required reply to the
above-identified Notice; (3) the petition fee set forth in 37 CFR 1.17(1); and (4) a terminal disclaimer if required by
37 CFR 1.137(d). See MPEP § 711.03(c) and Form PTO/SB/61.

Under 37 CFR 1.137(b), a petition requesting the application be revived on the grounds of UNINTENTIONAL
DELAY must be filed promptly after applicant becomes aware of the abandonment and such petition must

be accompanied by: (1) a statement that the entire delay was unintentional; (2) the required reply to the
above-identified Notice; (3) the petition fee set forth in 37 CFR 1.17(m); and (4) a terminal disclaimer if required
by 37 CFR 1.137(d). See MPEP § 711.03(c) and Form PTO/SB/64.
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Any questions concerning petitions to revive should be directed to the "Office of Petitions” at (571) 272-3282.

A copy of this notice MUST be returned with the reply.

/rmohamed/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions

FTO/SB/64.{03-13)

Approved for 3/31/2013. OMB 0651-0031

LS. Patent and Trader X ARTMENT GF COMMERCE

Under the Paperwork Reduction Act of 1935, no persons are reguired to respond to a collection of information unless it dispiays a valid OMB control nurber,

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT Bocket Nurber (Gptianal)
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(p) | 109978.10101
Pagelof2

First named inventon David PANIAGUA
Application No.: 13/675,665 Art Unit: 3738
2012-11-13 Not Yet Assigned

Examiner:

Tite: | Percutaneously Implantable Replacement Heart Valve Device and Method of
Making Same

Attention: Office of Petitions
Mait Stop Petition
Commissioner for Patents
P.O. Box 1450

iexandria, VA 22313-1450
FAX {571} 273-8300

NOTE

finformation or assistance is needed in completing this form, please contact the Office of Petitions at {571) 272-3282.

The sbove-identified application became abandaoned for failure to file a timely and proper reply to a notice or action by the United States
Patent and Trademark Office. The date of abandonmant is the day after the expirstion date of the period set for reply in the Office notice or
action plus any extensions of time actuatly obtained.

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPUICATION.

NOTE: A grantable petition reguiras the following items:

{1} Petition fee;
(2} Reply and/or issue fee;
(3} Terminal disclaimer with disclaimer fee — required for all utility and plant applications filed before June 8, 1995, and for ail

design applications; and
{4} Staterent that the entire delay was unintentional.
1. Petition fee

Small entity fee § 950.00 {37 CFR 1.17{r}}. Applicant asserts small entity status. See 37 (FR 1.27.

D Micro entity fee § {37 CFR 1.17{m}). Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enciosed or have been submiitted previcusly.
D Undiscounted fee § {37 CFR 1.17{m}}.
2. Reply and/or fee
A The reply and/or fee to the above-noted Office notice or action in the form of

Reply to Notice of Incomplete Reply and Submission of Replacement Drawings (identify the type of repiy):

I:I has been filed previousiy on

is enclosed herawith.

B Theissue fee and publication fee (if applicable} of &

D has been paid previously on

D is enclosed herewith.

This collection of information is required by 37 CFR 1.137(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11, 1.14 and 41.6. This collection is estimated to take 1 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-8199 and seiect option 2.
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Doc Code: PET.OP

Document Description: Petition for Review by the Office of Petitions

FTO/SB/54. {03-13)
3/31/2013. OMB 0651-0031
ARTMENT OF COMMERCE

Approved for
LS. Patent and Trader

Under the Paperwork Reduction Act of 1935, no persons are reguired to respond to a collection of information unless it dispiays a valid OMB controi nurber,

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137{(b)

Page20f2

3. Terminal disclaimer with disclaimer fee

E Since this utility/plant application was filed on or after June 8, 1995, no termina! disclaimer is required,

D A terminal disclaimer {and disclaimar fee (37 CFR 1.20{d)} of §

herewith {see PTO/SB/63).

} disclaiming the required pariod of time is enclosed

4. STATEMENT: The entire delay in filing the required reply from the due date for the required reply untii the filing of 3 grantable petition
under 37 CFR 1.137{b} was unintentional. [NCTE: The United States Patent and Trademark Office may require additional information if there is
a question as to whether either the abandonment or the delay in filing a petition under 37 CFR 1.137{b} was unintentional (MPEP 711.03(c),

subsections {(H}XC) and {D)}.]

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, Bank account numbers, or credit card numbers (other than a check or
credit card authorization form PT0-20328 submitted for payrnent purposes} is never reguived by the USPTO to support a petition or an
application. f this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider

redacting such personal information from the documents

ore submitting them 1o the USPTO. Petitioner/applicant is advised that the record

of a patent application is available to the public after publication of the application {uniess a non-publication request in compliance with 37 CFR

1.213{a} is made in the application} or issuance of a patent. Fu

armore, the record from an abandoned application may alsc be available to

the public if the application is referenced in a published application or an issued patent {see 37 CFR 1.14}. Checks and credit card authorization
forms PT0-2038 subrittad for payment purposes are not retained in the application file and therefore are not publicly available.

/ Mark L. Yaskanin /

Signature

Mark L. Yaskanin

Typed or Printed Name

Customer No. 29880

Addrass

1200 17th St, #975, Denver CO 80202

27 August 2013

Date

45,246

Registration Number, if applicable

303.446.3840

Address
Enclosuras:

fee Payment
Reply

D Terminal Disclaimer Form

Telephone Nurnber

D Additionai sheet(s} containing statements establishing unintentional delay

other: R€placement Drawings for Figures 9A-9C

CERTIFICATE OF MAILING OR TRANSMISSION {37 CFR 1.8(a)f

| hereby certify that this correspondence is being:

D Daposited with the Unitad States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to: Mail Stop Petition, Commissicner for Patents, P. O, Box 1450, Alexandria, VA 22313-1450.

I:l Transmitted by facsimile on the date shown below to the United States Patent and Trademark Cffice at {571} 273-8300.

Signature

yped or printed name of person sighing certificate
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Privacy Act Statement

The Privacy Act of 1874 {P.L. 83-578} requires that you be given cartain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirernents of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.B.C. 2{b){(2}); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is fo process and/or examine your submission
related to a patent application or patent. i you do not furnish the requested information, the U.S. Patent and
Trademark Ofiice may not be able to process and/or examine your submission, which may resuilt in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subiect fo the foliowing routine uses:

1. The information on this form wili be treated confidentially to the extent aliowed under the Freedom of
information Act (5 U.8.C. 852} and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of information Act.

2. Arecord from this systam of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Membear of Congress
submitling a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routing use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.3.C.
552a(n).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
systemn of records may be disclosed, as a routine use, to the international Bursau of the World
Inteliectual Property Organization, pursuant to the Patent Cooperation Treaty.

8. A racord in this system of records may be disclosed, as a routine use, to another faderal agency for
purposes of National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act
{42 U.S.C. 218{c)).

7. Arecord from this system of records may be disclosad, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that
agency's responsibility to recommend improvements in records management practices and programs,
under authority of 44 U.S.C. 2904 and 2906. Such disclosure shali be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant {ie., GSA or
Commerce) directive. Such disclosure shail not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either

publication of the application pursuant {o 35 U.S.C. 122(b} or issuance of a patent pursuant to 35

U.8.C. 151, Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routing

use, to the public if the record was filed in an application which became abandoned or in which the

procaedings were terminated and which application is referenced by either a published application, an
application open to public inspaction or an issued patent.

A record from this systemn of records may be disciosed, as a routine use, o a Federal, State, or local

iaw enforcement agency, i the USPTO becomes aware of a violation or potential violation of law or

regulation.

©
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: ) Confirmation No.: 1995
)
PANIAGUA et al. )  Group Art Unit: 3738
)
Application No.: 13/675,665 ) Examiner: NOT YET ASSIGNED
)
Filed: November 13,2012 ) RESPONSE TO NOTICE OF
) INCOMPLETE REPLY AND
Atty. File No.: 109978.10101 ) SUBMISSION OF
) REPLACEMENT DRAWINGS
For: PERCUTANEOUSLY )
IMPLANTABLE REPLACEMENT ) (Filed Electronically)
HEART VALVE DEVICE AND ) . —
METHOD OF MAKING SAME ) Iclf;rtfl:ib“l;act:n(;tf:yEtflgt_vﬂ‘lliesbcg‘;::;;nnl;:Locg is being electronically

transmitted to the U.S. Patent & Trademark Office by the EFS-
Web system on 27 August 2013 .

Commissioner for Patents Typed or printed name of person signing this certificate:

PO Box 1450 'Carol Donahue
Alexandria Virginia 22313-1450 Stgnature: [ Carol Donshue |
Dear Sir:

In further response to the December 12, 2012 Notice to File Missing Parts, and in
response the July 19, 2013 Notice of Abandonment and Notice of Incomplete Reply in
connection with the above-identified application, Applicants herewith submit a Petition For
Revival Of An Unintentionally Abandoned Application and replacement Figures 9A-9C. The
Notice to File Missing Parts required submission of replacement drawings for Figures 9B and
9C. It is noted that the replacement Figures 9A-9C submitted herewith were printed in
Applicants’ U.S. Patent No. 8,109,995, which shares common priority with the present
application to U.S. Patent Application No. 10/887,688. Please replace Figures 9A-9C currently
on file with the attached replacement drawings. Applicants believe no new matter has been

added with submittal of replacement drawings 9A-9C.
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Response to Notice of Incomplete Reply
U.S. Patent Application No. 13/675,665
Filed on August 27, 2013

The requisite small entity fee as set forth in in 37 CFR 1.17(m) for the revival petition is

also submitted. Please charge any over or under-payment to Deposit Account No. 50-1943.

Respectfully submitted,
FOX ROTHSCHILD LLP

/ Mark L. Yaskanin /
Mark L. Yaskanin
Registration No. 45,246
Customer No. 29880
Phone: (303) 446-3840
Facsimile: (303) 446-3841

Dated: 27 August 2013
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Response to Notice of Incomplete Reply
U.S. Patent Application No. 13/675,665
Filed on August 27, 2013

REPLACEMENT DRAWINGS
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Electronic Patent Application Fee Transmittal

Application Number:

13675665

Filing Date:

13-Nov-2012

Title of Invention:

PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE DEVICE AND

METHOD OF MAKING SAME

First Named Inventor/Applicant Name:

David Paniagua

Filer:

Mark Lauren Yaskanin/Carol Donahue

Attorney Docket Number:

109978.10101

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Su:)j—;'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Petition-Revive Unintent. Abandoned Appl 2453 1 950 950

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

950
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Electronic Acknowledgement Receipt

EFS ID: 16699288
Application Number: 13675665
International Application Number:
Confirmation Number: 1995

Title of Invention:

PERCUTANEOUSLY IMPLANTABLE REPLACEMENT HEART VALVE DEVICE AND
METHOD OF MAKING SAME

First Named Inventor/Applicant Name:

David Paniagua

Customer Number:

29880

Filer:

Mark Lauren Yaskanin/Carol Donahue

Filer Authorized By:

Mark Lauren Yaskanin

Attorney Docket Number: 109978.10101
Receipt Date: 27-AUG-2013
Filing Date: 13-NOV-2012

Time Stamp: 17:12:12

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $950

RAM confirmation Number 4266
Deposit Account 501943

Authorized User

YASKANIN, MARK L.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
. . . 261481
1 Petition for review by the Office of Colibri_10101_Petition.pdf no 3
Petitions.
5cd54b71743e73b81701fc65 1dc8ff4d809)
75a3
Warnings:
Information:
Colibri_10101_Response_to_N 190741
2 otice_of_Incomplete_Reply_20 yes 6
13-08-27.PDF 88e47b9171d979523849da26a0a3247b03
8cbh52
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 2
Drawings-only black and white line drawings 3 6
Warnings:
Information:
30648
3 Fee Worksheet (SB06) fee-info.pdf no 2
3edfded0e5a5f82ee5e8e21c3925a6e2a17d
b59b
Warnings:
Information:
Total Files Size (in bytes):i 482870

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

FOX ROTHSCHILD LLP

PRINCETON PIKE CORPORATE

CENTER MA I L E @

997 LENOX DRIVE

BLDG. #3 ‘ SEP 102013

LAWRENCEVILLE NJ 08648 '

In re Application of OFFICE OF PETITIONS

Paniagua, et al.

Application No. 13/675,665 )
DECISION ON PETITION

Filed: November 13, 2012

Attorney Docket No. 109978.10101

This is in response to the petition under 37 CFR 1.137(b) ' filed August 27, 2013.

The petition under 37 CFR 1.137(b) is granted.

The above-cited application became abandoned for failure to reply in a timely manner to the Notice to
File Missing Parts of Non-Provisional Application action mailed December 12, 2012, which set a
shortened statutory period for reply of three (3) months from its mailing date. A complete response was
not received within the allowable period, and the application became abandoned on July 13, 2013. A
Notice of Abandonment was mailed July 19, 2013.

The replacement drawings were received on August 27, 2013.

This abplication is being directed to the Office of Patent Application Processing for further processing.

'37 CFR 1.137(b) states:
(b) Unintentional . If the delay in reply by applicant or patent owner was unintentional, a petition may be filed
pursuant to this paragraph to revive an abandoned application, a reexamination prosecution terminated under §§
1.550(d) or 1.957(b) or limited under § 1.957(c), or a lapsed patent. A grantable petition pursuant to this paragraph
must be accompanied by:
(1) The reply required to the outstanding Office action or notice, unless previously filed;
(2) The petition fee as set forth in § 1.17(m);
(3) A statement that the entire delay in filing the required reply from the due date for the reply until the
filing of a grantable petition pursuant to this paragraph was unintentional. The Director may require
additional information where there is a question whether the delay was unintentional; and
(4) Any terminal disclaimer (and fee as set forth in § 1.20(d)) required pursuant to paragraph (d) of this
section.
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If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
1 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if]
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CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) moare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[] See attached certification statement.
[] The fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature ! Mark L. Yaskanin / Date (YYYY-MM-DD) 2013-09-23

Name/Print Mark L. Yaskanin Registration Number 45246

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the callection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates toimplantable de-
vices. More particularly, it relates to a valve prosthesis
for cardiac implantation or for implantation in other body
ducts.

BACKGROUND OF THE INVENTION

[0002] There are several known prosthetic valves that
have been previously described. U.S. Patent No.
5,411,552 {Andersen et al.}, entitied VALVE PROSTHE-
SIS FOR IMPLANTATICN IN THE BCDY AND CATHE-
TER FOR IMPLANTING SUCH VALVE PROSTHESIS,
discloses a valve prosthesis comprising a stent made
from an expandable cylinder-shaped thread structure
comprising several spaced apices. The elastically col-
lapsible valve is mounted on the stent with the commis-
sural points of the valve secured to the projecting apices,
which prevents the valve from turning inside out. Deploy-
ment of the valve can be achieved by using an inflatable
balloon which in its deflated state is used to carry about
it the valve structure to its position and, when inflated,
deploys the stent in position to its final size. See, also,
U.S. Patent No. 6,168,614 (Andersen et al.} entitled
VALVE PROSTHESIS FOR IMPLANTATION IN THE
BODY and U.S. Patent No. 5,840,081 (Andersen et al.},
entitted SYSTEM AND METHOD FOR IMPLANTING
CARDIAC VALVES.

[0003] InPCT/EP97/07337 (Letac, Cribier et al.), pub-
lished as WO 98/29057, entitled VALVE PROSTHESIS
FOR IMPLANTATION IN BODY CHANNELS, there is
disclosed a valve prosthesis comprising a collapsible
valve structure and an expandable frame on which the
valve structure is mounted. The valve structure is com-
posed of a valvular tissue compatible with the human
body and blocd, the valvular tissue being sufficiently sup-
ple and resistant to allow the valve structure to be de-
formed from a closed state to an cpened state. The val-
vular tissue forms a continuous surface and is provided
with guiding means formed or incorporated within, the
guiding means creating stiffened zones which induce the
valve structure to follow a patterned movement in its ex-
pansion to its opened state and in its turning back to its
closed state. The valve structure can be extended to an
internal cover which is fastened to the lower part of the
valve structure to prevent regurgitation.

[0004] Further, the French patent application FR 2 788
217 A discloses a prosthetic valve implantable by cath-
eter insertion or surgically. The prosthetic valve compris-
es the features of the preamble of claim 1. It comprises,
in particular, a rigid expansible structure and a valvular
structure integral with the expansible structure and ca-
pable of being deformed to pass alternately from an open
state to a closed state. The valvular structure isintegrated
at one end of the expansible structure, and extends ex-
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ternally thereto.

[0005] There are several known methods currently
used for replacing aortic valves and several types of ar-
tificial prosthetic devices. Mechanical valves are com-
monly used in several different designs (single and dou-
ble flap} manufactured by well-known companies such
as St. Jude, Medtronic, Sulzer, and others. Some of the
main disadvantages of these devices are: a need for per-
manent treatment of anticoagulants, noisy cperation, and
a need for a large-scale operation to implant.

[0006] There is a wide range of biologically based
valves made of natural valves or composed of biological
materials such as pericardial tissue. These too are made
and marketed by well-known companies such as Ed-
wards Lifesciences, Medtronic, Sulzer, Sorin, and others.
[0007] Polymer valves are new and are not yet in use,
but several companies are in the process of developing
such products. A new type of prosthesis is being consid-
ered, based on artificial polymer materials such as poly-
urethane..

[0008] The presentinvention introduces several novel
structural designs for implantable valves. An aspect of
the presentinvention deals with the possibility of implant-
ing the valve percutanecusly, i.e., inserting the valve as-
sembly on a delivery device similar to a catheter, then
implanting the valve at the desired location via a large
blood vessel such as the femoral artery, in a procedure
similar to other known interventional cardiovascular pro-
cedures. The percutaneous deployment procedure and
device has an impact on the product design in several
parameters, some of which are explained hereinafter.
[0009] The percutaneous implantation of medical de-
vices and particularly prosthetic valves is a preferred sur-
gical procedure for it involves making a very small per-
foration in the patient’s skin (usually in the groin or armpit
area) under local anesthetic and sedation, as opposed
to a large chest surgery incision, which requires general
anesthesia, opening a large portion of the chest, and car-
diopulmonary bypass. This percutaneous procedure is
therefore considered safer.

[0010] The presentinvention provides a series of new
concepts in the field of acrtic valves and other human
valves.

SUMMARY OF THE INVENTION

[0011] A valve prosthesis device which is not part of
the present invention suitable for implantation in body
ducts comprises:

a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantially radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a plurality of longitudinally rigid support
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beams of fixed length; and

a valve assembly comprising a flexible conduit hav-
ing aninletend and an outlet, made of pliant material
attached to the support beams providing collapsible
slack portions of the conduit at the outlet,

whereby when flow is allowed to pass through the
valve prosthesis device from the inlet to the outlet
the valve assembly is kept in an open position,
whereas a reverse flow is prevented as the collaps-
ible slack portions of the valve assembly collapse
inwardly providing blockage to the reverse flow.

[0012] Furthermore, the support stent may comprise
an annular frame.

[0013] Furthermore, said valve assembly may have a
tricuspid configuration.

[0014] Furthermore, said valve assembly may be
made from biocompatible material.

[0015] Furthermore, the valve assembly may be made
from pericardial tissue, or cther biological tissue.
[0016] Furthermore, said valve assembly may be
made from biocompatible polymers.

[0017] Furthermore, the valve assembly may be made
from materials selected from the group consisting of poly-
urethane and polyethylene terephthalate (FET).

[0018] Furthermore, said valve assembly may com-
prise a main body made from PET {polyethylene tereph-
thalate) and leaflets made from polyurethane.

[0019] Furthermore, said support stent may be made
from nickel titanium.

[0020] Furthermore, the support beams may be sub-
stantially equidistant and substantially parallel so as to
provide anchorage for the valve assembly.

[0021] Furthermore, the support beams may be pro-
vided with bores so as to allow stitching or tying of the
valve assembly to the beams.

[0022] Furthermore, the support beams may be chem-
ically adhered to the support stent.

[0023] Furthermore, said valve assembly may be riv-
eted to the support beams.

[0024] Furthermore, said valve assembly may be
stitched to the support beams.

[0025] Furthermore, said beams may be manufac-
tured by injection using a mold, or by machining.
[0026] Furthermore, said valve assembly may be
rolled over the support stent at the inlet.

[0027] Furthermore, said valve device may be manu-
factured using forging or dipping techniques.

[0028] Furthermore, said valve assembly leaflets may
be longer than needed to exactly close the outlet, thus
when they are in the collapsed state substantial portions
of the leaflets fall on each other creating better sealing.
[0029] Furthermore, said valve assembly may be
made from coils of a polymer, coated by a coating layer
of same polymer.

[0030] Furthermore, said polymer may be poly-

io

15

20

25

30

35

40

45

50

55

urethane.

[0031] Furthermore,the supportstentmay be provided
with heavy metal markers so as to enable tracking and
determining the valve device position and orientation.
[0032] Furthermore, the heavy metal markers may be
selected from gold, platinum, iridium, or tantalum.
[0033] Furthermore, the valve assembly leaflets may
be provided with radio-opaque material at the the valve
assembly leaflets may be provided with radic-opaque
material at the outlet, so as to help tracking the valve
device operation in vivo.

[0034] Furthermore, said radio-opaque material may
comprise gold thread.

[0035] Furthermore,the diameter of said support stent,
when fully deployed may be in the range of from about
19 to about 25 mm.

[0036] Furthermore, the diameter of said support stent
may be expanded from about 4 to about 25 mm.

[0037] Furthermore, the support beams may be pro-
vided with bores and wherein the valve assembly may
be attached to the support beams by means of U-shaped
rigid members that are fastened to the valve assembly
and that are provided with extruding portions that fit into
matching bores on the support beams.

[0038] Furthermmore, the support beams may comprise
rigid support beams in the form of frame construction,
and the valve assembly pliant material may be inserted
through a gap in the frame and a fastening rod may be
inserted through a pocket formed between the pliant ma-
terial and the frame and holds the valve in position.
[0039] Furthermore,the mainbody ofthe valve assem-
bly may be made from coiled wire coated with coating
material.

[0040] Furthermore, the coiled wire and the coating
material may be made from polyurethane.

[0041] Furthermore, a strengthening wire may be in-
terlaced in the valve assembly at the outlet of the conduit
so as to define a fault line about which the collapsible
slack portion of the valve assembly may flap.

[0042] Furthermore, the strengthening wire may be
made from nickel titanium alloy.

[0043] Furthemore, there is provided a valve prosthe-
sis device which is not part cf the present invention, suit-
able forimplantation in body ducts, the device comprising
a main conduit body having an inlet and an cutlet and
pliant leaflets attached at the outlet so that when a flow
passes through the conduit from the inlet to the outlet the
leaflets are in an open position allowing the flow to exit
the outlet, and when the flow is reversed the leaflets col-
lapse so as to block the outlet, wherein the main body is
made from PET and collapsible leaflets are made form
polyurethane.

[0044] Furthermore, support beams made from poly-
urethane may be provided on the main body and wherein
the leaflets may be attached to the main body at the sup-
port beams.

[0045] Furthermore, said support beams may be
chemically adhered to the main body.
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[0046] Furthermore, there is provided a valve prosthe-
sis device, which is not part of the present invention suit-
able for implantation in body ducts, the device compris-
ing:

a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantially radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a plurality of longitudinally rigid support
beams of fixed length;

a valve assembly comprising a flexible conduit hav-
ing aninlet end and an outlet, made of pliant material
attached to the support beams providing collapsible
slack portions of the conduit at the outlet; and

substantially equidistant rigid support beams inter-
laced or attached to the slack portion of the valve
assembly material, arranged longitudinally.

[0047] Furthermore, there may be provided a crimping
device for crimping the valve device described above,
the crimping device comprising a plurality of adjustable
plates that resemble a typical SLR (Single Lens Reflex)
camera variable restrictor, each provided with a blade,
that are equally dispersed in a radial symmetry but each
plate moves along a line passing off an opening in the
center, all plates equidistant from that center opening.
[0048] Furthermore, the multiple plates may be adapt-
ed to move simultaneously by means of alever and trans-
mission.

[0049] Furthermore, there is provided a method for de-
ploying an implantable prosthetic valve device from the
retrograde approach (approaching the aortic valve from
the descending aorta) or from the antegrade approach
(approaching the aortic valve from the left ventricle after
performing a trans-septal puncture) at the natural aortic
valve position at the entrance to the left ventricle of a
myocardium of a patient, which is not part of the present
invention, the method comprising the steps of:

(a} providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b} providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the second
inflatable portion of the balloon catheter;
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(d) for the retrograde approach, guiding the balloon
catheter through the patient's aorta using the guiding
tool, the valve device mounted over the second in-
flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle, whereas the second inflatable
portion of the balloon catheter is positioned at the
natural aortic valve position;

(e) for the antegrade approach, guiding the balloon
catheter through the patient’s greater veins, right atri-
um, left atrium, and left ventricle using the guiding
tool, the valve device mounted over the second in-
flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle, whereas the second inflatable
portion of the balloon catheter is positioned at the
natural aortic valve position;

(f) inflating the first inflatable portion of the balloon
catheter so as to substantially block blood flow
through the natural aortic valve and anchor the distal
end of the balloon catheter in position;

(g} inflating the second inflatable portion of the bal-
loon catheter so as to deploy the implantable pros-
thetic valve device in position at the natural aortic
valve position;

(h) deflating the first and second inflatable portions
of the balloon catheter; and

(i} retracting the balloon catheter and removing it
from the patient's body.

[0050] Furthermore, the guiding tool may comprise a
guide wire.
[0051] Furthermore, there is provided a method for de-

ploying an implantable prosthetic valve device at the nat-
ural aortic valve position at the entrance to the left ven-
tricle of a myocardium of a patient, which is not part of
the present invention, the method compnsing the steps
of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c} providing a deployable implantable valve pros-
thesis device adapted to be mounted on the first in-
flatable portion of the balloon catheter, and a deploy-
able annular stent device adapted to be mounted
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over the second inflatable portion of the balloon cath-
eter, the deployable implantable valve prosthesis de-
vice and the deployable annular stent kept at a pre-
determined distant apart;

(d} guiding the ballcon catheter through the patient’s
aorta using the guiding tool, the valve device mount-
ed over the first inflatable portion of the balloon cath-
eter and the deployable annular stent mounted over
the second inflatable portion of the balloon catheter,
until the first inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;

(e} inflating the second inflatable portion of the bal-
loon catheter so that the deployable stent device is
deployed within the acrta thus anchoring the deploy-
able annular stent and the coupled valve device in
position;

(f) inflating the first inflatable portion of the balloon
catheter so as to deploy the implantable prosthetic
valve device in position at the natural aortic valve
position;

(g} deflating the first and second inflatable portions
of the balloon catheter; and

(h} retracting the balloon catheter and removing it
from the patient's body.

[0052] The presentinvention is a valve prosthesis de-
vice as defined in claim 1.

[0053] Furthermore, the support beams may have a
U-shaped cross section, which is not part of the present
invention.

[0054] Furthermore, a holder may be used to secure
the plaint material to the support beams, which is not part
of the present invention.

[0055] Furthermore, the support frame may comprise
three segments that form a circular assembly when as-
sembled, which is not part of the present invention.
[0056] Furthermore, the support beams may point in-
wardly with respect to a central longitudinal axis of the
device, which is not part of the present invention.
[0057] Furthermore, the device may be further provid-
ed with a restricting tapered housing, for housing itin a
crimped state, which is not part of the present invention.
[0058] Furthermore, hooks may be provided to secure
the device in position after it is deployed, which is not
part of the present invention.

[0059] Furthermore, the support beams may comprise
longitudinal bars having a narrow slit used as the com-
missural attachment so that extensions the pliant mate-
rial are tightly inserted through it, which is not part of the
present invention.

[0060] Furthermore, the extensions of the pliant mate-
rial may be wrapped about rigid bars serving as anchor-
age means, which is not part of the present invention.

io

15

20

25

30

35

40

45

50

55

[0061] Furthermore, extensions of the pliant material
may be sutured to each other at the rigid bars, which is
not part of the present inventicn.

[0062] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, a bottom
portion of the pliant material is attached to the inlet
[0063] Furthermore, the support beams may be each
provided with a rounded pole, forming a lcop through
which the pliant material is inserted, which is not part of
the present invention.

[0064] Furthermore, the pliant material may be provid-
ed with longitudinal bars attached to the pliant material
at positions assigned for attachment to the support frame,
in order to prevent localized stress from forming, which
is not part of the present invention.

[0065] Furthermore, the device may be further provid-
ed with longitudinal bars having protrusicns that are in-
serted in bores in the pliant material, a sheet of PET and
through bores provided on the support beams, which is
not part of the present inventicn.

[0066] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, pliant mate-
rial is sutured leaving the slack portions free of sutures.
[0067] Furthermore, a connecting member with a split
portion may be used to connect leaflets of the pliant ma-
terial to the suppert beams, the split connecting member
compressing the pliant material in position, which is not
part of the present invention.

[0068] Furthermore, a portion of the connecting mem-
ber could be perpendicular to the split portion, which is
not part of the present inventicn.

[0069] Furthermore, the suppert frame may be provid-
ed with metallic members coupled to the stent and rigid
members may be positioned on two opposite sides of the
metallic member and held against each other holding por-
tion of the pliant material between them, sutured, the me-
tallic members wrapped with PET, which is not part of
the present invention.

[0070] Furthermore, the device may be further provid-
ed with spring in crder to reduce wear of the pliant ma-
terial, which is not part of the present invention.

[0071] Furthermore, the spring may be provided with
a spiral, which is not part of the present invention.
[0072] Furthermore, the spring may be made from
stainless steel, which is not part of the present invention.
[0073] Furthermore, the spring may be attached to
slots provided on the support frames, which is not part
of the present invention.

[0074] Furthermore, the pliant material may be sutured
to the support frame forming pockets, which is not part
of the present invention.

[0075] Furthermore, attachment bars may be provided
on the stent support at a portion of the stent close to the
outlet, ontc which the pliant material is coupled, and
wherein the pliant material is attached circumferentially
to the inlet, leaving slack pliant material, which is not part
of the present invention.

[0076] Furthermore, in accordance with ancther pre-
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ferred embodiment of the present invention, the outlet is
tapered with respect to the inlet.

[0077] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the support
frame at the outlet is wider in diameter than the pliant
material forming the outlet.

[0078] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the pliant
material is reinforced using PET.

[0079] Furthermore, the support frame may be a tube
having aninner wall, having sinusoidal fold lines, wherein
the pliant material is sutured to the inner wall of the tube
along suture lines, which is not part of the present inven-
tion.

[0080] Furthermore, additional piece of PET may be
added below the suture lines, which is not part of the
present invention.

[0081] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the device
is incorporated with an angioplasty balloon.

[0082] Finally, in accordance with another preferred
embodiment of the present invention, balloon has a cen-
tral longitudinal axis that runs along a flow path through
the device, and a perimeter, the balloon comprising four
inflatable portions, one portion located along a central
axis and the other three located on the perimeter, the
pliant material in the form of leaflets is distributed about
the perimeter.

BRIEF DESCRIPTION OF THE FIGURES

[0083] To better understand the present invention and
appreciate its practical applications, the following Figures
are provided and referenced hereafter. It should be noted
that the Figures are given as examples only and in no
way limit the scope of the invention as defined in the
appended claims.

Figure 1 illustrates an implantable prosthetic tricus-
pid valve suitable for percutaneous deployment us-
ing a stent or similar deploying means, in its de-
ployed-inflated position;

Figure 2 depicts an implantable valve mounted over
a deploying stent with an inflatable balloon;

Figure 3 illustrates an implantable valve mounted
over a stent with an inflatable balloon, in a crimped
position;

Figure 4 depicts implantable valve deployment in a
natural aortic valve position;

Figure 5 demonstrates manufacturing a poly-
urethane implantable valve using a dipping tech-

nique;

Figures 6a to 6e illustrate manufacturing of an im-
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plantable valve by forging;

Figures 7a and 7b demonstrate composite valve,
which has polyurethane {PU) leaflets and PET tubu-
lar-crown shaped construction;

Figures 8a and 8b depict a manufacture process of
a composite valve made of flexible PU leaflets, rigid
PU ceonstruction for mounting and a PET tubular end;

Figures & to 9i demonstrate different methods of at-
tachment between the valve and stent;

Figure 10 illustrates a dipping mandrel with an extra
portion, which improves the sealing ability of the
valve;

Figures 11a to 11c illustrate a valve mounted on a
stent with an extra support, which improves the force
distribution on the valve material and facilitates pro-
longed durability of the valve;

Figures 12a to 12c depict a valve with rigid supports
located substantially in the center of its leaflets. This
design allows the valve leaflets to perform without
outer support;

Figures 13a to 13c illustrate the manufacturing of a
reinforced PU tube composed of strong fiber from
PU, PET or other and a softer PU coating, for serving
as the supporting structure;

Figures 14a to 14c demonstrate incorporation of
heavy metal markers on the stent. These markers
allow orientation control while positioning the device
at the required location;

Figures 15a to 15c demonstrate a valve with radio-
opaque coating which allows imaging of the valve
motion under angiogram;

Figures 16a to 16¢ illustrate a procedure, which
helps in accurate positioning the valve device with
respect to the longitudinal orientation;

Figures 17a and 17b describe a valve device com-
prising one valve assembly mounted on a stent and
an additional portion with a stent only. This allows
placing the device in a way that coronaries are not
blocked, longitudinal positioning thus becomes less
sensitive and the extra stent decreases the risk of
device migration within the vasculature;

Figures 18a and 18b demonstrate a crimping device
which can crimp a valve device inthe operating theat-

er as part of the implantaticn procedure;

Figures 19a to 19¢ depict a crimping machine similar

Edwards Lifesciences Corporation, et al. Exhibit 1017, p. 175 of 2319



11 EP 1 441 672 B1 12

to the one described in figure 18 with a different me-
chanical method;

Figures 20a and 20b demonstrate a valve made of
a tube mounted on a stent. During systole the tube
is fully open and during diastole the tube collapses
according to the mounting geometry providing tight
sealing;

Figure 21 depicts a stent structure with built-in
mounting portions of constant length, which allow
valve mounting;

Figure 22 depicts a valve assembly having dilated
supports;

Figures 23ato 23e depict stages in a method of man-
ufacturing an implantable prosthetic valve.

Figures 24a to 24c illustrate a support frame of an
implantable prosthetic valve having means for
mounting valve leaflets that can form a tricuspid
valve. Figure 24a depicts an isometric view of the
frame, and Figure 24b depicts a cross-sectional view
of the means for mounting a valve leaflet in details,
provided with a valve leaflet Figure 24c depicts fur-
ther details of attachment means for the attachment
method;

Figures 25a to 25dillustrate animplantable prosthet-
ic valve Figures 25a and 25b depict an isometric view
and an upper view of the valve assembly, respec-
tively, and Figures 25c and 25d illustrate upper views
of two optional constructions for the means for
mounting leaflets;

Figures 26a to 26¢ illustrate a tricuspid valve provid-
ed with a self-expandable frame. Figure 26a is the
valve in its fully expanded diameter, Figure 26b is a
tapered tool which assists in inserting the valve into
an introducing tube, and Figure 26¢ shows the valve
assembly inside a restriction tube, ready to be in-
serted into a introducing sheath;

Figure 27 illustrates an isometric view of an implant-
able prosthetic valve having hooks designated to an-
chor the valve assembly to body ducts;

Figure 28 illustrates a partial view of an implantable
prosthetic valve. The commissural attachment is
showed in details;

Figures 29a and 28b illustrate an isometric view and
an upper cross-sectional view, respectively, of an
attachment assembly of a valve's frame to leaflets.

Figures 30a to 30c illustrate an isometric view, a
cross-sectional view and a flattened view, respec-
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tively, of an attachment assembly of a valves frame
to leaflets. Figure 30c is a side view showing two
pieces of pericardium before the attachment to the
frame;

Figures 31a and 31billustrate an exploded view and
an isometric view, respectively, of a commissural at-
tachment depicting the attachment technique;

Figures 32a and 32b illustrate an isometric view of
an attachment between leaflets and the frame.

Figures 33a to 33d illustrate different views and por-
tions of an attachment between a pericardium and
a frame demonstrating another method of attach-
ment;

Figures 34a to 34c illustrate an isometric view of an
attachment between a pericardium and a valve dem-
onstrating another method of attachment In Figures
34b and 34¢, a deployed portion and the folded por-
tion, respectively, are shown;

Figures 35ato 35cillustrate isometric and cross-sec-
tional upper views, respectively, of attachment tech-
niques between a pericardium leaflet and a valve’s
frame;

Figures 38a and 36b illustrate an isometric view of
a commissural assembly demonstrating a method
of forming one;

Figures 37ato 37cillustrates a commissural assem-
bly, where the connecting bar functions as a flexible
support and has integral attachment means to the
frame. Figure 37b is an isometric view of the con-
necting bar;

Figures 38a to 38g illustrate isometric views of flex-
ible commissural supports and the method of attach-
ing them to a pericardium and a frame and valve;

Figures 39a to 38b illustrate an isometric view of a
commissural attachment demonstrating the attach-
ment of the pericardium to the support by means of
a shaped compressing member;

Figures 40a to 40c illustrate an isometric view of a
bicuspid valve mounted on a frame. Figures 40b and
40c¢ depicts a cross-sectional side view and an iso-
metric view, respectively, of the pericardium that is
sutured to a PET tube in the form of pockets;

Figures 41a to 41d illustrate isometric views of an
implantable prosthesis tricuspid valve;

Figures 42a and 42b illustrate an isometric view of
an implantable prosthetic valve having a different
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commissural attachment. Figure 42b depicts the at-
tachment in details;

Figures 43a and 43b illustrate an isometric view of
an implantable prosthetic valve. Figure 43a depicts
the commissure that are pre-sutured in a tapered
shape;

Figures 44a to 44c illustrate an isometric view of an
implantable prosthetic valve with additional pieces
of PET used for sealing and protecting the pericar-
dium;

Figures 45a to 45d illustrate an isometric view of an
implantable prosthetic valve having leaflets sutured
to a pre-shaped PET tube and optional leaflet-tube
attachments in details;

Figures 46a and 46b illustrate an exploded view and
an upper cross-sectional view of an implantable
prosthetic valve assembly;

Figures 47a to 47¢ illustrate a partial cross-sectional
side view of an inflating balloon. The balloonis a part
of an implantable prosthetic valve delivery system.
Figures 47b and 47¢ are cross sectional upper views
in the inflated and deflated positions, respectively;
and

Figures 48a and 48b illustrate a partial cross-sec-
tional side view and an upper cross-sectional view
of an inflating ballcon.

DETAILED DESCRIPTION OF THE INVENTION

[0084] An aspect of the present invention is the intro-
duction of several novel designs for an implantable pros-
thetic valve.

[0085] Basically theimplantable prosthetic valve of the
present invention comprises a leafed-valve assembly,
preferably tricuspid but not limited to tricuspid valves on-
ly, consisting of a conduit having an inlet end and an
outlet, made of pliant material arranged so as to present
collapsible walls at the outlet. The valve assembly is
mounted cn a support structure such as a stent adapted
to be positioned at a target location within the body duct
and deploy the valve assembly by the use of deploying
means, such as a balloon catheter or similar devices. In
embodiments suitable for safe and convenient percuta-
neous positioning and deployment the annular frame is
able to be posed in two positions, a crimped position
where the conduit passage cross-section presented is
small so as to permit advancing the device towards its
target location, and a deployed position where the frame
is radial extended by forces exerted from within (by de-
ploying means) so as to provide support against the body
duct wall, secure the valve in position and open itself so
as to allow flow through the conduit.
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[0086] The valve assembly can be made from biolog-
ical matter, such as a natural tissue, pericardial tissue or
other biological tissue. Alternatively, the valve assembly
may be made form biocompatible polymers or similar ma-
terials. Homograph biclogical valves need occasional re-
placement (usually within 5 to 14 years), and this is a
consideration the surgeon must take into account when
selecting the proper valve implant according to the pa-
tient type. Mechanical valves, which have better durabil-
ity qualities, carry the associated risk of long-term anti-
coagulation treatment.

[0087] The frame can be made from shape memory
alloys such as nickel titanium {nickel titanium shape
memory alloys, or NiTi, as marketed, for example, under
the brand name Nitinol}, or other biocompatible metals.
The percutaneously implantable embodiment of the im-
plantable valve of the presentinvention has to be suitable
for crimping into a narrow configuration for positioning
and expandable to a wider, deployed configuration so as
to anchor in position in the desired target location.
[0088] The supportstentis preferably annular, but may
be provided in other shapes toco, depending on the cross-
section shape of the desired target location passage.
[0089] Manufacturing of the implantable prosthetic
valve of the present invention can be done in various
methods, by using pericardium or, for example, by using
artificial materials made by dipping, injection, electros-
pinning, rotation, ironing, or pressing.

[0090] The attachment of the valve assembly to the
support stent can be accomplished in several ways, such
as by sewing itto several anchoring points on the support
frame or stent, or riveting it, pinning it, adhering it, or
welding it, to provide a valve assembly that is cast or
molded over the support frame or stent, or use any other
suitable way of attachment.

[0091] To preventleakage from the inlet it is optionally
possible to roll up some slack wall of the inlet over the
edge of the frame so as to present rolled-up sleeve-like
portion at the inlet.

[0092] Furthermore, floating supports may be added
to enhance the stability of the device and prevent it from
turning inside out

[0093] Animportant aspect of certain embodiments of
the present invention is the provision of rigid support
beams incorporated with the support stent that retains
its longitudinal dimension while the entire support stent
may be longitudinally or laterally extended.

[0094] The aforementioned embodiments as well as
other embodiments, manufacturing methods, different
designs and different types of devices are discussed and
explained below with reference to the accompanying
drawings. Note that the drawings are only given for the
purpose of understanding the present inventicn and pre-
senting some preferred embodiments of the present in-
vention, but this does in no way limit the scope of the
present invention as defined in the appended claims.
[0095] Referenceis now made to Figure 1, whichiillus-
trates a general tricuspid implantable prosthetic valve 20
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in accordance with a preferred embodiment of the
present invention, suitable for percutaneous deployment
using an expandable stent or similar deploying means,
shown inits deployed position. A valve assembly 28 com-
prises a conduit having an inlet 24 and an outlet 28, the
outlet walls consisting of collapsible pliant material 29
that is arranged to collapse in a tricuspid arrangement.
The valve assembly 28 is attached to an annular support
stent 22, the one in this figure being a net-like frame de-
signed to be adapted to crimp evenly so as to present a
narrow configuration and be radially deployable so as to
extend to occupy the passage at the target location for
implantation in a body duct. Support beams 23 are pro-
vided on annular support stent 22 to provide anchorage
to valve assembly 28. Further supportbeams 23 are pro-
vided with bores 25 through which valve assembly 28 is
stitched to support beams 23 by thread.

[0096] In the embodiment shown in Figure 1, a cuff
portion 21 of the valve assembly 28 is wrapped around
support stent 22 at inlet 24 to enhance the stability. Pref-
erably cuff portion 21 of valve material 28 is attached to
support beams 23.

[0097] Note that the entire valve structure is adapted
to be radially crimped and radially expanded, and this
lends to provide ease of navigation through narrow pas-
sages in the vasculature during positioning of the device
and adequate deployment on the final location. This is
made possible by the provision of a collapsible support
stent structure. However, the support beams remain at
all times constant at their length and thus are suitable for
serving as the pliable valve assembly’s anchorage. The
valve assembly is attached to the support stent at the
support beams, and due to their constant length there is
no need for slack material as the attachment points (25)
remain at constant distances regardless of the position
of the valve device (crimped or deployed). Thisis anim-
portant feature for this means that the manufacturer of
the valve device can make sure the valve assembly is
secured and fastened to the support stent at all times. In
prior art implantable valve devices the entire support
structure changes its dimensions from its initial first
crimped position and final deployed position, and this
means that in the attachment of the valve assembly to
the support structure one must take into consideration
these dimension changes and leave slack material so
that upon deployment of the device the valve assembly
does nottear or deform. In the valve device of the present
invention there is no relative movement between the
valve assembly and the support beams {along the longi-
tudinal central axis of the device). As a result, the valve
device ofthe presentinvention acquires greater durability
and is capable of withstanding the harsh conditions pre-
vailing within the vasculature and especially the millions
of cydles of stress applied by the blood pressure.
[0098] The fixed attachment of the valve assembly to
the support stent in the valve device of the present in-
vention results in greater stability, enhanced safety, bet-
ter sealing and consequently longer lifespan. The novel
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design of the valve device of the present invention leads
to longitudinal strength and rigidity whereas its collapsi-
ble support structure results in radial flexibility.

[0099] Figure 2 depicts animplantable valve 30 mount-
ed on a deployable stent 32. The valve assembly 34 is
attached to the deployable support stent 32 (dotted lines}
along three substantially equidistant and substantially
parallel support beams 40 of constant length, which are
part of stent 32. The attachment of valve assembly 34 to
stent 32 is facilitated by the support beams 40 to which
valve assembly 34 is stitched with thread or fiber 46
(through bores 42 of support beams 40). Outlet leafs 38,
which are a slack portion of the valve assembly, dangle
inwardly, and the whole device is carried by an inflatable
balloon 48, which serves as the deploying device. A por-
tion of the valve assembly 34 at an inlet zone 45 is op-
tionally rolled over support stent 32 at the inlet, making
up a rolled sleeve, which enhances the sealing of the
device at the valve inlet.

[0100] Figure 3 demonstrates an implantable valve
mounted to a stent 50 with an inflatable balloon 52, in a
crimped position. The support stent 50 is initially crimped
about the balloon 52 so that is presents a narrow cross-
section and is thus suitable for percutaneous catheteri-
zation and deployment.

[0101] Figure 4 depicts an implantable valve deploy-
ment in a natural aortic valve position. The implantable
valve is advanced while mounted over the balloon 52
until it reaches the desired target location 54 in a body
duct, for example, aorta 56. The balloon is inflated and
the support stent 50 expands radially to take up its posi-
tion.

[0102] Figure 5 demonstrates the manufacture of a
polyurethane valve in a dipping technique. A dipping
mandrel 80 is provided with a tubular portion 62 with sur-
faces 64 that correspond to the collapsible valve leaflets
to be manufactured. Mandrel 60 is dippedinto a dissolved
polyurethane bath 66 and is coated with a polyurethane
coating in the desired form of the valve. Then, after the
polyurethane coating has hardened sufficiently, the com-
pleted valve is removed from mandrel 60.

[0103] Figures €ato Geillustrate manufacturing anim-
plantable valve by forging. A suitable tubularly shaped
material 74 is placed tightly on a tubular portion 68 of
mandrel 67, covering the cusp portion 69. Flexible inserts
76 are pressed tomandrel 67, forging the tubular material
to mandrel shape 80. A tapered ring 70 holds the flexible
inserts in place as the whole mold is placed in a hot oven
regulated to a desired temperature, which is lower than
the material’'s melting point. Figure €e illustrates a sec-
tional side view of the mandrel and a cross cut portion of
the mold. The mold is made to press inwardly on the
mandrel, which is covered with the valve material. As a
result the material takes up the desired shape. The ma-
terials used can vary, for example, polyurethane (PU},
polyethylene terphthalate (PET), or any other suitable
material, which may be formed by heating.

[0104] Figures 7a and 7b demonstrate a method of
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manufacturing a composite valve, which has PU leaflets
and PET tubular construction with a crown shape. PU is
an excellent fatigue resistant material but is sensitive to
tear. The PU is reinforced by the PET crown to allow safe
attachment to a stent by means of stitching, riveting, or
any other suitable attachment method. A PET crown 86
is placed on a mandrel 87, which is then {turned and)
dipped in a container of dissolved PU. The manufactured
device is a valve assembly having leaflets 88 composed
of pure PU, and thus fatigue resistant, and a main body
made of PET with protruding attachment portions 90 suit-
able for attachment built in the PU.

[0105] Figures 8a and 8b demonstrate a method of
manufacturing a composite valve, which is based on flex-
ible PU 82 for as the main body of the valve, rigid PU
support beams 84 serving for the attachment area, and
PET sleeve 96 portions for the valve inlet. The need for
a rigid portion for attachment (support beams 84} is ex-
plained by the tendency of the flexible, fatigue resistant
material to tear as already explained. The advantage of
the stiff PU support beams is that they are chemically
adhered to the main body, and this improves the overall
durability of the valve due to reduction of inner forces and
friction in the attachment area specially attachment be-
tween two different materials. The valve is dipped in the
method menticned with reference to Figure 5, and the
rigid PU support beam 94 is created by way of mold in-
jection, machining or any other suitable way. The rigid
PU support beam 94 is placed on the valve and then
dipped into the container of dissclved PU. This is done
while the valve is positioned on the mandrel {not shown).
This method provides the ability to composite several
materials into one body and, by that, gain the advantage
of the various properties of the materials as they are
needed in different areas of the prosthesis.

[0106] Figures 9 to 9i demonstrate different methods
of attachment between a valve assembly and the support
stents. A valve assembly 99 shown in Fig. 9 is incorpo-
rated intec valve 100 shown in Fig. 9a, where a support
stent 102 is attached to valve assembly 99 through sup-
port beam 106. A detail is shown in Fig. 9b, where, in
cross-section, it can be seen thatlayer 108 is an optional
inner support made of stainless steel or rigid polymeric
material, valve assembly 99 comprises a PET layer 105
coated with a PU layer 104, with the outer support beam
106. Connector 107 is a connecting wire made of a strong
material, such as stainless steel. Figure 9cillustrates an
alternative arrangement for attachment by a rivet 108,
and in Figure 9d the attachment is achieved by a suture
110.

[0107] Figures 9e to 9g show an attachment method
comprising shaped rigid members 118, preferably made
from metal, which tightly hold the PU valve material 118
by fitting in between a PU U-shaped nest 120 and are
attached to a stent 122 by extruding portions 124 that
are provided on U-shaped rigid member 116, which fit
the bores 128 of the support beam 128 of the stent 122.
Figures 9h and Si show ancther attachment methed,
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where rigid support beams in the form of frame construc-
tion 132 are provided, and the valve assembly pliant ma-
terial 135 made of a tubular material is inserted through
a gap 137 in the frame. After insertion, a fastening rod
133 is inserted through the pocket formed between the
pliant material and the frame and holds the valve in po-
sition.

[0108] Figure 10illustrates a dipping mandrel 139 with
an extending porticn 141, which improves the sealing
ability of the valve. Since the valve is attached to a col-
lapsible stent and is itself collapsible, it is difficult to de-
termine the exact shape of the valve after crimping and
deploying. It is of major importance that sealing will be
achieved. By adding the extension 141 the leaflets are
made longer than needed to exactly close the outlet, and
therefore when they are in the collapsed state, substan-
tial portions of the leaflets fall on each other creating bet-
ter sealing.

[0109] Figures 11a to 11¢ illustrate a valve assembly
mounted on a support stent 144 with interlaced strength-
ening wire 148, which improves the force distribution on
the valve material and facilitates prolonged durability of
the valve. The support is in the form of a wire, which has
a crown shape as the shape of the three cusp valve base
148, it also has the ability to be crimped 150 to a small
diameter, together with the stent, valve and balloon, as
shown in Fig. 11b. The forces applied to the valve edge
148 while working, are applied to the attachment points,
by making the attachment line longer we reduce the force
on each attachment point. In this support method the
valve is attached by suturing 152 the entire line to the
extra support wire 146. This wire can be made of stainless
steel, nickel titanium alloy such as nitinol, or polymeric
material. The support suture renders the valve assembly
default fault lines where the valve material more readily
flexes, thus ensuring proper operation of the valve flaps
(leaflets). Opticnally the valve assembly shown in Fig-
ures 11a to 11c can be mounted on a support stent such
as the one described herein or similar supporting struc-
tures. The strengthening wire is interlaced in the valve
assembly at the outlet of the conduit so as to define a
fault line about which the collapsible slack portion 154 of
the valve assembly may flap.

[0110] Figures 12a to 12c depict a valve device pro-
vided with a stent 159 and substantially equidistant rigid
support beams 160, interlaced or attached to the slack
porticn of the valve assembly material 161, arranged lon-
gitudinally. This design allows the valve leaflets to per-
form without outer support. The support in standard
valves is by tying the upper edge of the cusp to a rigid
embodiment, so that it reacts to the load as a suspensicn
bridge. In this new design the prevention of collapsing is
achieved similar to an Indian tent, i.e., the rigid supports
lean on each other 162 when the valve is closed but do
not interfere in opening 164 when the valve is open.
[0111] Figures 13ato 13c illustrate the manufacturing
of a valve assembly. At first a polyurethane thread line
170 is fed from a PU supply 172, and coiled around a
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cylindrical drum 174 to form coil 176. Then, drum 174
with coil 176 is dipped in a PU bath 177, and a second
layer 178 of the PU coats coil 176, making it a stronger
construction capable of withstanding tearing forces both
laterally and in other directions. Incorporating two differ-
ent types of materials - suchas PUand PET - may render
greater durability and endurance to the valve assembly.
This material is an alternative material to be used in the
forging method shown in Figure 6.

[0112] Figures 14 to 14c demonstrate the incorpora-
tion of heavy metal markers on the stent, which markers
allow observation and thereby adjustment of orientation
while placing the device in the required location. Heavy
metals are radiopaque, that is, they are conspicuous on
an angioscopicimage, whichisatwo-dimensional image.
Since the coronary artery ostia 237 and 238 are located
near the typical valve deployment location and must stay
open, it is extremely important to make sure that the de-
ployed valve assembly is not blocking a coronary ostium.
In some cases the stent is lower than the ostium and in
those cases it will stay open, butin some cases as shown
in these figuresit is necessary to make sure that the stent
portion 239 that is connecting the valve supports 235 is
opposite the coronary ostia, and in that way the blood
supply is preserved through the stent struts. Two heavy
metal markers 232 are attached at the outlet side, one
marker 230 at the inlet side. It is possible to adjust the
angiogscopic view to the plane of the left coronary as
shown in Figure 14b and anatomically locate the other
accordingly. If the two upper markers 232 are placed in
the radiographic two dimensional image, one on top of
the other, and the low marker 230 on the opposite side,
we make sure that the coronaries are open to blood flow
as seenin Figure 14¢. Gold, platinum, iridium or tantalum
are all biocompatible materials suitable for the markers
described above.

[0113] Figures 15a to 15¢ illustrate a valve with a por-
tion of radio-opaque material 267 such as a thread of
gold at the sealing edge. When a valve is implanted, it is
very important to have clear indications of how the valve
is functioning in vivo; pressure measurements, flow vis-
ualization, and doppler measurements are utilized. It is
also possible to examine the valve by ultrasound meth-
ods, however, observing the opening and closing of the
valve cusps on a monitor. Fig. 15b is an angiographic
image 268 of the open valve, while image 169 in Figure
15¢ is the closed position as seen on the angiogram.
[0114] Figures 16ato 16cillustrate a procedure, which
helps in placing the device in the longitudinal position. It
is very important to place the device in the correct longi-
tudinal position, for if it is too deep in the left ventricle it
may interfere with the mitral valve function by improper
closing or function of the valve. Ifit is positioned too high
it may migrate, it may leak via the sinus cavities, which
are located around it, and/or it may block the coronaries.
It is a necessary task to position the valve prosthesis in
a narrow target location. In Figure 14 a method of lateral
orientation placement is shown, and Figures 16a to 16¢
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illustrate a longitudinal positioning. The valve device (the
valve assembly and the support stent} is placed on an
inflatable balloon catheter, comprising double independ-
ently inflatable chambers 303, 305, and is inserted into
the left ventricle 302 in the crimped position and guided
over a guiding stylet or guide wire 300. The balloon, which
is larger than the annulus diameter when inflated, is in-
flated in the left ventricle 302, and then the whole device
is pulled slightly backwards. The balloon is supported on
the inner part of the annulus 303, allowing positioning of
the device in the exact desired position. In addition, it
temporarily blocks the blood flow, and that improves the
ability to hold the device in place while inflating it. The
next step is inflating the second balloon 305, which de-
ploys the valve device in the desired location.

[0115] The method for deploying an implantable pros-
thetic valve device at the natural aortic valve position at
the entrance to the left ventricle of a myocardium of a
patient, as depicted in Figures 16a, 16b and 16¢, com-
prises the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c} providing a deployable implantable valve pros-
thesis device adapted to be mounted on the second
inflatable portion of the balloon catheter

(d) guiding the balloon catheter through the patient's
aorta using the guiding tool, the valve device mount-
ed over the second inflatable portion of the balloon
catheter until the first inflatable portion of the balloon
catheter is inserted into the left ventricle, whereas
the second inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;

(e) inflating the first inflatable portion of the balloon
catheter so as to substantially block blood flow
through the natural aortic valve and anchor the distal
end of the balloon catheter in position;

(f) inflating the second inflatable portion of the bal-
loon catheter so as to deploy the implantable pros-
thetic valve device in position at the natural aortic
valve position;

(g) deflating the first and second inflatable portions
of the balloon catheter; and

(h) retracting the balloon catheter and removing it
from the patient's body.
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[0116] Figure 17 describes a positioning of a valve de-
vice 310 using an additional deployable stent 320. There
are several problems that may be encountered while de-
ploying the stent and valve in the aortic valve location:
blockage of coronaries may occur that is dangerous if
the diameter of the stentis similar to that of the coronaries
aortic root 309. Secondly, migration of the whole device
may also occur, which is a dangerous possibility, and
there is the procblematic challenge of exact positioning of
the valve device that is very difficult to accomplish, as
already explained. The newly special designed device
with a double diameter inflatable ballcon and double stent
design allows placement of the device in a way that cor-
onaries will not be blocked because of a safe difference
that is kept between the diameters, longitudinal placing
is less sensitive because of the small diameter which
ensures prevents over expansicn of the valved prosthe-
sis. The distal stent 320, which contains no valve, is ex-
panded into the ascending acrta, while the proximal stent
310is placed simultaneously in the annular position. This
placement method is less challenging due to the smaller
diameter of the proximal stent 310 which ensures that
the mitral valve is not deformed by over-expansion as
the dimensions are preserved, and the additional stent
decreases the risk of device migration. It is safer to over
dilate in the aorta, which is not true for the annulus.
[0117] The method for deploying an implantable pros-
thetic valve device at the natural aortic valve position at
the entrance to the left ventricle of a myocardium of a
patient, as depicted in Figures 17a and 17b, comprises
the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b} providing a guiding tool for guiding the ballcon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the first in-
flatable portion of the balloon catheter, and a deploy-
able annular stent device adapted to be mounted
over the second inflatable portion of the balloon cath-
eter, the deployable implantable valve prosthesis de-
vice and the deployable annular stent kept at a pre-
determined distant apart;

(d} guiding the balloon catheter through the patient’'s
aorta using the guiding tool, the valve device mount-
ed over the firstinflatable porticn of the balloon cath-
eter and the deployable annular stent mounted over
the second inflatable portion of the balloon catheter,
until the first inflatable portion of the balloon catheter
is positioned at the natural acrtic valve position;
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(e) inflating the second inflatable portion of the bal-
loon catheter so that the deployable stent device is
deployed within the aorta thus anchoering the deploy-
able annular stent and the coupled valve device in
position;

(f) inflating the first inflatable portion of the balloon
catheter so as to deploy the implantable prosthetic
valve device in position at the natural aortic valve
position;

(g) deflating the first and second inflatable portions
of the balloon catheter; and

(h} retracting the balloon catheter and removing it
from the patient’s body. Figures 18a and 18b illus-
trate an accessory crimping device that is adapted
to crimp a valve device in the operating theater as
part of the implantation procedure. The crimping de-
vice 330 comprises several adjustable plates that
resemble a typical SLR camera variable restrictor. It
is comprised of simultanecusly movable plates 332
each provided with a blade 334, that are equally dis-
persed in a radial symmetry but each plate moves
along a line passing off an opening in the center, all
plates equidistant from that center opening 336. In-
itially (see Figure 18a) the plates are drawn apart
providing a large enough opening for the implantable
valve to be positioned within that opening. When the
plates are drawn towards the center (see Figure
18b), the opening 336 reduces in size but still retains
the annular shape, and this facilitates the crimping
of the valve frame to a small dimension suitable for
percutanecus positioning.

[0118] Figures 19a depicts a crimping method for the
support stent of the valve prosthesis device, whereby
stent 340 is crimped, that is, compressed or curled. In
Figure 19b a crimping device 343 is shown, comprising
a body having an annular void in which an expanded
stent is positioned. Lever 346 is connected to the end
347 of the stent and as the lever is pulled the stent is
curled or compressed about axle 345 intoc a compressed
position 349 (Figure 19c).

[0119] Figures 20a and 20b depict a valve made of a
simple tube mounted to a stent 352. During systole period
the tube is fully open and during diastole period the tube
collapses according to the mounting gecmetry 357 and
achieves sealing.

[0120] Figure 21 describes a newly designed support
stent 360 in its open positicn. Three of the longitudinal
struts 362 are full and thick and always stay with their
original constant size, serving as anchoring support.
Each of these struts 362 is provided with a plurality of
bores 364, which are later used for mounting the valve
assembly {not shown) and tying it to stent 360. Between
struts 362 a web-like construction is provided, which is
capable of being crimped to a narrow state and capable
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of being deployed again to a wider state.

[0121] Figure 22 illustrates another implantable pros-
thetic valve. It comprises a metal tube 370, having three
portions with a thicker wall 371 than in the rest of the tube
370, these areas form the longitudinal columns 372 in
the construction, after the tube is cut to its final form. The
advantage of such a construction is in its superior bend-
ing strength, in specific required portions of the construc-
tion, with minimal interference to the crimped volume of
the whole construction.

[0122] Figure 23ato 23¢ depict a method of manufac-
turing an artificial or biological crimpable valve device. A
piece of fabric material 370 (Fig. 23a), is dipped in PU to
create a portion which is later formed into valve leaflets
371 (Fig. 23b). This composite material 371 is then at-
tached to an additional piece of fabric such as PET 372
by means of stitching, suturing or other attaching tech-
nique 373 (Fig. 23c). The resulting fabric 375 is cut along
stitching line 373 leaving enough material to later suture
the valve assembly to the support construction. It is then
formed to a tubular shape and stitched 374 (Fig. 23d).
The tubular valve is then attached to a support construc-
tion 380 by suturing the bottom part around the valve 379
tightly to prevent leakage, and around the cut fabric line
376 (Fig. 23e). This open wall structure 378 allows blood
flow to the coronary arteries. The valve is later placed
with the coronary artery between the support columns
385. Additional variations of this can be made by replac-
ing the composite material 371/370 with a biological
patch such as a suitable pericardium patch. In some cas-
es it is possible to make the same valve without cutting
the fabric 372 with the shaped cut 378, and by that create
a valve with an outer tubular shape. The embodiment of
Figs. 23a to 23c is easy to manufacture as it is generally
flat throughout most of the production process and only
at the final stage of mounting on the support stent is it
given a three-dimensional form.

[0123] Reference is now made to Figure 24a illustrat-
ing a frame of an implantable prosthetic valve having
means for mounting valve leaflets that can form a tricus-
pid valve. Figure 24a depicts an isometric view of the
frame and Figure 24b depicts a cross sectional view of
the means for mounting valve leaflets 430 in detail. A
frame 420, which is suitable for crimping and expanding,
has three support beams 422 for mounting leaflets posi-
tioned substantially symmetrically about the circumfer-
ence of the frame. Frame 420 is shown in Figure 24a in
its deployed state. Support beam 422 has a "U" shaped
lateral cross section, or profile {(shown clearly in Figure
24b) that is designed to attach to a commissure of the
valve structure. The "U" shape can be produced by ex-
trusion, wire cutting or by welding the "U" profile to the
frame’s struts 421 at junction points 424. Support beam
422 is provided with a series of bores 425 positioned
alongits back wall. Bores 425 are designated for stitching
the valve assembly by threads, wires, or other attaching
means.

[0124] Figure 24bis a detailed cross-sectional view of
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one of the support beam 422. Two pericardial leaflets
430 are inserted through a U-shaped, or forked holder
428 that compresses and restricts the leaflets in the U-
shaped profile. Leaflets 430 are folded to both sides of
the support beam 422. When holder 428 is compressed
toward the support beam 422, leaflets 430 are caughtin-
between holder 428 and support beam 422 so that the
leaflets are kept in place. Figure 24¢ is an exploded view
of the holder, bar 426 has a series of bores compatible
for attachment to the frames support beam 422, attach-
ment being achieved by suture 423 or any other attach-
ment means. This attachment method allows attaching
the leaflets to the frame without puncturing it with sutures
and needles. Itis also important that the leaflets are firmly
held in place by the holder 428 so that it has no relative
movement in respect to the rigid frame; hence avoiding
wear due to movements. Leaflets that are made from
pericardium are known to better withstand inner move-
ments and stresses and less to wear by movement
against rigid, hard or sharp bodies.

[0125] It is noted again that the entire valve structure
is adapted to be radially crimped and radially expanded.
This feature imparts the valve with the ability and ease
to navigate through narrow passages in the vasculature
during positioning of the device. After final positioning of
the valve, the valve is deployed. This is made possible
by the provision of a collapsible support frame structure.
However, the length of the attaching means {the height
of the valve) remains at all times constant; thus suitable
for serving as the pliable valve assembly’s anchorage.
The leaflets are attached to the support frame at the at-
taching means, and due to their constant length there is
no need for slack material as these attachment points
that remain at constant distances regardless of the po-
sition of the valve assembly (crimped or deployed). This
is an important feature for this means that the manufac-
turer of the valve device can make sure the valve assem-
bly is secured and fastened to the support frame at all
times. In prior art implantable valve devices, the entire
support structure changes its dimensions from its initial
first crimped position to final deployed position and this
means that in the attachment of the valve leaflets to the
support structure one must take into consideration these
dimension changes and leave slack material so that upon
deployment of the device, the valve assembly does not
tear or deform. Inthe valve device of the presentinvention
there is no relative movement between the valve leaflets
and the support beams (along the longitudinal central
axis of the device). As a result, the valve device of the
present invention acquires greater durability and is ca-
pable of withstanding the harsh conditions prevailing
within the vasculature and especially the millions of cy-
cles of stress applied by the blood pressure.

[0126] The fixed attachment of the valve leaflets to the
support frame in the valve assembly device of the present
invention renders it greater stability, enhanced safety,
better sealing and consequently longerlifespan. The nov-
el design of the valve device of the present invention
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renders it longitudinal strength and rigidity whereas its
collapsible support structure renders it radial flexibility.
[0127] Figures 25a to 25d illustrate an implantable
prosthetic valve. Figures 25a and 25b depict an isometric
view and an upper view of the valve assembly, respec-
tively and Figures 25¢ and 25d illustrate upper views of
two optional constructions for the means for mounting
leaflets. Pericardial leaflets 430 are mounted on a de-
ployable support frame 432. The frame is preferably
made of three segments that form a circular support
frame when assembled (Figure 25b). Pericardial leaflets
430 are attached to deployable support frame 432 along
three substantially equidistant and substantially parallel
beams 440, which are integral parts of support frame
432. Leaflets 430 are attached to support frame 32 at
support beams 440 by suturing 44¢€ leaflets 446 to sup-
port beams 440 through bores 442 in beams. The frame
segments that are preferably made from stainless steel
are pre-shaped 432 and can be formed in different ways.
Figure 25cillustrates support frame segments 432a hav-
ing beams 435a pointing inwardly. Figure 25d illustrates
support frame segments 432b having beams 435b that
are cutwardly peinting. The advantages of this technique
are the possibility to manufacture the frame segments
from sheets (as opposed to tube) and the ease of as-
sembly of the frame segments with the pericardial leaf-
lets.

[0128] Figures 26a to 26¢ illustrate a tricuspid valve
provided with a self-expandable frame. Figure 26a is an
isometric view of an implantable prosthetic valve 430
mounted on a self-expandable frame 445. Implantable
prosthetic valve 430 comprised of three valve leaflets is
mounted on self-expandable frame 445 so thateach leaf-
let extends along an equidistant portion of the frame and
is sutured at both opposite sides to substantially equidis-
tant and substantially parallel beams 440. By using a
tapered tube 448 the whole assembly is crimped intc a
restriction tube 449. Figure 26b shows the crimped valve
assembly 447 in its final crimped diameter ready for in-
sertion to the body. After insertion into the desired loca-
tion in the body the valve is released from the restriction
tube and as it is made of self expandable material (like
a shape-memory alloy), it expands back to the original
diameter and is anchored in place. In order tc reduce the
diameter of the device from its fully expanded diameter
to its crimped diameter a special tapered tube is used,
shown in Figure 26c.

[0129] Figure 27 illustrates an isometric view of an im-
plantable prosthetic valve having hooks designated to
anchor the valve assembly to body ducts. Animplantable
prosthetic valve 450 is placed in a natural aortic valve
position 452. Implantable prosthetic valve 450 comprises
preferably three leaflets 430 mounted on a metallic sup-
port frame 455. The lower part of support frame 455 is
provided with attachment means, preferably with hooks
453. Hooks 453 assures that the valve assembly stays
in place after deployment, and cannot migrate to another
position.
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[0130] Figure 28 illustrates a partial view of an implant-
able prosthetic valve. The commissural attachment is
shownin details. This figure demonstrates an attachment
technique that is used in order to attach pericardium leaf-
let 430 to a metallic frame 420. A longitudinal bar 456
having a narrow slit 457 is used as the commissural at-
tachment so that extensions 463 of pericardium leaflet
430 are tightly inserted through slit 457. Pericardium ex-
tensions 463 that are extended beyond slit 457 are
wrapped about a rigid bar 458 that acts as an anchoring
means. Every two extensions criginating from two sides
of slit 457 are sutured to each other by a suture 459 at
the side of rigid bar 458 opposite the slit An additional
suture 462 attaches the bottom circumference of support
frame 420 to leaflet 420 in order to obtain sealing. The
advantages of the described attachment are that no su-
tures or suture holes are applied in the leaflet working
area, there are no concentrated stress points similar to
stress point caused by suturing, and the force distribution
is along the longitudinal bar 456. The narrow passage
that is maintained through slit 457 forces the leaflets to
be static in respect to the support so as to reduce abra-
sion.

[0131] The embodiments that will be shown herein af-
ter are optional configurations of attachment between the
leaflets and the suppeort frame.

[0132] Figures 29a and 29b illustrate anisometric view
and an upper cross sectional view, respectively, of an
attachment assembly of a valve’s frame to leaflets. The
attachment is similar in principle to the attachment shown
in Figure 28, however, longitudinal bar 456 is further pro-
vided with an additional pole 465 that is attached tc lon-
gitudinal bar 456 so as to establish anintegral part. Pole
465 is rounded so as to make sure the leaflets will not
be abraded or cut by sharp corners. In the cross sectional
view shown in Figure 29b, adjacent leaflets 460 can be
seen compressed together and the main protection goal
is clearly shown.

[0133] Figures 30a to 30c illustrate an isometric view,
a cross-sectional view and a flatten view, respectively,
of an attachment assembly of a valves frame tc leaflets.
Using the method demonstrated in Figures 30a to 30¢,
the pericardial leaflets are pre-cut to the desired shape
430 and are provided with longitudinal bars 470 that are
sutured to the leaflets creating a longitudinal clamping
effect (Figure 30c). This allows distribution of forces
along the whole length of the attachment means as op-
posed to concentrating the stresses in suture holes. In
Figures 30a and 30b, an additional rigid portion 458 is
added, creating a round ending, which prevents the leaf-
lets from being bent drastically at the attachment point
to portions of the frame 420. The attachment to frame
420 is performed using sutures 459.

[0134] Figures 31aand 31billustrate an exploded view
and an isometric view, respectively, of a commissural
attachment depicting the attachment technique. A meth-
od of assembling pericardial leaflets 430 to a frame 420
is demonstrated. A rigid bar 476 provided with integral
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protrusions 478 is inserted through bores 479 that are
pre-cut in pericardial leaflets 430. Integral protrusions
478 pass through a sheet of preferably PET (braided pol-
yester) fabric 475, and finally through bores 442 that are
provided in longitudinal bar 440 (the attachment means)
of frame 420. After the assembling of the parts, as shown
in Figure 31b, the parts are tightly assembled and bar
protrusions 478 are attached to bar 440 by welding, riv-
eting or any other technique. The PET sheet475is folded
and sutured tightly around bar 476 using suture 472.
[0135] Figures 32a to 32¢ illustrate an isometric view
of an attachment between leaflets and the frame. An op-
tional method of attachment is demonstrated, in which a
pericardium leaflet 430 and bars 480 are sutured in an
area far as possible from the working area of the leaflets.
The pericardium is first sutured using a suture 484 to bar
480 as seen in Figure 32b, and then folded and com-
pressed. In order to firmly hold the pericardial leaflets in
place between bars 480, an integral connecting member
482 connects the two bars, allowing the bent portions of
the bars to be in parallel position, with the leaflets caught
in between. Then, an additional suture 483 connects the
bottom side of the bar to the leaflets so that while the
valve is working, the leaflets do not bear high stresses.
[0136] Figures 33a to 33d illustrate different views of
portions of an attachment between a pericardium and a
frame demonstrating another method of attachment. A
connecting member 490 (shown in a deployed position
in Figure 33d} is used to connect two pericardial leaflets
492 at the line of the commissurel. After being connected
between them, pericardial leaflets 492 are being con-
nected to frame bar 480. Here again, the principal of com-
pressing the leaflets between two bent portions bars 491
of connecting member 490 and tightening them using
suture 484 without punctures in the working areas of the
pericardium is applied. However, connecting member
490 is provided with a portion 493 that is positioned per-
pendicular to the two bent portions bars 491 that holds
the two leaflets together. Portion 493 is the connecting
member to frame’s bar 480. In Figure 33a, the junction
point 495 between the portions of connecting member
491 is placed at the upper part {outlet} of the frame so
as to achieve a rigid connection to the frame. In Figure
33b, junction point 495 is placed at the bottom part {inlet)
of the frame so that the junction point also functions as
a spring. Comprehensive explanation of the benefits of
springs in commissures is discussed and shown in re-
spect with Figures 37 to 39.

[0137] Figures 34a to 34c illustrate an isometric view
of an attachment between a pericardium and a valve
demonstrating another method of attachment. In Figures
34b and 34¢, a deployed portion and the folded portion,
respectively, are shown. An optional design for the at-
tachment between the frame and the leaflets is depicted.
A connecting member 480 {shown clearly in Figure 34b)
is being produced into a flat configuration using laser-
cutting. Connecting member 480, which is a part of the
frame’s attachment means, is bent and then is ready for
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assembly with the leaflets. Connecting member480 com-
prises the main body as well as a connection bar 497
and a flexible element 498 allowing flexibility to the com-
missural. Leaflets 430 are threaded through correspond-
ing holes 481 in the structured connecting member 480
and are sutured using a suture 482.

[0138] Reference is now made to Figures 35a, 35b,
and 35¢ illustrating isometric and cross-sectional upper
views, respectively, of attachment techniques between
a pericardium leaflet and a valve’s frame. Figures 35b
and 35¢ depict different techniques of commissural at-
tachments: in Figure 35b two pieces of pericardial leaflets
500 are wrapped around a metallic member 505 that is
connected to a frame 501. Rigid members 503 are posi-
tioned from both sides of metallic member 505 and then
tightened together and connected by a suture 502. All
metallic pieces are wrapped by PET fabric 508 in order
to avoid direct contact between the metallic pieces and
the delicate pericardial leaflets. The advantage of this
structure is that after tightening the suture, the whole
commissure becomes static with no relative movement
between the portions. This improves the valve assem-
bly’s resistance to abrasion. In addition, there are no nee-
dle holes or sutures in the working area. Figure 35c de-
picts a similar structure, however, there is no use of rigid
sidebars. After wrapping the metallic member 505 with
pericardial leaflets 500, a piece of PET 508 is used for
tightening it to a tight bundle. In this case, the suture line
502 is the borderline of the working area so it should be
designed so that stresses are in the best possible distri-
bution.

[0139] Figures 36a and 36b focus on the connection
of the commissural assembly to frame’s protrusion 509,
which is an integral part of the frame and is the basis for
the commissural attachment. This example shows the
use of four rigid longitudinal bars 503 connected by a
suture 502.

[0140] Figures 37ato 37cillustrate a commissural as-
sembly where the connecting bar functions as a flexible
support and has integral attachment means to the frame.
Figure 37k is an isometric view of the connecting bar.
Connecting bar 520 is flexible and comprises a resilient
material shapedina "U" shape. Connecting bar 520 is a
part of commissural assembly 527 shown in Figure 37a.
Connecting bar 520 is provided with protruding elements
521 that are acting as the means of attachment to the
frame’s bar 480. Protruding elements are designated to
be inserted in corresponding bores 442 in bar 480. It is
optional to provide rods 527 which are integral parts of
the "U" shaped member and replace the suture 526 that
connects the pericardium leaflet and the connecting bar
together, which is shown in Figure 37a. Figure 37c de-
picts another method of attaching the flexible connecting
bar 520 to the frame 480 by means of welding 523. Here
the pericardial leaflets 500 are attached to the connecting
bar 520 by suture 526 inserted through a PET fabric 508
and two connecting bars 503, which together create a
tight bundle.
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[0141] Figures 38a to 38g illustrate isometric views of
flexible commissural supports and the method of attach-
ing them to a pericardium and a frame or valve. Figures
38a to 38c demonstrate incorporation of different design
options of commissural springs. The main purpose of a
commissural spring is to reduce the impact applied to the
pericardial leaflets when the valves leaflets are closed.
If the structure is of a rigid nature, high stress will be
applied each time the valve closes. If a spring is added
to the structure, the spring will bear the highest portion
of the impact, thus reducing the stress applied to the leaf-
lets during the time the valve is closed. In Figure 38a, a
simple stainless steel spring 530 is connected to frame’s
bar 480 by threading a portion of the spring into slot tabs
538 as shown in more detail in Figures 38e and 38f. In
Figure 38b, there is a similar spring 530 with leaflets 500
connected to it by one of the attachment methods, the
commissural support itself 530 is connected to the
frame’s bar 480 by spot welding, laser welding or cther
attachment means. Figure 38c depicts a similar spring
534 having an additional spiral. The purpose of such a
spiral is to reduce stress in the spring and to allow the
fatigue requirements, which in the case of heart valves
are of at least 200 million cycles.

[0142] Figure 38dillustrates anisometric view of a flex-
ible commissural support demonstrating the attachment
of the pericardium to the support. Figures 38e to 38g are
the details of the attachment to the frame. A commissural
spring of a different design 539 comprises a stainless
steel wire of a small diameter in respect with the springs
described in Figures 38a to 38c. One advantage of this
structure is the distribution of stresses in the spring and
the ability to form a structure, which can be crimped to a
small diameter. Another advantage in this structure is
that there are no open edges of the spring, which can be
dangerous when operated; the open edges are protected
in the frame’s bar as shown in Figures 38e to 38g, which
show possible attachment methods of the spring to the
frame. In Figure 38e, a frame’s flat bar 480 has slots 531
cut to form slot tabs 538 for crimping the spring 530.
Figure 38f shows pre-bending of the slots 527 and Figure
38g shows the spring legs 539 assembled firmly into the
slot tabs 538.

[0143] Figure 39a illustrates a technique of commis-
sural assembly using a shaped compressing member
511. The compression member 511 holds pericardial
leaflets 500 firmly while pressing it in the pivot points 513.
Aradial edge 514 is made in order to protect the pericar-
dium from abrasion. The whole assembly is held tightly
inside the compressing member 516. The commissural
assembly is connected to the frame by protrusion mem-
ber 518, which fit bores in the frames bar 480. Figure 39b
is an isometric view of the same detail.

[0144] Figures 40a to 40c¢ illustrate an isometric view
of a bicuspid valve mounted on a frame. Figures 40b and
40c depict a cross-sectional side view and an isometric
view, respectively, of the pericardium that is sutured to
a PET tube in the form of pockets. The valve assembly
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(in this case bicuspid) comprises a crimpable frame 540,
two pericardial leaflets 545, a PET skirt 543 and a con-
necting suture 547. The focus in this drawing is on the
pocket shape of the pericardium leaflet shown best in
Figures 40b and 40c. One of the main goals in valve
design, in general, is tc distribute the stresses in a ho-
mogencus way in the pericardium material and the at-
tachment areas. The design of the pericardium leaflet as
a pocket assists in distributing the stresses along suture
line 547; pericardium leaflet 545 is sutured to PET skirt
543 aleng connecting suture 547. PET skirt 543 is sutured
to the circumference of crimpable frame 540 at the bottom
side 549 and at the top 542 using one of the commissural
attachments that are described herein before regarding
other embodiments. When hydrodynamic pressureis ap-
plied on leaflets 545, the leaflets will meet in the center
546 of frame 540 s¢ as to seal the valve assembly. The
shape of the leaflets in the valve assembly is determined
by the boundary conditions, which in this case are the
suture lines. The suture lines can be designed to have
an optimal shape regarding the stress distribution in ac-
cordance with geometrical restrictions.

[0145] Reference is now made to Figures 41a to 41d
illustrating isometric views of an implantable prosthesis
tricuspid valve. Figure 41aillustrates valve assembly 553
in an open state. Valve assembly 553 comprises a frame
555 (rigid or crimpable}, pericardial leaflets 550 and bars
551. Itis emphasized that in the shown embodiment, the
goal is to distribute the stresses on the commissural ar-
rangement in an optimal way. Pericardial leaflets 550 are
attached to bars 551 that act as attachment means. The
attachment means are positioned at the top third of the
valve; the bottom circumference is attached to the frame
in order to obtain full sealing. The middle part of the peri-
cardium is left slack. The pre-cut pericardium is cut in
greater dimensions than the frame; e.g., the height of the
pericardium leaflet is greater than the height of the frame,
for example, if the frame heightis 15 mm, the pericardium
will be cut to a height of 18 mm so as to establish a slack
portion in the middle area of the valve assembly 553.
Figure 41b depicts the valve assembly in a closed state.
The slack portion of the pericardium collapses toward
the middle while creating a small pocket shape 554,
which assists in the stress distribution. Figure 41¢ shows
the detailed commissural and the short bar attachment
as well as the circumference sealing area at the bottom
porticn of the pericardium assembly. It is shown in the
figures that bars 551, which are relatively short, allow
firm attachment of the top portion of the commissural,
slack portion in the middle, and a good sealing surface
at the bottom portion 556.

[0146] Referenceis now made toFigures42aand42b
illustrating an isometric view of animplantable prosthetic
valve having a different commissural attachment. Figure
42b depicts the attachment in details. In the valve shown
in Figure 42a, similar valve assembily is illustrated, while
the short bar is arranged in a manner that is similar to
the structure shown in Figure 28 and described herein
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before. Relatively short bars 559 act as the attachment
means to the frame bar 558. Suture 557 attaches short
bars 559 to a member 558, the suture can be made from
an elastic material so that to add flexibility to the com-
missures and to render the valve assembly the benefits
already explained herein.

[0147] Reference is now made to Figures 43a and 43b
illustrating an isometric view of an implantable prosthetic
valve. Figure 43a depicts commissures that are pre-su-
tured in a tapered shape. The valve assembly shown in
Figure 43a comprises a frame 560, pericardial leaflets
583, and attachment means 561. Pericardial leaflets 563
are shown to be in an open state so as to establish an
open valve assembly while dashed lines 565 show the
valve in a closed sealed state. The attachment to the
commissures can be performed using one of the ex-
plained techniques. Specifically to the valve shown in
Figures 43a and 43b, the focus is on the formation of a
tapered valve in which the attachment means is in the
shape of long bars 561 that are attached to the pericar-
dium in an angular way in apposition to the parallel at-
tachment. Attaching the bars in an angular way when the
pericardium is flattened will create a tapered tube when
built up to the three dimensional shape. When the whole
prosthetic valve is inflated by a balloon, the pericardium
leaflet, at the top circumference of the frame, is stretched
and the frame is expanded to the full diameter. After de-
flating the balloon, the frame stays in its expended size
but the pericardial leaflets regains their pre-stretched
shape. This process creates a permanent clearance dis-
tance 562 between the pericardial leaflets 563 and frame
580. This is of major importance in the protection of the
pericardium from abrading against the frame.

[0148] Reference is now made to Figures 44a to 44c
illustrating an isometric view of an implantable prosthetic
valve with additional pieces of PET used for sealing and
protecting the pericardium. The illustrated implantable
valve assembly resembles the valve shown in Figure 43,
however, it is emphasized that in the attachment of the
pericardial leaflets 570 to frame 575, there is use of PET.
Figure 44c shows in a cross-sectional view, the way the
PET is assembled to the pericardium and the frame in a
manner that protects the pericardium against wear. PET
571 and 572 are used for connecting pericardial leaflets
570 to frame 575, while they are assembled in between
the leaflets and the frame. A suture 577 connects peri-
cardium leaflet 570 in between two layers of PET, while
the inner layer of PET 572 is short and the outer layer is
longer. Bottom attachment suture 576, connects the
three layers, the leaflet and both PET layers to the frame
and forms a strong sealing line. An upper suture 578
connects the outer PET layer 571 to frame 575. When
the valve assembly closes and the pericardial leaflets
come closer to each other at the top of the assembly,
there is a tendency of the bottom attachment to move
and rotate about an attachment point 577. Upper suture
line 578 keeps the outer PET layer tight and prevents a
part of this rotational movement, which can rapidly cause
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an abrasion failure.

[0149] Figures 45a to 45d illustrate an isometric view
of animplantable prosthetic valve having leaflets sutured
to a pre-shaped PET tube and optional leaflet-tube at-
tachments in details. A novel technique of mounting peri-
cardial leaflets 580 to a pre shaped PET tube 585 is
shown. The tube is shaped so as to have a folding 586
with substantially sinusoid pattern 586 that is similar to
the optimal connection line of valve leaflets in the natural
valve. This shape allows the pericardial leaflets to be
sutured to the interior of the PET tube. The preferred
suturing techniques are shown in the cross sectional
views of PET tubes in Figures 45b, 45¢, and 45d. Gen-
erally, in order to protect the pericardial leaflets from tear-
ing, an additional piece 583 of PET is added below the
suture lines. Similar variations are shown in Figures 45¢
and 45d.

[0150] Reference is now made to Figure 48a illustrat-
ing an exploded view of an implantable prosthetic valve
assembly where the leaflets are mounted on a pre-cut
and pre-shaped tube and the outlet of the valve is cut in
a commissural shape. Figure 46a is view of the attach-
ment. A pre-shaped PET tube 590 is cut to have sub-
stantially sinusoidal shape 596 and then bent in order to
provide a suturing area. The pericardium leaflet 593 is
pre-cut and assembled to PET tube 590 by means of
suturing 502. In this case as well as in the former case,
an additional protective layer of PET or pericardium 594
is added. Figure 46k is a cross-section of the attachment
detail after being tightened

[0151] Figures47ato 47cillustrate a partial cross-sec-
tional side view of an inflating balloon. The balloon is a
part of an implantable prosthetic valve delivery system.
Figures 47b and 47c¢ are cross sectional upper views in
the inflated and deflated positions, respectively. The spe-
cially designed balloon shown in the figures preferably
comprises four inflating members, three substantially
identical and symmetrical sections 600 and a central sec-
tion 602. Pericardial leaflets 612 are positioned between
sections 600 and separate them. A frame 610 circles the
inflating members and a balloon shaft 619 that is posi-
tioned in the center of the delivery system while a com-
missural connection 613 connects pericardial leaflets
612 to frame 610. The inflated balloon sections 600 are
placed between frame 610 and pericardial leaflets 612
sothatwhen theinflating members areinflated, they push
leaflets 612 toward each other and frame 610 so as to
establish a fully closed position. This technique better
preserves the leaflets since there is no contact between
the leaflets and the frame besides in the commissural
connection. The preservation of the leaflets is even im-
proved in times of inflation as well as after inflating the
valve and establishing a closed position. In Figure 47a
the fourth inflating member of the balloon, central section
602 is clearly shown. Through central section 602, the
inlet 617 of the valve is inflated while the inflated central
section assures that the whole valve is fully inflated to
substantially round shape. Figure 47¢ shows the assem-
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bly in a crimped position. Frame 610 is crimped and sec-
tions 600 are deflated. Pericardial leaflets 612 are also
shown in a crimped configuration.

[0152] Figures 48a and 48b illustrate a partial cross-
sectional side view and an upper cross sectional view of
an inflating balloon. The inflating balloon comprises of a
central inflating balloon 620 and three protection sheets
622. In the lateral cross-section shown in Figure 48b, the
parts of inflated assembly 625 are clearly shown, protec-
tion sheets 622 protects the pericardial leaflets 624 from
being pushed against the frame 625 when the device is
inflated. The advantage of this arrangement is in the pro-
tection of the pericardial leaflets.

[0153] The preferred embodiments representing an
implantable prosthetic valve in accordance with the
present invention are relatively easy to manufacture as
they are generally flat throughout most of the production
process and only at the final stage of mounting the other
elements of the valve assembly on the support frame, a
three dimensional form is established.

[0154] A typical size of an aortic prosthetic valve is
from about 19 to about 25 mm in diameter. A maximal
size of a catheter inserted into the femoral artery should
be no more than 8 mmin diameter. The presentinvention
introduces a device, which has the ability to change its
diameter from about 4 mm to about 25 mm. Artificial
valves are not new; however, artificial valves in accord-
ance with the present invention posses the ability to
change shape and size for the purpose of delivery and
as such are novel. These newly designed valves require
new manufacturing methods and technical inventions
and improvements, some of which were described here-
in.

[0155] As mentioned earlier, the material of which the
valve is made from can be either biological or artificial.
In any case new technologies are needed to create such
a valve.

[0156] To attach the valve to the body, the blood ves-
sels determine the size during delivery, and the require-
ments for it to work efficiently, there is a need to mount
it on a collapsible construction which can be crimped to
asmall size, be expanded to a larger size, and be strong
enough to act as a support for the valve function. This
construction, which is in somewhat similar to a large
"stent”, can be made of different materials such as Nitinol,
biocompatible stainless steel, polymeric material or a
combination of all. Special requirement for the stent are
a subject of some of the embodiments discussed herein.
[0157] The mounting of the valve onto a collapsible
stent is a new field of problems. New solutions to this
problem are described herein.

[0158] Another major aspect of the design of the valve
of the present invention is the attachment to the body.
[0159] Inthe traditional procedure the valve is sutured
in place by a complicated suturing procedure. In the case
of the percutaneous procedure there is no direct access
to the implantation site therefore different attachment
technigues are needed.
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[0160] Another new problem that is dealt herein is the
delivery procedure, whichis new and unique. Positioning
of the device in the body in an accurate location and
orientation requires special marking and measuring
methods of the device and surgical site as was disclosed
herein.

[0161] Artificial polymer valves require special treat-
ment and special conditions when kept on a shelf, as well
as a special sterilization procedure. One of the conse-
quences of the shelf treatment is the need to crimp the
valve during the implantation procedure. A series of de-
vices and inventions to allow the crimping procedure are
disclosed herein.

[0162] It should be clear that the description of the em-
bodiments and attached Figures set forth in this specifi-
cation serves only for a better understanding of the in-
vention, without limiting its scope as covered by the fol-
lowing claims.

[0163] It should also be clear that a person skilled in
the art, after reading the present specification could make
adjustments or amendments to the attached Figures and
above described embodiments that would stillbe covered
by the following claims.

Claims

1. A valve prosthesis device (20) suitable for implanta-
tion in body ducts, the device comprising:

an expandable support frame (22) comprising a
deployable construction adapted to be initially
crimped in a narrow configuration suitable for
catheterization through the body duct to a target
location and adapted to be deployed by exerting
substantially radial forces from within by means
of a deployment device to a deployed state in
the target location, the support frame being pro-
vided with a plurality of longitudinally rigid sup-
port beams {23) of fixed length; and

avalve assembly (28) comprising a flexible con-
duithaving aninlet (24} and an outlet (26), made
of pliant material (29) attached to the support
beams (23) providing collapsible slack portions
of the conduit at the outlet (26),

whereby when flow is allowed to pass through
the valve prosthesis device (20) from the inlet
{24) to the outlet (26) the valve assembly (28}
is kept in an open position, whereas a reverse
flow is prevented as the collapsible slack por-
tions of the valve assembly (28) collapse inward-
ly providing blockage to the reverse flow,
characterized in that

the support beams (23) are provided with bores
{25, 42) and

the valve assembly {28} is stitched to the support
beams (23} with thread or fiber (46) through the
bores (25, 42).
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The prosthetic device of Claim 1, wherein the inlet
(24) of the valve assembly (28) is attached to the
support frame (22).

The prosthetic device of Claim 1, wherein the pliant
material (29} is provided with longitudinal bars at-
tached to the pliant material at positions assigned
for attachment to the support frame (22}, in order to
prevent localized stress from forming.

The prosthetic device of Claim 1, wherein the pliant
material is sutured leaving the slack portions free of
sutures.

The prosthetic device of Claim 1, wherein the outlet
(26) is tapered with respect to the inlet (24).

The prosthetic device of Claim 5, whereinthe support
frame {22} at the outlet (26} is wider in diameter than
the pliant material (29) forming the outlet (26).

The prosthetic device of Claim 1, wherein the pliant
material {29) is reinforced using PET.

The prosthetic device of Claim 1, wherein the device
is incorporated with an angioplasty balloon.

The prosthetic device of Claim 8, wherein the balloon
has a central longitudinal axis that runs along a flow
path through the device, and a perimeter, the balloon
comprising four inflatable portions, one portion lo-
cated along a central axis and the other three located
on the perimeter, the pliant material in the form of
leaflets is distributed about the perimeter.

Patentanspriiche

Klappenprothesevorrichtung (20), die fiir die Implan-
tation in Kdrpergédngen geeignet ist, wobei die Vor-
richtung umfasst:

einen ausdehnbaren Statzrahmen (22}, der ei-
nen einsetzbaren Aufbau umfasst, der geeignet
ist, anfanglich zu einem schmalen Aufbau ge-
faltet zu werden, der zur Katheterisierung durch
den Kérpergang zu einem Zielort geeignet ist
und geeignet ist, mit Hilfe einer Einsetzvorrich-
tung durch Ausiiben vonim Wesentlichen radia-
len Kraften voninnen in einen eingesetzten Zu-
stand an dem Zielort eingesetzt zu werden, wo-
bei der Stiitzrahmen mit mehreren in Langsrich-
tung steifen Tragern (23) fester Lange versehen
ist; wobei der Stitzrahmen mit mehreren der
Lange nach steifen Tragern (23) fester Lange
versehen sind; und

eine Klappenanordnung (28), die einen flexiblen
Kanal miteinem Einlass (24) und einem Auslass
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{26) aufweist, die aus nachgiebigem Material
{29) besteht, das an den Tragern (23) ange-
bracht ist, die zusammenklappbare entspannte
Abschnitte des Kanals an dem Auslass (26) be-
reitstellen,

wobei die Klappenanordnung {28}, wenn zuge-
lassen wird, dass eine Strémung von dem Ein-
lass (24) durch die Klappenprothesevorrichtung
{20)zudem Auslass {26) strémt, in einer offenen
Position gehalten wird, wéahrend die Rickwarts-
stromung verhindert wird, da die zusammen-
klappbaren entspannten Abschnitte der Klap-
penanordnung (28) nach innen zuklappen und
eine Sperrung fiir die Riickstrémung bereitstel-
len,

dadurch gekennzeichnet, dass

die Trager (23) mit Bohrungen {25, 42} versehen
sind, und

die Klappenanordnung (28} durch die Bohrun-
gen (25, 42) mit Garn oder Faden mit den Tra-
gern (23) vernaht ist.

Prothesevorrichtung nach Anspruch 1, wobei der
Einlass (24) der Klappenanordnung {28) an dem
Stiitzrahmen (22) angebracht ist.

Prothesevorrichtung nach Anspruch 1, wobei das
nachgiebige Material (29) mit Langsstangen verse-
hen ist, die an Positionen an dem nachgiebigen Ma-
terial angebracht sind, die fir die Befestigung an
dem Tragerrahmen {22) zugewiesen sind, um zu
verhindern, dass sich eine lokalisierte Belastung bil-
det.

Prothesevorrichtung nach Anspruch 1, wobei das
nachgiebige Material vernaht ist, wobei die ent-
spannten Abschnitte frei von Nahten gelassen sind.

Prothesevorrichtung nach Anspruch 1, wobei der
Auslass (268) in Bezug auf den Einlass (24) konisch
zulauft.

Prothesevorrichtung nach Anspruch 5, wobei der
Durchmesser des Stiitzrahmens (22) an dem Aus-
lass (26) breiter als das nachgiebige Material (29}
ist, das den Auslass {28) bildet.

Prothesevorrichtung nach Anspruch 1, wobei das
nachgiebige Material (29} unter Verwendung von
PET verstarkt ist.

Prothesevorrichtung nach Anspruch 1, wobei die
Vorrichtung einen Angioplastieballon eingebaut hat.

Prothesevorrichtung nach Anspruch 8, wobei der
Ballon eine Mittellangsachse, die entlang eines Stré-
mungswegs durch die Vorrichtung verlauft, und ei-
nen Umfang hat, wobei der Ballon vier aufblasbare
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Abschnitte umfasst, einen Abschnitt, der sich ent-
lang einer Mittelachse befindet, und die anderen
drei, die sich auf dem Umfang befinden, wobei das
nachgiebige Material in der Form von Blattchen um
den Umfang herum verteilt ist.

Revendications

Un dispositif de valve prothétique (20) adapté aune
implantation dans des conduits corporels, le dispo-
sitif comprenant :

une armature de support extensible (22) com-
prenant une construction déployable adaptée
pour étre initialement rétréci dans une configu-
ration étroite adaptée en vue d’'une cathétérisa-
tion a travers le conduit corporel vers un site
cible et adapté pour étre déployée en exergant
des forces substantiellement radiales a partir de
Iintérieur au moyen d’'un dispositif de déploie-
ment vers un état déployé dans le site cible, I'ar-
mature de support étant dotée d’une pluralité de
montants de soutien rigides longitudinaux (23)
de longueur fixe, et

un ensemble de valve (28) comprenant un con-
duit flexible ayant une entrée (24} et une sortie
(26), constitué d’un matériau malléable (29} at-
taché aux montants de soutien {23) fournissant
des portions flasques affaissantes du conduit a
la sortie (26),

par lequel, lorsqu’un flux est amené a passer a
travers le dispositif de valve prothétique (20) de
I'entrée (24) vers la sortie {28), 'ensemble de
valve est maintenu dans une position ouverte,
tandis qu’un flux inverse est empéché du fait
que les portions flasques affaissantes de I'en-
semble de valve (28) se replient vers l'intérieur,
provoquant ainsi un blocage du flux inverse,
caractérisé en ce que les montants de soutien
(23) sont pourvus de perforations (25, 42) et
'ensemble de valve (28) est cousu aux mon-
tants de soutien (23} a l'aide de fil ou de fibre
(46) a travers les perforations (25, 42).

Le dispositif prothétique de la revendication 1, dans
lequel I'entrée (24) de I'ensemble de valve {28) est
attachée a I'armature de support (22).

Le dispositif prothétique de la revendication 1, dans
lequel le matériau malléable (29) est pourvu de bar-
res longitudinales attachées au matériau malléable
a des positions assignées a la fixation a 'armature
de support (22), afin d’empé&cher la formation d’'une
contrainte localisée.

Le dispositif prothétique de la revendication 1, dans
lequel le matériau malléable est suturé, les portions
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flasques etant laissées libres de sutures.

Le dispositif prothétique de la revendication 1, dans
lequel la sortie (26} est fuselée par rapport a l'entrée
(24).

Le dispositif prothétique de la revendication 5, dans
lequel 'armature de support (22) a la sortie {26) est
plus grande en diamétre que le matériau malléable
(29) formant la sortie (26}.

Le dispositif prothétique de la revendication 1, dans
lequel le matériau malléable (29) est renforcé au
moyen de PET.

Le dispositif prothétique de la revendication 1, dans
lequel le dispositif est intégré a un ballon d’angio-
plastie.

Le dispositif prothétique de la revendication 8, dans
lequel le ballon a un axe longitudinal central qui
s’étend le long d'une trajectoire de passage a travers
le dispositif, et un périmétre, le ballon comprenant
quatre portions gonflables, une portion située le long
d'un axe central et les trois autres situées sur le pé-
rimétre, le matériau malléable sous forme de folioles
est distribué autour du périmétre.
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Description

Field of the Invention

[0001] The presentinvention relates generally to med-
ical implants, and more particulardy to minimally-invasive
or collapsible/expandable heart valves and methods of
delivering and implanting such valves.

Background of the Invention

[0002] Prosthetic heart valves are used to replace
damaged or diseased heart valves. In vertebrate ani-
mals, the heart is a hollow muscular organ having four
pumping chambers: the left and right atria and the left
and right ventricles, each provided with its own one-way
valve. The natural heart valves are identified as the aortic,
mitral (or bicuspid), tricuspid and pulmonary valves.
Prosthetic heart valves can be used to replace any of
these naturally occurring valves, although repair or re-
placement of the aortic or mitral valves is most common
because they reside in the left side of the heart where
pressures are the greatest.

[0003] Where replacement of a heart valve is indicat-
ed, the dysfunctional valve is typically cut out and re-
placed with either a mechanical valve, or a tissue or bi-
oprosthetic-type valve. Bioprosthetic-type valves are of-
ten preferred over mechanical valves because they typ-
ically do not require long-term treatment with anticoagu-
lants. The most common bioprosthetic-type valves are
constructed with whole porcine {pig} valves, or with sep-
arate leaflets cut from bovine {(cow) pericardium.

[0004] Although so-called stentless valves, compris-
ing a section of xenograft (e.g., porcine) aorta and valve,
are available, the most widely used valves include some
form of artificial leaflet support. One such support is an
elastic "support frame,” sometimes called a "wireform”
or "stent,” which has a plurality (typically three) of large
radius U-shaped cusps supporting the cusp region of the
leaflets of the bioprosthetic tissue (i.e., either a whole
valve or three separate leaflets). The free ends of each
two adjacent cusps converge somewhat asymptotically
to form upstanding commissures that terminate in U-
shaped tips, each being curved in the opposite direction
as the cusps, and having a relatively smaller radius. The
support frame typically describes a conical tube with the
commissure tips at the small diameter end. This provides
an undulating reference shape to which a fixed edge of
each leaflet attaches (via components such as fabric and
sutures) much like the natural fibrous skeleton in the aor-
tic annulus. Therefore, the alternating cusps and com-
missures mimic the natural contour of leaflet attachment
Importantly, the wireform provides continuous support
for each leaflet along the cusp region so as to better sim-
ulate the natural support structure.

[0005] The support frame is typically a non-ferromag-
netic metal such as ELGILOY (a Co-Cr alloy) that pos-
sesses substantial elasticity. A common method of form-
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ing metallic support frames is to bend a wire into a flat
(two-dimensional) undulating pattern of the alternating
cusps and commissures, and thenroll the flat patterninto
a tube using a cylindrical roller. The free ends of the re-
sulting three-dimensional shape, typically in the asymp-
totic region of the cusps, are then fastened together using
a tubular splice that is plastically crimped around the
ends. See Figs. 3 and 4 of U.S. Patent No. 6,296,662 for
a support frame that is crimped together at a cusp mid-
point

[0006] Some valves include polymeric "support
frames" rather than metallic, for various reasons. For ex-
ample, U.S. Patent No. 5,895,420 discloses a plastic sup-
port frame that degrades in the body over time. Despite
some favorable attributes of polymeric support frames,
for example the ability to mold the complex support frame
shape, conventional metallic support frames are gener-
ally preferred for their elastic properties, and have a prov-
en track record in highly successfully heart valves. For
example, the CARPENTIER-EDWARDS Porcine Heart
Valve and PERIMOUNT Fericardial Heart Valve availa-
ble from Edwards Lifesciences LLC both have ELGILOY
support frames and have together enjoyed the leading
worldwide market position since 19786.

[0007] A conventional heart valve replacement sur-
gery involves accessing the heartinthe patient’s thoracic
cavity through a longitudinal incision in the chest. For
example, a median sternotomy requires cutting through
the sternum and forcing the two opposing halves of the
rib cage to be spread apart, allowing access to the tho-
racic cavity and heart within. The patient is then placed
on cardiopulmonary bypass which involves stopping the
heart to permit access to the internal chambers. Such
open heart surgery is particularly invasive and involves
a lengthy and difficult recovery period.

[0008] Some attempts have been made to enable less
traumatic delivery and implantation of prosthetic heart
valves. For instance, U.S. Patent No. 4,056,854 to Bo-
retos discloses a radially collapsible heart valve secured
to a circular spring stent that can be compressed for de-
livery and expanded for securing in a valve position. Also,
U.S. Patent No. 4,884,077 to Dobbin describes a disk-
shaped heart valve that is connected to a radially col-
lapsible stent for minimally invasive implantation.
[0009] Recently, a great amount of research has been
done to reduce the trauma and risk associated with con-
ventional open heart valve replacement surgery. In par-
ticular, the field of minimally invasive surgery (MIS} has
exploded since the early to mid-1990s, with devices now
being available to enable valve replacements without
opening the chest cavity. MIS heart valve replacement
surgery still typically requires bypass, but the excision of
the native valve and implantation of the prosthetic valve
are accomplished via elongated tubes or cannulas, with
the help of endoscopes and other such visualization tech-
niques.

[0010] Some examples of more recent MIS heart
valves are shown in U.S. Patent No. 5,411,552 to Ander-
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son, et al., U.S. Patent No. 5,980,570 to Simpson, U.S.
Patent No. 5,984,959 to Robertson, et al., U.S. Patent
No. 6,425,916 to Garrison, et al., and PCT Publication
No. WO 99/334142 to Vesely.

[0011] Although these and other such devices provide
various ways for collapsing, delivering, and then expand-
ing a "heart valve" per se, none of them disclose much
structural detail of the valve itself. For instance, the pub-
lication to Vesely shows a tissue leaflet structure of the
prior art in Fig. 1, and an expandable inner frame of the
invention having stent posts in Figs. 3A-3C. The leaflets
are "mounted to the stent posts 22 in a manner similar
to that shown in Fig. 1." Likewise, Anderson describes
mounting a porcine valve inside of an expandable stent
"by means of a suitable number of sutures to form the
cardiac valve prosthesis 9 shownin Fig. 2." Such general
disclosures stop short of explaining how to construct a
valve in a manner that maximizes long-term efficacy. In
particular, the particular means of attaching the leaflets
to the MIS stent is critical to ensure the integrity and du-
rability of the valve once implanted. All of the prior art
MIS valves are inadequate in this regard. Furthermore,
useof conventional support stents or wireforms is difficult
in MIS valves because of the need to compress the valve
into a relatively small diameter delivery package, which
creates material challenges.

[0012] Some MIS valves of the prior art are intended
to be used without removing the natural valve leaflets.
Sometimes the natural leaflets are heavily calcified, and
their removal entails some risk of plaque particles being
released into the bloodstream. Therefore, some of the
MIS valves are designed to expand outward within the
annulus and native leaflets, and compress the leaflets
against the annulus. The relatively uneven surface of the
calcified annulus and leaflets creates sizing problems
and may complicate the delivery and placement steps.
Prior art MIS valves are essentially tubular stents embel-
lished with a native xenograft valve. The implant meth-
odology is simply the conventional balloon expansion
technigue or pushing a self-expanding version from the
end of a catheter. Minimal control over the placement of
the valve is provided or contemplated.

[0013] Despite some advances in MIS valve design,
there remains a need for an MIS valve that is durable
and which has a more flexible delivery and implantation
methodology.

[0014] A prior art aortic annuloplasty ring is known from
US 6,231,602, which comprises a flexibly semi-rigid
frame, a portion of which is shaped to conform to the
scalloped configuration of the normal circumference of
an arterial heart valve annulus.

Summary of the Invention

[0015] The present invention provides improved pros-
thetic heart valves that can be implanted in a minimally-
invasive manner, but which also has aspects that make
it useful for conventional surgeries. The valves and im-
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plant tools and methods described herein provide a high-
ly adaptive and simple to use endovascular delivery op-
tion for cardiac surgeons or cardiologists because of fea-
tures that facilitate implantation. The valve is designed
to be expelled from a delivery tube in an implant area
and then expanded and/or positioned to contact the sur-
rounding tissue without additional anchoring structures.
Further, the valve and implant tools permit repositioning
and even recollapse of the valve if needed.

[0016] A first aspect of the invention is a collapsible
prosthetic heart valve that has a collapsible leaflet frame,
three separate, flexible leaflets attached to the leaflet
frame, and three cusp positioners rigidly fixed with re-
spect to the leaflet frame. The leaflet frame has three
cusp regions intermediate three commissure regions, the
three cusp regions being positioned at an inflow end of
the leaflet frame and circumferentially about a flow axis
defined within the support frame. The three commissure
regions are positioned at an outflow end of the leaflet
frame and circumferentially about the flow axis. Each
flexible leaflet has an arcuate cusp edge opposite a free
edge and a pair of commissure edges therebetween. The
leaflets attach around the leaflet frame with the cusp edge
of each leaflet extending along one of the cusp regions,
and a commissure edge of each leaflet meeting a com-
missure edge of an adjacent leaflet at one of the com-
missure regions. The three cusp positioners are rigidly
fixed with respect to the leaflet frame and are disposed
circumferentially about the flow axis, each cusp position-
er being located at the outflow end of the leaflet frame
and intermediate two of the commissure regions of the
leaflet frame.

[0017] Each cusp positioner of the heart valve support
frame desirably has a U-shape with an apex of the U-
shape pointing toward the outflow end of the support
frame and two legs of the U-shape pointing towards the
inflow end. Each of the two legs of each U-shaped cusp
positioner may be rigidly fixed to the continuous leaflet
frame at a location approximately midway between a
cusp region and a commissure region thereof. An anti-
migration member such as an elongated section termi-
nating in an enlarged and rounded head can be rigidly
fixed to each cusp positioner to project therefrom. The
cusp positioners may flare outwardly from the rest of the
support frame to better contact surrounding tissue.
[0018] The support frame further may include three
cusp connectors rigidly fixed with respect to the leaflet
frame and disposed circumferentially about the flow axis.
Each cusp connector is located at the inflow end of the
support frame and intermediate two of the cusp regions
of the leaflet frame. Each cusp connector desirably has
a U-shape with an apex of the U-shape pointing toward
the inflow end of the support frame and two legs of the
U-shape pointing toward the outflow end. In a preferred
embodiment, the leaflet frame, cusp positioners, and
cusp connectors are formed integrally as a single piece,
and the three cusp positioners and three cusp connectors
define a continuous, undulating shape that generally
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mimics the shape of the leaflet frame but is rotated 60°
about the flow axis therefrom.

[0019] The heart valve may incorporate the aforemen-
tioned features of the support frame, for example a leaflet
frame with a continuous, undulating shape that mimics
the natural fibrous structure of an aortic valve, cusp con-
nectors, and anti-migration members on each cusp po-
sitioners. Desirably, aninflow periphery of the heart valve
is defined along alternating and rigidly fixed cusp regions
and cusp connectors. The inflow periphery may have an
external fabric covering, and the heart valve may further
includes a fabric panel defining an exterior surface of the
heart valve between each pair of cusp positioner and
cusp connector. Preferably, the leaflet frame has a fabric
covering along substantially its entire length, the fabric
covering defining a flange, and wherein the arcuate cusp
edges of the flexible leaflets attach to the fabric covering
flange. The fabric covering flange may project generally
outward from the leaflet frame such that the cusp edges
of the flexible leaflets extend radially outward past and
underneath the leaflet frame to be sewn to the fabric cov-
ering flange. Each flexible leaflet may have a pair of tabs
extending on either side of its free edge, wherein two
tabs of adjacent flexible leaflets meet and pass together
to the outside of the adjacent commissure region of the
leaflet frame and are attached thereto using sutures
through the tabs.

Brief Description of the Drawings

[0020]

Fig. 1 is a partial view of a patient’s heart generally
vertically section through the left ventricle and asso-
ciated heart valves, and illustrating the implantation
approach of a catheter-based prosthetic valve of the
present invention;

Fig. 2Ais vertical section view through an aortic an-
nulus and an exemplary prosthetic heart valve of the
present invention implanted therein;

Fig. 2B is a top plan view of the implanted prosthetic
heart valve of Fig. 2A;

Figs. 3A-3C are perspective, top plan, and bottom
plan views, respectively, ofthe prosthetic heart valve
of Fig. 2A;

Fig. 4 is a plan view of a prosthetic heart valve sup-
port frame of the present invention in a two-dimen-
sional blank form prior to conversion to three-dimen-
sional final form;

Fig. 5 is a perspective view of the prosthetic heart
valve support frame of Fig. 4 in its three-dimensional
final form with a leaflet frame and cusp positioners;

[0021] Figs. 5A and 5B are views of a portion of the
three-dimensional heart valve support frame of Fig. 5
showing alternative cusp positioner configurations;
[0022] Fig. BA is an elevational view of a partially as-
sembled prosthetic heart valve as in Figs. 3A-3C;
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[0023] Fig. 6B is an elevational view of the prosthetic
heart valve of Fig. 6A fully assembled;

[0024] Fig. 7 is a plan view of an exemplary leaflet used
in the prosthetic heart valves of the present invention;
[0025] Fig. 8is a partial sectional view of a commissure
region of the exemplary prosthetic heart valve taken
along line 8-8 of Fig. 3B;

[0026] Fig. 9 is a sectional view through a portion of
the support frame of the exemplary prosthetic heart
valve, taken along line 9-9 of Fig. 8;

[0027] Fig. 10 is a sectional view through a commis-
sure tip region of the exemplary prosthetic heart valve,
taken along line 10-10 of Fig. 8;

[0028] Fig. 11 is a schematic perspective view of a
prosthetic heart valve support frame of the present in-
vention being loaded into a delivery catheter,

[0029] Fig. 12 is a perspective view of the support
frame after having been loaded into a delivery catheter,
[0030] Figs. 13A-13B are perspective and elevational
views of an exemplary compressible/expandable heart
valve holder attached to a prosthetic heart valve of the
present invention;

[0031] Fig. 14 is a perspective view of the expulsion
of an assembled prosthetic heart valve and holder as in
Figs. 13A and 13B from the distal end of a delivery cath-
eter,

[0032] Fig. 15is a bottom plan view of an exemplary
compressible/expandable heart valve holder of the
present invention;

[0033] Fig. 16 is a plan view of a multi-armed flexible
portion of the holder of Fig. 15; and

[0034] Figs. 17A-17B are two views of a rigid portion
of the holder of Fig. 15.

Description of the Preferred Embodiments

[0035] The present invention provides an improved
minimally invasive (MIS) valve support frame, MIS valve,
and methods of construction and delivery as described
herein and shown in the accompanying drawings.
[0036] Theinvention pertains primarily to flexible leaf-
let heart valves and internal support frames, which are
also referred to in the art as stents or wireforms. As men-
tioned above, the flexible leaflets can be formed from
biological {e.g., bovine pericardium) or synthetic materi-
al. In this context, a "support frame™ for a flexible leaflet
heart valve provides the primary internal structural sup-
port for the leaflets, and substantially mimics the natural
fibrous skeleton of the respective valve annulus. More
specifically, each of the leaflets has an outer edge that
is coupled to a portion of the support frame such that its
inner edge is free to move within the orifice area of the
valve, thus providing the opening and closing surfaces
thereof. A biological xenograft valve can be used to pro-
vide the flexible leaflets in the valves of the present in-
vention, though the internal support frame is particularly
suited to receive individual leaflets.

[0037] Theleaflet frames of the presentinvention have
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a continuous, undulating shape with three arcuate or U-
shaped cusp regions on theinflow end separated by three
upstanding and generally axially-oriented arcuate or U-
shaped commissure regions on the outflow end. Around
the circumference of the leaflet frame, the shape has an
alternating structure of cusp-commissure-cusp-commis-
sure cusp-commissure, and generally describes a coni-
cal surface of revolution with the three commissures on
the outflow end of the valve being closer together than
the three cusps. Some support frames may alternatively
describe a tubular surface of revolution about an axis.
The cusp regions and commissure regions are evenly
distributed about a flow axis through the support frame,
and therefore the three cusp regions are 120° apart from
each other, and each of the three commissure regions
is 120° apart from the next and 60° from the adjacent
cusp regions.

[0038] The term "continuous™ to describe the heart
valve leaflet frame means that a single continuous and
closed-shape line (i.e., loop) can be drawn following the
sequential cusp and commissure regions, and "undulat-
ing" refers to the serpentine or alternating sinusoidal
character of the line. More generally, a continuous, un-
dulating heart valve leaflet frame approximates the shape
of the natural fibrous tissue around the aortic valve an-
nulus so as to mimic that natural support structure for
optimum functionality of the prosthetic leaflets.

[0039] The presentinvention primarily pertainsto pros-
thetic heart valves suitable for minimally invasive delivery
and implantation. Such minimally invasive valves are ca-
pable of being compressed or collapsed into a small pro-
file and delivered through a catheter or cannula {a tube)
to the site of implantation for remote expansion and an-
choring thereto. It should be understood, however, that
certain aspects of theinvention described herein are ben-
eficial for prosthetic heart valves in general, and thus not
all of the claims should be construed to require a mini-
mally invasive valve.

[0040] Fig. 1 depicts a portion of a heart of a patient
with the left ventricle LV, aortic valve AV, mitral valve MV,
and ascending aorta AA shown in section. A delivery
catheter or tube 20 is seen in position just prior to com-
plete expulsion and expansion of a prosthetic heart valve
22 from a distal end thereof for implant at the aortic valve
AV annulus. The aortic valve AV leaflets L may first be
excised prior toimplant of the valve 22, or more preferably
the leaflets L remain in place and are expanded outward
and compressed against the lumen of the aortic valve
AV annulus upon expansion of the valve. The distal end
of the delivery tube 20 may optionally be stabilized by a
balloon 24 (shown in phantom) inflated against the lumen
of the ascending aorta AA, or through other means. The
delivery tube 20 is preferably inserted in the vasculature
of the patient using a larger diameter introducer 26
through a peripheral vessel such as the femoral artery
or femoral vein. Alternatively, the peripheral vessel may
be the internal jugular vein, the subclavian artery, the
axillary artery, the abdominal aorta, the descending aor-
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ta, or any other suitable blood vessel The introducer 26
may be inserted by surgical cut down or percutaneously
using the Seldinger technique.

[0041] Figs. 2A and 2B illustrate the prosthetic heart
valve 22 implanted at the aortic valve AV annulus. The
heart valve 22 includes three cusps 30 on an inflow end
(one of which is not visible} and three commissures 32
on an outflow end. The direction of blood flow BF is in-
dicated with an arrow in the ascending aorta AA. The
natural leaflets are desirably compressed against the lu-
men of the aortic valve annulus by the prosthetic heart
valve 22, as seen in Fig. 2B. The valve 22 is oriented
about a flow axis such that the commissures 32 are gen-
erally aligned with the native commissures C, while the
cusps {not shown but intermediate the commissures 32}
are generally aligned with the natural cusps/leaflets L.
The heart valve 22 contacts the lumen wall of the aortic
valve AV annulus and desirably retains its position due
to friction therebetween. In this regard, the heart valve
22 expands from its delivery configuration shown in Fig.
1 to the expanded configuration in Figs. 2A and 2B.
[0042] The valve 22 contacts the lumen wall around
the entire periphery of the inflow end thereof and in cer-
tain areas adjacent to the inflow periphery, as will be ex-
plained below. The inflow periphery is defined by the low-
er ends of the cusps 30 as well as by the lower ends of
three cusps connectors 40 that extend between and fill
the gaps between the cusps 30. Additionally, the heart
valve 22 includes three cusp positioners 42, two of which
are visible in Fig. 2A, that are rigidly fixed with respect to
an internal valve support frame and are each located
generally at the outflow end of the valve intermediate two
of the commissures 32. With reference to Fig. 2B, the
cusp positioners 42 are evenly distributed about a central
flow axis 44, and when implanted align with the native
leaflets L. The cusp positioners 42 preferably extend ra-
dially farther outward than the commissures 32 and com-
press the leaflets L against the natural sinus cavities
formed just above the aortic valve AV annulus. Coronary
ostia CO open from two of the three sinus cavities, as
seen in Fig. 2A, and the cusp positioners 42 are sized
and placed by the operator to avoid occluding flow
through the coronary ostia CO. The advantageous struc-
ture and function of these cusp positioners 42 will be
more fully explained below.

[0043] With reference now to Figs. 3A-3C, the exem-
plary prosthetic heart valve 22 will be more fully de-
scribed. The shape of an internal support frame 50 seen
in Fig. 5 generally governs the shape of the valve 22. As
mentioned, the valve 22 includes the aforementioned
cusps 30 and commissures 32 evenly distributed about
a flow axis 44. The cusps 30 and cusp connectors 40
define a scalloped inflow periphery of the valve 22, while
the outflow periphery is defined by the three commis-
sures 32 and the three cusp positioners 42. The entire
internal support frame 50 except for the cusp positioners
42 is covered over with one or more layers of material,
the exterior layer of which is typically a fabric as shown
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(but not numbered). The use of a fabric such as polyeth-
ylene terephthalate provides a matrix inte which sur-
rounding tissue can grow to help anchor the valve in
place.

[0044] Three flexible leaflets 52 mount to the valve 22
in a trifoil configuration with free edges 53 thereof ar-
ranged to meet or coapt in the middle of the valve and
provide one-way occlusion. An outer edge of each leaflet
52 attaches to the valve 22 between two of the commis-
sures 32 and around cne of the cusps 30. An exemplary
structural attachment of the leaflets 52 to the internal sup-
port frame 50 will be described below.

[0045] As mentioned, each cusp connector 40 extends
between two of the cusps 30. A panel of fabric or other
material 54 covers an area between the inflow or lower
edge of each cusp connector 40 and the corresponding
commissures 32. Some of this panel offabric 54 desirably
contacts the lumen wall of the aortic valve AV annulus
to help prevent leakage around the valve.

[0046] The exemplary cusp positioners 42 each have
an inverted U-shape with an apex pointed toward the
outflow end of the valve 22 and two legs extending gen-
erally toward the inflow end and connecting with the re-
mainder of the valve. The term "U-shape” is intended to
cover all configurations that have two legs and an apex
therebetween. Other figurative descriptions such as V-
shaped, bell-shaped, sinuscidal, arcuate, or the like are
therefore encompassed by the term "U-shape”. It is con-
templated, however, that the cusp positicners 42 could
assume other forms, such as a generally linear, cantilev-
ered arm extending upward from the midpoint of each
cusp 30. In whatever form, the cusp positioners 42 pro-
vide the valve 22 with three points of contact with the
surrounding tissue that is midway between the three
commissures 32 so as to help stabilize and anchor the
valve inits implant position. Moreover, the cusp position-
ers 42 desirably perform the function of compressing the
native leaflets L outward against the sinus cavities, at
least in those procedures where the leaflets L are not
excised.

[0047] The leaflets L in a diseased valve may be less
than flexible, and indeed may be highly calcified. It is
often considered preferable to avoid removing the leaf-
lets L so as to avoid disturbing the calcification or other
stenotic material that has built up around the leaflets.
Therefore, the present invention desirably provides
structure to compress the native leaflets L outward
against the aortic wall sinus cavities and hold the leaflets
in that position so as to avoid flapping and potentially
interfering with blood flow through the prosthetic valve.
The inverted U-shape of the cusp positioners 42 is be-
lieved to provide effective structure to both anchor the
valve in the aortic valve AV annulus and also control, or
corral, if you will, the obsclete native leaflets L. At the
same time, the cusp positioners 42 are relatively minimal
in total area so as to avoid unduly interfering with back
flow of blood on the outflow side of each of the leaflets
52, or to the coronary ostia CO. Therefore, the cusp po-
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sitioners 42 are desirably defined by relatively thin mem-
bers, as shown, as opposed to walls or panels, or the
like. Multiple cusp positioners 42 per valve cusp 30 are
conceivable, though the total solid volume taken up by
the cusp positioners should be kept to a minimum so as
to minimize the risk of occluding the coronary ostia CO.
[0048] The axial height of the cusp positioners 42 rel-
ative to the commissures 32 is seen best in Fig. 2A {and
in Fig. 6B). Preferably, the commissures 32 are slightly
taller than the cusp positioners 42, although such an ar-
rangement is not considered mandatory. The main con-
sideration in the size ofthe cusp positioners 42 is to avoid
occluding the coronary ostia CO. Therefore, as seen in
Fig. 2A, the cusp positicners 42 contact the surrounding
aortic valve AV lumen wall just below the coronary ostia
CO. Of course, the anatomy of each patient differs slightly
from the next, and the precise position of the corcnary
ostia CO cannot be predicted with absclute certainty. Fur-
thermore, the final location of the cusp positicners 42 is
dependent on the skill of the cardiac surgeon or cardiol-
ogist. Inthe ideal situation, however, the cusp positioners
42 are positioned just below and aligned circumferentially
with the coronary ostia CO as seen in Figs. 2A and 2B.
[0049] Figs. 2B and 3B-3C illustrate the relative out-
ward radial position of the cusp positioners 42 with re-
spect to the commissures 32 therebetween, and with re-
spect to the cusp connectors 40. As seen in the isolated
view of the heart valve support frame 50 in Fig. 5, the
cusp positioners 42 are angled or flared outward from
the remainder of the support frame. This outward flaring
helps ensure good contact between the apex of the cusp
positicners 42 and the surrounding walls of the aortic
valve AV sinus cavities. In this regard, the outer config-
uration of the heart valve 22 is designed to maximize
contact with the aortic valve AV lumen wall both in the
annulus and for a short distance into each sinus cavity.
This extensive surface contact between the prosthetic
valve 22 and the surrounding tissue may obviate the need
for sutures, staples, sharp barbs or other such anchoring
structure, although such structure could be used in con-
junction with the valve. The valve 22 is merely expelled
from the end of the delivery tube 20 (Fig. 1), expanded
with or without assistance of a balloon, and held in place
by frictional contact between the inflow periphery against
the annulus, and between the cusp positioners 42 and
the sinus cavities (or intervening native leaflets).

[0050] Eachcusp positiocner 42 furtherincludesatleast
one anti-migration member 56 rigidly fixed thereto and
designed to help anchor the support frame 50 to the sur-
rounding tissue. In the illustrated embodiment, the anti-
migration members 56 each preferably includes an elon-
gated section 58 terminating in an enlarged and rounded
head 60, the configuration thus somewhat resembling a
spoon. The anti-migration member 56 desirably projects
out ofthe plane defined by the associated cusp positioner
42, and may extend generally axially in the inflow direc-
tion from the apex therecf, as seenin Fig. 3A. When the
valve 22 is implanted, the anti-migration members 56 are
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designed to contact and become somewhat entrapped
in the native leaflets. Therefore, the anti-migration mem-
bers 56 act as a rounded barb of sorts to maintain the
valve 22 in its implant position. The members 56 also
may help prevent flapping of the native leaflets in the
swirling blood flow. Numerous other configuraticns are
contemplated, the generalidea being that the anti-migra-
tion member 56 enhances the ability of the associated
cusp positioner 42 to anchor to the surrounding tissue.
In this regard, the term "anti-migration member" is meant
to include any structure that enhances such anchoring,
including both blunt and sharp structures (i.e., barbs).
[0051] Various procedures and apparatuses for con-
verting a two-dimensional blank such as shown in Fig. 4
to the three-dimensional form of Fig. 5 are described in
more detail in co-pending U.S. Patent Application Serial
No. 10/251,851, filed September 20, 2002, and entitled
continuous heart valve support frame and method of
manufacture. In short, the process involves bending the
two-dimensional blank 70 around a cylindrical or conical
mandrel and altering the material so as toretainits three-
dimensional shape. For example, various nickel-titanium
alloys (Nitinol) may be easily bent around a mandrel and
then set into that shape using heat treatments.

[0052] Inan exemplary embodiment of the present in-
vention, the internal support frame 50 of the valve 22 is
made of a material that is highly flexible so as to permit
maximum relative movement between the valve cusps
and commissures, and in some cases to permit constric-
tion intc a small profile diameter for minimally invasive
delivery to animplantation site. At the same time the sup-
port frame must possess a minimum amount of stiffness
to provide the desired support to the leaflets. Therefore,
there is a balance cobtained between the requisite flexi-
bility and stiffness.

[0053] The material for the internal support frame is
desirably "elastic,” which means that it has the capacity
to rebound from imposed strain. Varicus NITINOL alloys
are especially suitable for making the internal support
frame of the presentinvention as in certain circumstanc-
es they are considered to be "superelastic”" Other mate-
rials that may be used include ELGILOY, titanium, stain-
less-steel, even polymers, and similar expedients. These
latter materials do not display superelasticity but are still
elastic. Other materials may fit within this definition but
they must be suitable for long-term implantation in the
body.

[0054] The term "superelastic” {sometimes "pseudoe-
lastic") refers to that property of some materials to un-
dergo extreme strains (up to 8%} without reaching their
failure stress limit. Some so-called shape memory alloys
(SMAs) are known to display a superelastic phenomena
or rubber-like behavior in which a strain attained beyond
the elastic limit of the SMA material during loading is re-
covered during unloading. This superelastic phenome-
non occurs when load is applied to an austenitic SMA
article which first deforms elastically up to the yield point
of the SMA material (sometimes referred to as the critical
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stress). Upon the further imposition of load, the SMA ma-
terial begins to transform into stress-induced martensite
or "SIM." This transformation takes place at essentially
constant stress, up to the point where the SMA material
is completely transformed into martensite. When the
stress is removed, the SMA material will revert back into
austenite and the article will return to its original, prepro-
grammed programmed or memorized shape.

[0055] The support frame 50 is desirably constructed
of a material that exhibits hysteresis in the elastic and/or
superelastic region. "Hysteresis" indicates that when the
material is strained beycond the "memory condition” (de-
fined as unconstrained geocmetry) it produces a stress-
strain curve that is different and higher than the stress-
strain curve produced as the material attempts to return
to its memory condition. An example of a material that
exhibits such a hysteresis is NITINOL. The presence of
this hysteresis implies that it requires a greater force to
displace the material form its memory condition than the
material exerts as it recovers to its memory condition.
[0056] When using NITINOL the shape set is done at
a particular temperature for a period of time designed to
ensure certain properties in the material. Namely, the
martensitic transition temperature is desirably less than
room temperature and the austenitic transition tempera-
ture is desirably less than body temperature. For in-
stance, the temperature below which the material is in
martensitic form is around 3-5° C, while the temperature
above which the material is in austenitic form is around
20-25° C. When the material is shape set in this way, the
heart valve 22 can be cooled, such as in an ice bath, just
prior to implant to change the crystalline structure of the
support frame 50 to martensite and create high flexibility
so as to enable compaction thereof into a small diameter
delivery profile. Afterimplant and expansion, the temper-
ature rises from body heat above the austenitic transition
temperature and thus the support frame 50 possesses
the desired degree of stiffness to properly support the
leaflets.

[0057] The support frame 50 (and blank 70) includes
a leaflet frame 72 defined by three cusp regions 74 in-
termediate three commissure regions 76. In Fig. 4 the
leafletframe 72 in the blank 70 exhibits a three-leaf clover
shape, while in Fig. 5 the leaflet frame 72 has a contin-
ucus, undulating shape as described above. A second
three-leaf clover shape can be seen in Fig. 4 formed by
the three cusp connectors 40 and three cusp positioners
42. When bent into the three-dimensional configuration
of Fig. b, two continuous, undulating shapes can be seen
oriented 60° with respect to one another about the central
flow axis. Each cusp connector 40 includes an apex 80
and a pair of legs 82 that rigidly attach to the leaflet frame
72 at junction points 84. Likewise, each cusp positioner
42 includes an apex 20 and a pair of legs 92 that rigidly
attach to the leaflet frame 72 at junction points 4. In the
preferred and illustrated embodiment, the junction points
84 and 94 are ceincident.

[0058] Figs. 5A and 5B show alternative cusp position-
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er configurations for the three-dimensional heart valve
support frame 50 of Fig. 5. As mentioned above, the anti-
migration members facilitate anchoring of the support
frame 50 to the surrcunding anatomy, and prevent axial
and rotational movement of the valve 22. The anti-migra-
tion members 56 shown in Fig. 5 project generally axially
in the inflow direction from the apex 90 of each cusp
positioner42. InFig. 5A, a second anti-migration member
57 projects generally axially in the outflow direction from
the apex 90 of each cusp positioner 42. In Fig. 5B, there
are multiple anti-migration members 56 extending gen-
erally axially in the inflow direction. Various combina-
tions, placements and orientations of these examples are
contemplated, and the examples should not be consid-
ered limiting.

[0059] Fig. 6A shows the valve 22 almost completely
assembled, but without the aforementioned cloth covers
54 that are seen in the fully assembled valve of Fig. 6B.
The covers 54 help prevent leakage of blood around the
implanted valve 22, and specifically in the areas between
the each pair of cusps 30.

[0060] Fig. 7 illustrates an exemplary leaflet 52 in plan
view. The free edge 50 is shown as linear, but may also
be arcuate, angled, trapezoidal, or other configuration.
Each leaflet includes a pair of opposed generally rectan-
gular tabs 100 at either end of the free edge 53. An ar-
cuate cusp edge 102 extends between the tabs 100 and
opposite the free edge 53. The tabs 100 and arcuate
cusp edge 102 are secured to the valve 22, and specif-
ically along the contours of the leaflet frame 72 seen in
Fig. 5.

[0061] Fig. 8 is an enlarged cutaway view of ocne of the
commissures 32 of the valve 22 taken along line 8-8 of
Fig. 3B and showing the internal construction thereof.
The commissure region 76 of the leaflet frame 72 tapers
down in the cutflow direction to a closed tip 104. Attach-
ment flanges 106 are formed adjacent the tip 104 and
desirably include a plurality of assembly holes 108 sized
to permit passage of sutures therethrough. The adjacent
leaflets 52 come together in the commissure regions 76
and the tabs 100 thereof are folded away from each other
on the exterior of the flanges 106.

[0062] As seen in Fig. 9, the cusp edge 102 of each
leaflet 52 attaches with sutures 110 to a cloth flange 112
of a tubular fabric cover 114 around the leaflet frame 72.
This configuration causes tensile forces imparted by the
leaflets 52 to be transferred as much as possible to the
frame 72 rather than being primarily borne by the attach-
ment sutures 110.

[0063] Fig. 10 shows the attachment structure at the
commissure tip 104, and specifically illustrates sutures
120 passing through the fabric cover 114, through the
assembly holes 108, and through the folded leaflet tabs
100. Asecond suture 122 passes through the cloth flange
112, the leaflet tab 100, and cloth covers 54 (also shown
in Fig. 6B}. Because each of the leaflets 52 includes the
tab 100 that extends to the outside of the leaflet frame
72, high forces that are seen with dlosing of the valve are
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less likely to pull the sutures 120 through the tabs. That
is, the construction shown in Fig. 10 causes tensile forces
imparted by the leaflets 52 to be transferred as much as
possible from the sutures 120, 122 to the frame 72, thus
helping to prevent tearing of the flexible leaflets and ren-
dering the valve 22 more durable.

[0064] Figs. 11 and 12 schematically illustrate a tech-
nique for loading a prosthetic heart valve of the present
invention into a delivery tube. For the sake of clarity, only
the support frame 50 is shown being loaded into the de-
livery tube 20. A plurality of sutures or other such flexible
members or filaments 130 are shown looped through
each of the commissure regions 76 of the support frame
50. These filaments 130 extend into the distal end of the
delivery tube 20 and through its lumen to a proximal end
(not shown} where they are connected to a tensioning
device. In actual use, the filaments 130 would be thread-
ed through the commissures 32 of the valve 22, avoiding
the flexible leaflets. A loading adapter 132 couples to the
distal end of the delivery tube 20. The adapter 132 in-
cludes an inner funnel-shaped opening 134. Tension on
the filaments 130 pulls the commissures 32 of the valve
into the funnel-shaped opening 134 which gradually com-
presses the valve into a diameter smaller than the lumen
of the delivery tube 20. Once the valve 22 is positioned
fully within the delivery tube 20, as seenin Fig. 12, the
filaments 130 and adapter 132 are removed.

[0065] Figs. 13-17 illustrate a minimally invasive hold-
er for use with the prosthetic heart valves cf the present
invention. Figs. 13A and 13B show the holder 150 attach
to the heart valve 22 as described above. The holder 150
includes a multi-armed flexible portion 152 and a rigid
portion 154 (seenin Figs. 17A-17B). The flexible portion
152 includes a plurality, at least three, but preferably six
flexible members or arms 158 extending outward from a
central circular disk 158. Each of the arms 156 terminates
in a rcunded end having an attachment aperture 160.
The arms 156 are distributed evenly about the circum-
ference of the circular disk 158, and are arrayed tc attach
to each of the commissures 32 and cusp positioners 42
of the valve 22. Releasable sutures 162 or other such
attachment structure are used for this purpose.

[0066] Fig. 14 shows the assembled holder 150 and
valve 22 emerging from the distal end of a delivery tube
20. Prior to this stage, the flexible members cr arms 156
are criented generally axially within the tube 20 with the
valve 22 also collapsed and having its outflow prongs
coupled to the distal ends of the arms 156. The arms 156
of the holder 150 are sufficiently flexible to be com-
pressed into the small profile required for delivery through
the delivery tube 20. In this regard, the flexible portion
152 is desirably made of Nitinol. A handle 170 which may
be flexible or rigid attaches to the holder 150 for manip-
ulation thereof. Displacing the handle 170 in a distal di-
rection with respect to the tube 20 therefore expels the
valve/holder combination and the resiliency of the valve
22 and holder arms 156 causes them to spring outward.
It should be understood that other designs of the holder
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150 may be utilized, such as replacing the spring-like
arms 156 with rigid members that are hinged and spring-
biased.

[0067] Figs. 15-17 illustrate specifics of the exemplary
flexible portion 152 and rigid portion 154. In a relaxed
configuration, the flexible portion 152 is planar, and may
be cut from a sheet of Nitinol. The rigid portion 154 in-
cludes a proximal face 180 that is sized approximately
the same as the circular disk 158, and small enough to
fit within the delivery tube 20. A central threaded bore
182 opens to the proximal face 180 for receiving the han-
dle 170. Fig. 15 illustrates a number of sutures 162
threaded through the holder 150 and used to couple the
holder to the six outflow prongs of the prosthetic heart
valve 22. Desirably, these sutures 162 are anchored with
respect to the holder and each one passes over a cutting
guide in the holder such that the suture may be severed
along its midpoint resulting in two free ends that can be
pulled free of the valve.

[0068] The holder 150 is sufficiently flexible to be com-
pressed into a small profile and passed through the de-
livery tube 20. At the same time, the flexible portion 152
and multiple flexible arms 156 have a sufficient degree
of torsional strength to permit the operator to rotate the
valve 22 during the implant procedure. Furthermore, the
arms 156 are shaped to contact the distal mouth of the
delivery tube 20 when the assembly is pulled toward the
tube which, due to their radial stiffness, causes the arms
to bend back toward their axial orientation withinthe tube.
Since the distal ends of the arms are coupled to at least
three of the outflow prongs of the prosthetic heart valve
22, the valve constrict accordingly. Constriction of the
valve 22 after having been fully expelled from the end of
the delivery tube and expanded permits repositioning of
the valve 22. That is, the cusp positioners 42 are de-
signed to contact the sinuses cavities or aortic wall after
the valve 22 expands, and the retraction/constriction op-
tion afforded by the holder 150 may be necessary to dis-
engage the cusp positioners from the surrounding tissue
torepositionorre-orient the valve. Furthermore, the valve
22 can be completely collapsed and retracted back into
the delivery tube to permit removal in case the surgeon
or cardiologist deems the valve unsuitable for whatever
reason.

Method of Use

[0069] Perior to implant, the cardiac surgeon or cardi-
ologist measures the aortic valve AV annulus using ap-
propriate sizers, minimally invasive or not as the case
may be, a number of which are available and which will
not be further described herein. The correctly sized valve
is then selected and compressed into the delivery cath-
eter ortube 20, such as with the use of the loadingadapter
132 having the inner funnel-shaped opening 134 as seen
in Fig. 11. To facilitate this loading step, the inner support
frame 50 of the valve 22 must be able to withstand high
stresses without failure. One method is to form the sup-
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port frame 50 from a material that has superelastic prop-
erties, for instance a Nitinol that has a martensitic tran-
sition temperature of less than about 5° C can be im-
mersed in an ice bath to change its crystalline structure
to martensite, which is a superelastic phase. Once load-
ed into the delivery tube 20, the support frame 50 will not
revert back to its original shape upon a temperature rise
and thus does not exert undue outward force onthe tube.
The heart valve 22 may be loaded around an inflation
balloon, but for the sake of a small profile the balloon is
used after expulsion of the valve from the tube at the
implantation site.

[0070] With reference againto Fig. 1, the delivery tube
20 is seenin position just prior to complete expulsion and
expansion of the prosthetic heart valve 22 from a distal
end thereof for implant at the aortic valve AV annulus.
The distal end of the delivery tube 20 may optionally be
stabilized by a balloon 24 {shown in phantom) inflated
against the lumen of the ascending aorta AA, or through
others means. The delivery tube 20 is preferably inserted
in the vasculature of the patient using a larger diameter
introducer 26 through a peripheral vessel such as the
femoral artery or femoral vein. Alternatively, the periph-
eral vessel may be the internal jugular vein, the subcla-
vian artery, the axillary artery, the abdominal aorta, the
descending aorta, or any other suitable blood vessel. The
introducer 26 may be inserted by surgical cut down or
percutaneously using the Seldinger technique.

[0071] The prosthetic heart valve 22 is expelled from
the delivery tube 20 by relative movement therebetween
- i.e., by pushing the valve from the tube or by retracting
the tube from around the valve. The valve 22 desirably
self-expands into contact with the surrounding lumen
wall, but may also be assisted with an inflation balloon
or other such physical expander.

[0072] With reference to Figs. 2A and 2B, the cusps
positioners 42 help guide the prosthetic heart valve 22
into position inthe aortic valve AV annulus. As mentioned
above, the cusp positioners 42 desirably flare outward
from the rest of the valve structure and are thus config-
ured to contact the sinuses of the aortic valve AV while
the cusps 30 are sized to fit within the annulus. In ac-
cordance with one method of implantation, the surgeon
or cardiologist expels the heart valve 22 below (i.e., to-
ward the left ventricle) its optimum implant position, and
then axially displaces the valve upward into the desired
position. Stated another way, the heart valve 22 is ex-
panded in a location that is inferior to a final implant po-
sition such that the cusp positioners 42 contact the sur-
rounding aortic annulus, and the valve is then reposi-
tioned by displacing the valve in a superior directionto a
final implant position. As the valve 22 ascends, the cusp
positioners 42 spring outward into the three valve sinuses
and help rotationally orient the valve. That is, the sinuses
channel the cusp positioners 42 and correct any rotation-
al misalignment. Finally, the valve 22 is implanted with
the cusp positioners 42 in the sinus cavities (preferably
below the coronary ostia CQO) and the cusps 30 and cusp

Edwards Lifesciences Corporation, et al. Exhibit 1017, p. 252 of 2319



17

connectors 40 forming a scalloped yet continuous con-
tact wall against the aortic valve AV annulus or root.
[0073] As mentioned, a physical expander (e.g., bal-
loon) may be used to radially outwardly expand the valve
22 (including the internal support frame 50) beyond its
self-expanded diameter so that it is firmly anchored in
place. A prosthetic valve possessing hysteresis that is
held in a reduced (first or constrained) diameter will exert
an outward radial force that is less than the force at which
it will resist an inward radial force. Therefore, if deployed
in situ, the device is not expected to exert enough force
on the vessel wall to expand to the desired diameter.
However, if the expansionis assisted by means of a bal-
loon or other physical expander, the hysteresis of the
material will allow it to better maintain its diameter cnce
that diameter is achieved. This is unlike a self-expanding
device that relies sclely on the outward radial force of the
device to achieve its desired diameter. It is also unlike
balloon expanded devices that rely on a ballocon to plas-
tically deform the device into the desired diameter. Al-
though it is conceivable that a balloon or cther physical
expander could be used in a self-expanding device made
of a material that does not display a hysteresis, the ben-
efits would not be as great.

[0074] Itwillbe appreciated that the invention has been
described hereabove with reference to certain examples
or preferred embodiments as shown in the drawings. Var-
ious additions, deletions, changes and alterations may
be made to the above-described embodiments and ex-
amples, and it is intended that all such additions, dele-
tions, changes and alterations be included within the
scope of the following claims.

Claims
1. Acollapsible prosthetic heart valve (22}, comprising:

a collapsible leaflet frame having three cusp re-
gions (30) intermediate three commissure re-
gions (32), the three cusp regions being posi-
tioned at an inflow, end of the leaflet frame and
circumferentially about a flow axis defined within
the leaflet frame, the three commissure regions
being positioned at an outflow end of the leaflet
frame and circumferentially about the flow axis;
three separate, flexible leaflets (52} attached to
the leaflet frame, each leaflet having an arcuate
cusp edge opposite a free edge and a pair of
commissure edges therebetween, the leaflets
being attached around the leaflet frame with the
cusp edge of each leaflet extending along cne
of the cusp regions, and a commissure edge of
each leaflet meeting a commissure edge of an
adjacent leaflet at one of the commissure re-
gions; and

three cusp positioners (42) rigidly fixed with re-
spect to the leaflet frame and disposed circum-
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ferentially about the flow axis, each cusp posi-
tioner being located at the outflow end of the
leaflet frame and intermediate two of the com-
missure regions of the leaflet frame.

The heart valve of Claim 1, wherein each cusp po-
sitioner has a U-shape with an apex of the U-shape
pointing toward the outflow end of the leaflet frame
and two legs of the U-shape pointing toward the in-
flow end.

The heart valve of Claim 2, wherein each of the two
legs of each U-shaped cusp positioner is rigidly fixed
to the continuous leaflet frame at a location approx-
imately midway between a cusp region and a com-
missure region thereof.

The heart valve of Claim 2, further including an anti-
migration member (56) rigidly fixed to each cusp po-
sitioner and projecting therefrom.

The heart valve of Claim 1, wherein the heart valve
further includes three cusp connectors (40} rigidly
fixed with respect to the leaflet frame and disposed
circumferentially about the flow axis, each cusp con-
nector being located at the inflow end of the leaflet
frame and intermediate two of the cusp regions of
the leaflet frame.

The heart valve of Claim 5, wherein each cusp con-
nector has a U-shape with an apex of the U-shape
pointing toward the inflow end of the leaflet frame
and two legs of the U-shape pointing toward the out-
flow end.

The heart valve of Claim 6, wherein the leaflet frame,
cusp positioners, and cusp connectors are formed
integrally as a single piece, and wherein the three
cusp positioners and three cusp connectors define
a continuous, undulating shape that generally mim-
ics the shape of the leaflet frame but is rotated 60°
about the flow axis therefrom.

The heart valve of Claim 5, wherein an inflow periph-
ery of the heart valve is defined along the alternating
and rigidly fixed cusp regions and cusp connectors.

The heart valve of Claim 8, wherein the inflow pe-
riphery has an external fabric covering, and wherein
the heart valve further includes a fabric panel defin-
ing an exterior surface of the heart valve between
each pair of cusp positioner and cusp connector.

The heart valve of Claim 1, wherein the leaflet frame
has a fabric covering along substantially its entire
length, the fabric covering defining a flange, wherein
the arcuate cusp edges of the flexible leaflets attach
to the fabric covering flange.
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The heart valve of Claim 10, wherein the fabric cov-
ering flange projects generally outward from the leaf-
let frame and the cusp edges of the flexible leaflets
extend radially outward past and underneath the
leaflet frame and are sewn to the fabric covering
flange.

The heart valve of Claim 1, wherein each flexible
leaflet has a pair of tabs extending on either side of
its free edge, wherein two tabs of adjacent flexible
leaflets meet and pass together to the outside of the
adjacent commissure region of the leaflet frame and
are attached thereto using sutures through the tabs.

Patentanspriiche

1.

Zusammenfaltbare prothetische Herzklappe (22),
umfassend:

einen zusammenfaltbaren Segelblattrahmen
mit drei Segelbereichen (30) zwischen drei
Kommissurbereichen (32}, wobei die drei Se-
gelbereiche an einem Zustromungsende des
Segelblattrahmens und zirkumferenziell um ei-
ne Strémungsachse positioniert sind, die inner-
halb des Stiitzrahmens definiert ist, wobei die
drei Kommissurbereiche an einem Ausstré-
mungsende des Segelblattrahmens und zir-
kumferenziell um die Strémungsachse positio-
niert sind;

drei separate, flexible Segelblatter (52), die am
Segelblattrahmen befestigt sind, wobei jedes
Segelblatt einen bogenférmigen Segelrand ge-
geniiber einem freien Rand und ein Paar Kom-
missurrander dazwischen aufweist, wobei die
Segelblatter um den Segelblattrahmen herum
befestigt sind, wobei sich der Segelrand jedes
Segelblatts entlang einem der Segelbereiche
erstreckt und ein Kommissurrand jedes Segel-
blatts mit einem Kommissurrand eines angren-
zenden Segelblatts an einem der Kommissur-
bereiche zusammentrifft; und

die drei Segelpositionierer (42)in Bezug aufden
Segelblattrahmen starr fixiert und zirkumferen-
ziell umdie Strémungsachse herum angeordnet
sind, wobei jeder Segelpositionierer am Aus-
stromungsende des Segelblattrahmens und
zwischen zwei der Kommissurbereiche des Se-
gelblattrahmens liegend positioniert ist.

Herzklappe nach Anspruch 1, wobei jeder Segelpo-
sitionierer eine U-Form aufweist, wobei ein Scheitel
der U-Form in Richtung des Ausstromungsendes
des Segelblattrahmens zeigt und zwei Schenkel der
U-Form in Richtung des Zustrémungsendes zeigen.

Herzklappe nach Anspruch 2, wobei jeder der zwei
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Schenkeljedes U-formigen Segelpositionierers starr
am kontinuierlichen Segelblattrahmen an einer Stel-
le fixiert ist, die ca. auf dem halben Weg zwischen
einem Segelbereich und einem Kommissurbereich
davon liegt.

Herzklappe nach Anspruch 2, die weiter ein Antimi-
grationselement (56) einschlieflt, das starr an jedem
Segelpositionierer befestigt ist und daraus hervor-
steht.

Herzklappe nach Anspruch 1, wobei die Herzklappe
weiter drei Segelpositionierer (40) einschliefdt, die in
Bezug auf den Segelblattrahmen starr fixiert und zir-
kumferenziell um die Strémungsachse herum ange-
ordnet sind, wobei jeder Segelverbinder am Zustro-
mungsende des Segelblattrahmens und zwischen
zwei der Segelbereiche des Segelblattrahmens lie-
gend positioniert ist.

Herzklappe nach Anspruch 5, wobei jeder Segelver-
binder eine U-Form aufweist, wobei ein Scheitel der
U-Form in Richtung des Zustrémungsendes des Se-
gelblattrahmens zeigt und zwei Schenkel der U-
Form in Richtung des Ausstrémungsendes zeigen.

Herzklappe nach Anspruch 8, wobei der Segelblat-
trahmen, die Segelpositionierer und Segelverbinder
integral als ein Einzelstiick gebildet sind und, wobei
die drei Segelpositionierer und drei Segelverbinder
eine kontinuierliche, undulierende Form definieren,
die generell die Form des Segelblattrahmens nach-
ahmt, aber 60° um die Stromungsachse davon rotiert
ist.

Herzklappe nach Anspruch 5, wobei gine Zustré-
mungsperipherie der Herzklappe entlang der ab-
wechselnden und starr befestigten Segelbereiche
und Segelverbinder definiert ist.

Herzklappe nach Anspruch 8, wobei die Zustré-
mungsperipherie eine externe Stoffbedeckung auf-
weist und, wobei die Herzklappe weiter eine Stoff-
bahn einschlieldt, die eine externe Oberflache der
Herzklappe zwischen jedem Paar von Segelpositio-
nierern und Segelverbinder definiert.

Herzklappe nach Anspruch 1, wobei der Segelblat-
trahmen eine Stoffbedeckung entlang im Wesentli-
chen seiner ganzen Lange aufweist, wobei die Stoff-
bedeckung einen Flansch definiert, wobei sich die
bogenférmigen Segelrander der flexiblen Segelblat-
ter am Flansch befestigen, der den Stoff abdeckt.

Herzklappe nach Anspruch 10, wobei der Stoff ab-
deckende Flansch generell vom Segelblattrahmen
nach aulten hervorragt und sich die Segelrander der
flexiblen Segelblatter radial nach auften gerichtst,
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vorbei am und unterhalb des Segelblattrahmens er-
strecken und an den Stoff abdeckenden Flansch ge-
naht sind.

Herzklappe nach Anspruch 1, wobei jedes flexible
Segelblatt ein Paar Lappen aufweist, die sich auf
beiden Seiten seines freien Randes erstrecken, wo-
bei zwei Lappen von angrenzenden flexiblen Segel-
blattern aneinanderstofRen und zusammen zur Au-
Renseite des angrenzenden Kommissurbereichs
des Segelblattrahmens passieren und unter Ver-
wendung von Nahten durch die Lappen daran befe-
stigt werden.

Revendications

1.

Valve cardiaque (22),

comprenant :

prothétique repliable

une armature de feuillets repliable ayant trois
régions de cuspide (30) al'intermédiaire de trois
régions de commissure (32}, les trois régions de
cuspide étant positionnées a une extrémité de
flux entrant de I'armature de feuillets et sur la
circonférence autour d'un axe de flux défini a
intérieur de I'armature de support, les trois ré-
gions de commissure étant positionnées a une
extrémité de flux sortant de l'armature de
feuillets et sur la circonférence autour de I'axe
de flux;

trois feuillets flexibles, séparés (52) attachés a
armature de feuillets, chaque feuillet ayant un
bord de cuspide arqué a l'opposé d’'unbord libre
et une paire de bords de commissure entre eux,
les feuillets étant attachés autour de I'armature
de feuillets avec le bord de cuspide de chaque
feuillet s'étendant le long de I'une des régions
de cuspide etunbord de commissure de chaque
feuillet rejoignant un bord de commissure d’'un
feuillet adjacent a I'une des régions de commis-
sure; et

trois positionneurs de cuspides (42) rigidement
fixés par rapport a I'armature de feuillets et dis-
posés sur la circonférence autour de I'axe de
flux, chaque positionneur de cuspide étant situé
a l'extrémité de flux sortant de 'armature de
feuillet et a l'intermédiaire de deux des régions
de commissure de I'armature de feuillets.

Valve cardiaque selon la revendication 1, dans la-
quelle chaque positionneur de cuspide a une forme
en U avec un sommet de la forme en U pointant vers
Iextrémité de flux sortant de 'armature de feuillets
et les deux jambes de la forme en U pointant vers
I'extrémité de flux entrant.

Valve cardiaque selon la revendication 2, dans la-
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quelle chacune des deux jambes de chague posi-
tionneur de cuspide en forme de U est rigidement
fixée a I'armature de feuillets continue a un empla-
cement approximativement a mi-chemin entre une
région de cuspide et une région de commissure de
celle-ci.

Valve cardiaque selon la revendication 2, compre-
nant en outre un membre anti-migration (56) rigide-
mentfixé a chaque positionneur de cuspide et faisant
saillie de la.

Valve cardiaque selon la revendication 1, oula valve
cardiaque comprend en outre trois connecteurs de
cuspides (40) rigidement fixés par rapport a 'arma-
ture de feuillets et disposés sur la circonférence
autour de I'axe de flux, chaque connecteur de cus-
pide étant situé a 'extrémité de flux entrant de I'ar-
mature de feuillets et a 'intermédiaire de deux des
régions de cuspide de I'armature de feuillets.

Valve cardiaque selon la revendication 5, dans la-
quelle chaque connecteur de cuspide a une forme
en U avec un sommet de la forme en U pointant vers
I'extrémité de flux entrant de I'armature de feuillets
et les deux jambes de la forme en U pointant vers
I'extrémité de flux sortant.

Valve cardiaque selon la revendication 8, dans la-
quelle I'armature de feuillets, les positionneurs de
cuspides etles connecteurs de cuspides sontformés
intégralement en une seule piéce, et dans laquelle
les trois positionneurs de cuspides et les trois con-
necteurs de cuspides définissent une forme conti-
nue, ondulée quiimite généralement la forme de I'ar-
mature de feuillets mais qui est tournée a 60° autour
de I'axe de flux de celle-ci.

Valve cardiaque selon la revendication 5, dans la-
quelle une périphérie de flux entrant de la valve car-
diaque est définie le long des régions de cuspide et
des connecteurs de cuspides alternés et rigidement
fixés.

Valve cardiaque selon la revendication 8, dans la-
quelle la périphérie de flux entrant a un recouvre-
ment extérieur en étoffe, et ol la valve cardiaque
comprend en outre un panneau en étoffe définissant
une surface extérieure de la valve cardiague entre
chaque paire de positionneur de cuspide et de con-
necteur de cuspide.

Valve cardiaque selon la revendication 1, dans la-
quelle I'armature de feuillets a un recouvrement en
étoffe sensiblement le long de sa longueur entiére,
le recouvrement en étoffe définissant une bride, ol
les bords arqués des cuspides des feulillets flexibles
s’attachent a la bride du recouvrement en étoffe.
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11. Valve cardiague selon la revendication 10, dans la-
quelle la bride du recouvrement en étoffe fait saillie
généralement vers l'extérieur de larmature de
feuillets et les bords des cuspides des feuillets flexi-
bles s’étendent radialement vers I'extérieur au-dela 5
et sous l'armature de feuillets et sont cousus a la
bride du recouvrement en étoffe.

12. Valve cardiaque selon la revendication 1, dans la-
quelle chaque feuillet flexible a une paire de pattes 70
s’'étendant de chaque ¢6té de son bord libre, ol deux
pattes de feuillets flexibles adjacents se rejoignent
et passent ensemble a I'extérieur de la région de
commissure adjacente de I'armature de feuillets et
sont attachées a celle-ci par des sutures a travers 75
les pattes.
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Fig. 2B
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Description

[0001] The presentinvention relates to a two-part im-
plantable valve prosthesis for implantation in body chan-
nels, more particularly but not only to, cardiac valve pros-
thesis to be implanted by a transcutaneous catheteriza-
tion technique.

[0002] The valve prosthesis canbe also applied to oth-
er body channels provided with native valves, such as
veins or in organs (liver, intestineg, urethra,...).

[0003] The present description alse discloses to a
method for implanting a valve prosthesis, such as the
valve according to the present invention.

[0004] Implantable valves, which will be indifferently
designated hereafter as "IV", "valve prosthesis” or "pros-
thetic valve", permits the reparation of a valvular defect
by a less invasive technique in place of the usual surgical
valve implantation which, in the case of valvular heart
diseases, requires thoracotomy and extracorporeal cir-
culation. A particular use for the IV concerns patients
who cannot be operated on because of an associated
disease or because of very old age or also patients who
could be cperated on but only at a very high risk.
[0005] Although the IV of the present invention and the
process for implanting said IV can be used in various
heart valve diseases, the following description will first
concern the acrtic orifice in aortic stenosis, more partic-
ularly in its degenerative form in elderly patients.
[0006] Aortic stenosis is a disease of the aortic valve
in the left ventricle of the heart. The aortic valvular crifice
is normally capable of opening during systole up to 4 to
6 cm?, therefore allowing free ejection of the ventricular
blood volume into the aorta. This aortic valvular orifice
can become tightly stencsed, and therefore the blcod
cannot anymore be freely ejected from the left ventricle.
In fact, only a reduced amount of bloed can be ejected
by the left ventricle which has to markedly increase the
intra-cavitary pressure to force the stenosed aortic ori-
fice. In such aocrtic diseases, the patients can have syn-
cope, chest pain, and mainly difficulty in breathing. The
evolution of such a disease is disastrous when symptoms
of cardiac failure appear, since 50 % of the patients die
in the year following the first symptoms of the disease.
[0007] The only commonly available treatment is the
replacement of the stenosed acrtic valve by a prosthetic
valve via surgery: this treatment moreover providing ex-
cellent results. If surgery is impossible to perform, i.e., if
the patient is deemed inoperable or operable only at a
too high surgical risk, an alternative possibility is to dilate
the valve with a balloon catheter to enlarge the acrtic
orifice. Unfortunately, a good result is obtained only in
about half of the cases and there is a high restenosis
rate, i.e., about 80% after cne year.

[0008] Aortic stencsis is a very common disease in
people above seventy years old and occurs more and
more frequently as the subject gets older. As evidenced,
the present tendency of the general evolution of the pop-
ulation is becoming older and clder. Also, it can be eval-
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uated, as a crude estimation, that about 30 to 50% of the
subjects who are older than 80 years and have a tight
aortic stenosis, either cannot be operated on for acrtic
valve replacement with a reasonable surgical risk or even
cannot be considered at all for surgery.

[0009] It can be estimated that, about 30 tc 40 persons
out of amillion per year, could benefit from animplantable
aortic valve positioned by a catheterization technique.
Until now, the implantation of a valve prosthesis for the
treatment of aortic stenosis is considered unrealistic to
perform since it is deemed difficult to superpose another
valve such an implantable valve on the distorted sten-
osed native valve without excising the latter.

[0010] From 1985, the technique of aortic valvulc-
plasty with a balloon catheter has been introduced for
the treatment of subjects in whom surgery cannoct be per-
formed at all or which could be performed only with a
prohibitive surgical risk. Despite the considerable defor-
mation of the stenosed aortic valve, commonly with
marked calcification, it is often possible to enlarge signif-
icantly the aortic orifice by balloon inflation, a procedure
which is considered as low risk.

[0011] However, this technique has been abandoned
by most physicians because of the very high restenosis
rate which occurs in about 80% of the patients within 10
to 12 months. Indeed, immediately after deflation of the
balloon, a strong recoil phenomenon often produces a
loss of half or eventwo thirds of the opening area obtained
by the inflated balloon. For instance, inflation of a 20 mm
diameter ballocn in a stenosed aortic orifice of 0.5 cmZ2
area gives, when forcefully and fully inflated, an opening
area equal to the cross sectionnal area of the maximally
inflated balloon, i.e., about 3 cm2. However, measure-
ments performed a few minutes after deflation and re-
moval of the ballocn have only an area around 1 cm?Z to
1.2 ecm2. This is due to the considerable recoil of the fi-
brous tissue of the diseased valve. The drawback in this
procedure has alsoc been clearly shown on fresh post
mortem specimens.

[0012] However, it is important to note that whereas
the natural normal aortic valve is able toc open with an
orifice of about 5 to 6 cm?2 and to accommodate a blood
flow of more that 15 I/min. during heavy exercise for in-
stance, an opening area of about 1.5 to 2 cm? can accept
a 6 to 8 I/min blood flow without a significant pressure
gradient. Such a flow corresponds to the cardiac output
of the elderly subject with limited physical activity.
[0013] Therefore, an IV would not have to produce a
large opening of the aortic orifice since an opening about
2 cm? would be sufficient in most subjects, in particular
in elderly subjects, whose cardiac output probably does
not reach more than 6 te 8 I/min. during nermal physical
activity. For instance, the surgically implanted mechani-
cal valves have an opening area which is far from the
natural valve opening that ranges from 2 to 2.5 cm?, main-
ly because of the room taken by the large circular struc-
ture supporting the valvular part of the device.

[0014] The prior art describes examples of cardiac
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valves prosthesis that are aimed at being implanted with-
out surgical intervention by way of catheterization. For
instance, US patentn® 5,411,552 describes a collapsible
valve able to be introduced in the body in a compressed
presentation and expanded in the right position by bal-
loon inflation.

[0015] Such valves, with a semi-lunar leaflet design,
tend to imitate the natural valve. However, this type of
design is inherently fragile, and such structures are not
strong enough to be used in the case of aortic stenosis
because of the strong recoil that will distort this weak
structure and because they would not be able to resist
the ballooninflation performed to position the implantable
valve. Furthermore, this valvular structure is attached to
a metallic frame of thin wires that will nct be able to be
tightly secured against the valve annulus. The metallic
frame of this implantable valve is made of thin wires like
in stents, which are implanted in vessels after balloon
dilatation. Such a light stent structure is too weak to allow
the implantable valve to be forcefully embedded into the
aortic annulus. Moreover, there is a high risk of massive
regurgitation (during the diastolic phase) through the
spaces between the frame wires which is ancther pro-
hibitive risk that would make this implantable valve im-
possible to use in clinical practice.

[0016] Furthermore, an important point in view of the
development of the IV is that it is possible to maximally
inflate a balloon placed inside the compressed implant-
able valve to expand it and insert it in the stenosed aortic
valve up to about 20 to 23 mm in diameter. At the time
of maximum balloon inflation, the balloon is absolutely
stiff and cylindrical without any waist. At that moment,
the implantable valve is squeezed and crushed between
the strong aortic annulus and the rigid balloon with the
risk of causing irreversible damage to the valvular struc-
ture of the implantable valve.

SUMMARY OF THE INVENTION

[0017] Theinventionis aimedto overcomethese draw-
backs and to implant an IV which will remain reliable for
years.

[0018] A particular aim of the present inventicn is to
provide an IV, especially aimed at being used in case of
aortic stenosis, which structure is capable of resisting the
powerful recoil force and to stand the forceful balloon
inflation performed to deploy the IV and to embed it in
the aortic annulus.

[0019] Another aim of the present invention is to pro-
vide an efficient prosthesis valve which can be implanted
by a catheterization technique, in particular in a stencsed
aortic orifice, taking advantage of the strong structure
made of the distorted stenosed valve and of the large
opening area produced by preliminary balloon inflation,
performed as an initial step of the procedure.

[0020] A further aim of the present invention is to pro-
vide an implantable valve which would not produce any
risk of fluid regurgitation.
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[0021] A further aim of the present invention is to pro-
vide a valve prosthesis implantation technique using a
two-balloon catheter and a two-frame device.

[0022] These aims are achieved according to the
present invention which provides a two-part implantable
valve according to claim 1.

[0023] The IV, which is strongly embedded, enables
the implantable valve to be maintained in the right posi-
tion without any risk of further displacement, which would
be a catastrophic event.

[0024] WO 94/12136 discloses stents for body lumens
exhibiting peristaltic.

[0025] US 5,332,402 discloses a percutaneously-in-
serted cardiac valve having two components: a tubular
structure and an obturator slidable within the tubular
structure.

[0026] More precisely, this valvular structure compris-
es a valvular tissue compatible with the human body and
blood, which is supple and resistant to allow said valvular
structure to pass from a closed state to an open state to
allow a body fluid, more particularly the blood, exerting
pressure on said valvular structure, to flow. The valvular
tissue forms a continuous surface and is provided with
guiding means formed or incorporated within, creating
stiffened zones which induce the valvular structure to fol-
low a patterned movement from its open position to its
closed state and vice-versa, providing therefore a struc-
ture sufficiently rigid to prevent diversion, in particular
into the left ventricle and thus preventing any regurgita-
tion of blood into the left ventricle in case of aortic im-
plantation.

[0027] Morecver, the guided structure of the IV allows
the tissue of this structure to open and close with the
same patterned movement while occupying as little
space as possible in the closed state of the valve. There-
fore, owing to these guiding means, the valvular structure
withstands the unceasing movements under blocd pres-
sure changes during the heart beats.

[0028] More preferably, the valvular structure has a
substantially truncated hyperboloidal shape in its ex-
panded position, with a larger base and a growing closer
neck, ending in a smaller extremity forming the upper
part of the valvular structure. The valvular structure has
a curvature at its surface that is concave towards the
aortic wall. Such a shape produces a strong and efficient
structure in view of the systolo-diastclic movement of the
valvular tissue. Such a valvular structure with its simple
and regular shape also lowers the risk of being damaged
by forceful balloon inflation at the time of IV deployment.
[0029] A trunco-hyperboloidal shape with a small di-
ameter at the upper extremity facilitates the closure of
the valve at the beginning of diastole ininitiating the start-
ing of the reverse movement of the valvular tissue to-
wards its base. Another advantage of this truncated hy-
perboloidal shape is that the upper extremity of the val-
vular structure, because of its smaller diameter, remains
at a distance from the coronary ostia during systole as
well as during diastole, thus offering an additional secu-
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rity to ensure not to impede at all the passage of blood
from the aorta to the coronary ostia.

[0030] As another advantageous embodiment, the
guiding means of the valvular structure are inclined strips
from the base to the upper extremity of the valvular struc-
ture with regard to the central axis of the valvular struc-
ture. This inclination initiates and imparts a general heli-
coidal movement of the valvular structure around said
central axis at the time of closure or opening of said struc-
ture, such a movement enabling to help initiate and final-
ize the closure of the valvular structure. In particular, this
movement improves the collapse ofthe valvular structure
towards its base at the time of diastole and during the
reversal of flow at the very beginning of diastole. During
diastole, the valvular structure thus falls down, folding on
itself and collapses onits base, therefore closing the aor-
tic orifice. The strips can be pleats, strenghthening struts
or thickened zones.

[0031] In other embodiments, said guiding means are
rectilinear strips from the base to the upper extremity of
the valvular structure. In this case, the guiding means
can comprise pleats, struts or thickened zones. In a par-
ticular embodiment, the stiffened zones then created can
be advantageously two main portions, trapezoidal in
shape, formed symmetrically one to each other with re-
gard to the central axis of the valvular structure, and two
less rigid portions separating said two main portions to
lead to a tight closeness in shape of a closed slot at the
time of closure of the upper extremities of the main por-
tions of the valvular structure. The thickened zones can
be extended up to form the stiffened zones.

[0032] More particularly, each of said main slightly rigid
portions occupy approximately one third of the circum-
ference of the valvular structure when this latter is in its
open position. The slightly rigid portions maintain the val-
vular structure closed during diastole by firmly applying
themselves on each other. The closure of the valvular
structure at the time of diastole thus does not have any
tendency to collapse too much towards the aortic annu-
lus.

[0033] Preferably, the guiding means are a number of
pleats formed within the tissue by folding, or formed by
recesses or grooves made in the tissue. The shape of
the pleats is adapted to achieve a global shape of the
desired type for said position.

[0034] Alternatively, the guiding means are made of
strengthening struts, preferably at least three, incorpo-
rated in the tissue in combination or not with said pleats.
[0035] The guiding means and, in particular, the
strengthening struts, help to prevent the valvular tissue
from collapsing back too much and to reverse inside the
left ventricle through the base of the frame, preventing
the risk of blood regurgitation.

[0036] In a preferred prosthetic valve of the invention,
said valvular tissue is made of synthetic biocompatible
material such as Teflon® or Dacron@, polyethylene,
polyamide, or made of biological material such as peri-
cardium, porcine leaflets and the like. These materials
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are commonly used in cardiac surgery and are quite re-
sistant, particularly to folding movements due to the in-
ceasing systolo-diastolic movements of the valvular tis-
sue and particularly at the junction with the frame of the
implantable valve.

[0037] The valvular structure is fastened along a sub-
stantial portion of an expandable frame, by sewing, by
molding or by gluing to exhibit a tightness sufficiently her-
metical to prevent any regurgitation of said body fluid
between the frame and the valvular structure.

[0038] Preferably, an internal cover is coupled or is
integral to the valvular structure and placed between said
valvular structure and the internal wall of the frame to
prevent any passage of the body fluid through said frame.
Therefore, there is no regurgitation of blood as it would
be the case if there were any space between the valvular
structure fastened on the frame and the zone of applica-
tion of the frame on the aortic annulus. The internal cover
makes a sort of "sleeve™ at least below the fastening of
the valvular structure covering the internal surface of the
frame and thus prevents any regurgitation of blood
through the frame.

[0039] Inthe presentinvention, the frameis a substan-
tially cylindrical structure capable of maintaining said
body channel openin its expanded state and supporting
said collapsible valvular structure.

[0040] In a preferred embodiment of the invention, the
frame is made of a material which is distinguishable from
biological tissue to be easily visible by non invasive im-
aging techniques.

[0041] Preferably, said frameis a stainlessmetal struc-
ture or a foldable plastic material, made of intercrossing,
preferably with rounded and smooth linear bars. This
frame is strong enough to resist the recoil phenomenon
of the fibrous tissue of the diseased valve. The size of
the bars and their number are determined to give both
the maximal rigidity when said frame is expanded and
the smallest volume when the frame is compressed.
[0042] More preferably, the frame has projecting
curved extremities and presents a concave shape. This
is aimed at reinforcing the embedding and the locking of
the implantable valve in the distorted aortic orifice.
[0043] According to the present invention, the IV is
made in two parts, a first reinforced frame coupled with
a second frame which is made of thinner bars than said
first frame and which is embedded inside the second
frame. This second frame to which the valvular structure
is fastened as described above, is preferably less bulky
than the first frame to occupy as little space as possible
and to be easily expanded using low pressure balloon
inflation.

[0044] The present invention also relates to a double
balloon catheter to separately position the first frame in
the dilated stenosed aortic valve and place the second
frame that comprises the valvular structure. This catheter
comprises two balloons fixed on a catheter shaft and sep-
arated by few centimeters.

[0045] The first balloon is of the type sufficiently strong
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to avoid bursting even at a very high pressure inflation
and is aimed at carrying, in its deflated state, a strong
frame aimed at scaffolding the previously dilated sten-
osed aortic valve. The second balloon is aimed at carry-
ing the second frame with the valvular structure.

[0046] An advantage of this double balloon catheter is
that each balloon has an external diameter whichis small-
er than known balloons since each element to be ex-
panded is smaller.

[0047] Moreover, such a double balloon catheter al-
lows to enlarge the choice for making an efficient valvular
structure enabling to overcome the following two contra-
dictory conditions:

1) having a soft and mobile valvular structure capa-
ble of opening and closing freely in the blood stream,
without risk of being damaged by balloon inflation;
and

2) needing a very strong structure able to resist the
recoil force of the stencsed valve and capable of
resisting, without any damage, a strong pressure in-
flation of the expanding balloon.

[0048] Furthermore, the shaft of said double balloon
catheter comprises two lumens for successive and sep-
arate inflation of each balloon. Of note, an additional lu-
men capable of allowing a rapid inflation takes additional
room in the shaft.

[0049] The description also discloses a method of us-
ing a two-balloon catheter with a first frame and second
frame to which a valve prosthesis of the type previously
described is fastened.’

DESCRIPTION OF THE DRAWINGS

[0050] The invention will now be explained and other
advantages and features will appear with reference to
the accompanying schematical drawings wherein :

- Figures 1a, 1b and 1c illustrate, in section views,
respectively, the normal aortic valve in systole, in
diastole and a stenosed aortic valve;

- Figures 2a and 2b illustrate two examples of a me-
tallic frame which are combined to a valvular struc-
ture according to the present invention;

- Figures 3a and 3b illustrate a frame in its expanded
position with an opening cut of the extremities, re-
spectively, with a cylindrical and a concave shape;

- Figures 4a and b illustrate an IV respectively in its
compressed position and in its expanded positicnin
an open position as in systole;

- Figures ba and 5b illustrate respectively an IV in its
closed position and a sectional view according to the
central axis of such a valvular structure which is
closed as in diastole;

- Figures 6a to 6d illustrate a sectional view according
to the central axis of an IV and showing the internal
cover and the external cover of the valvular structure
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overlapping partially or non overlapping the frame
bars;

- Figure 7 illustrates the frontal zig-zag fastening line
of the valvular tissue on the frame;

- Figures 8a and 8billustrate, respectively, a perspec-
tive view of a valvular structure and an internal cover
made all of one piece and a perspective view of the
corresponding frame into which they will be inserted
and fastened;

- Figures 8a and 9b illustrate inclined strengthening
struts, an example of a valvular structure, respec-
tively in the open position and in the closed position;

- Figures 10a and 10b illustrate an example of a val-
vular structure comprising pleats, respectively in the
open and in the closed position;

- Figures 11a and 11b illustrate a valvular structure
comprising two trapezoidal slightly rigid portions, re-
spectively in the open and in the closed position;

- Figures 11cto 11eillustrate a valvular structure com-
prising a rectangular stiffened zone, respectively in
the open, intermediate and closed position;

- Figures 12a and 12b illustrate, respectively, a per-
spective and cross sectional views of animplantable
valve in its compressed presentation squeezed on
a balloon catheter;

- Figures 13a to 13l illustrate views of the successive
procedure steps for the IV implantation in a stenosed
aortic orifice;

- Figure 14illustrate animplantable valve madeintwo
parts according to the present invention in its com-
pressed presentation squeezed on a two-balloon
catheter with a reinforced frame on a first balloon
and with the implantable valve on the second bal-
loon; and

- Figures 1ba to 15fillustrate the successive steps of
the implantation of the implantation valve in two parts
with a two-balloon catheter;

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0051] In the diastole and systole illustrations of sec-
tion views of Figures 1a and 1b, the arrows A indicates
the general direction of the blood flow. The semi-lunar
leaflets 1 and 2 of a native aortic valve (with only two out
of three shown here) are thin, supple and move easily
from the completely open position (systole) to the closed
position (diastole). The leaflets originate frcm an acrtic
annulus 2a.

[0052] The leaflets 1" and 2’ of a stenosed valve as
illustrated in Figure 1c, are thickened, distorted, calcified
and more or less fused, leaving only a small hole or a
narrow slit 3, which makes the gjection of blood from the
left ventricle cavity 4 intc the aorta 5 difficult and limited.
Figures 1a to 1c show alsc the coronary artery ostium
6a and 6b and Figure 1a shows, in particular, the mitral
valve 7 of the left ventricle cavity 4.

[0053] Animplantable valve according to theinvention
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essentially comprises a supple valvular structure sup-
ported by a strong frame. The positioning of the implant-
able valve isanimportant point since the expanded frame
has to be positioned exactly at the level of the native
valvular leaflets 1, 2 of the native valve, the structures of
which are pushed aside by the inflated balloon.

[0054] Ideally, the implantable valve is positioned with
the fastening line of the valvular structure on the frame
exactly on the remains of the crushed stenosed valve to
prevent any regurgitation of blood. In practice, itis difficult
to position the implantable valve within less than 2 or 3
mm. However, any risk of regurgitation of blood is elim-
inated with the presence of an internal cover, as will be
described below.

[0055] The upper limit of the frame should be placed
below the opening of the coronary arteries, i.e., the cor-
onary ostia 8, or at their level so that the frame does not
impede free blood flow in the coronary arteries. This point
is a delicate part of positioning an IV since the distance
between the superior limit of the leaflets of the natural
valve and the coronary ostia 6 is only about 5 to 6 mm.
However, the ostia are located in the Valsalva sinus 8
which constitutes a hollow that are located a little out of
the way. This helps to prevent from impeding the coro-
nary blood flow by the V.

[0056] At the time of implantation, the operator evalu-
ates the exact positioning of the coronary ostia by locking
at the image produced by a sus-valvular angiogram with
contrast injection performed before the implantation pro-
cedure. This image will be fixed in the same projection
on a satellite TV screen and will permit the evaluation of
the level of the origin of theright and left coronary arteries.
Possibly, in case the ostia are not clearly seen by sus-
valvular angiography, a thin guide wire, as those used in
coronary angioplasty, is positioned in each of the coro-
nary arteries to serve as a marker of the coronary ostia.
[0057] The lower part of the frame of the IV preferably
extends by 2 or 3 mm inside the left ventricle 4, below
the aortic annulus 2a. However, this part of the frame
should not reach the insertion of the septal leaflet of the
mitral valve 7, so that it does not interfere with its move-
ments, particularly during diastole.

[0058] Figures 2a and 2b show respectively an exam-
ple of a cylindrical frame 10 comprising intercrossing lin-
ear bars 11, with two intersections | by bar 11, the bars
11 being soldered or provided from a folded wire to con-
stitute the frame, with for instance a 20 mm, 15 mm or
12 mm height, and an example with only oneintersection
of bars 11. Preferably, such a frame is expandable from
a size of about 4 to 5 millimeters to a size of about 20 to
25 mm in diameter, or even to about 30-35 mm {or more)
in particular cases, for instance for the mitral valve. More-
over, said frame, in its fully expanded state, has a height
of approximately between 10 and 15 mm and in its fully
compressed frame, a height of approximately 20 mm.
The number and the size of the bars are adapted to be
sufficiently strong and rigid when the frame is fully open
in the aortic orifice to resist the strong reccil force exerted
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by the distorted stenosed aortic orifice after deflation of
the balloon used in the catheterization technique which
has been previously maximally inflated to enlarge the
stenosed valve orifice;

[0059] The frame may have several configurations ac-
cording to the number of bars 11 and intersections. This
number, as well as the size and the strength of the bars
11, are calculated taking into account all the require-
ments described, i.e., asmall sizeinits compressedform,
its capacity to be enlarged up to at least 20 mm in diam-
eter and being strong when positioned in the acrtic orifice
to be able to be forcefully embedded in the remains of
the diseased aortic valve and to resist the recoil force of
the aortic annulus. The diameter of the bars is choosen,
for instance, in the range of 0.1-0.6 mm.

[0060] A frame particularly advantageous presents,
when deployed in its expanded state, an opening out 12
at both extremities as shown in Figures 3a and 3b, the
frame having a linear profile (Figure 3a) or a concave
shape profile (Figure 3b). This is aimed at reinforcing the
embedding of the IV in the aortic crifice. However, the
free extremities of the openings 12 are rounded and very
smeoth to avoid any traumatism of the aorta or of the
myocardium.

[0061] The structure of a preferred frame used in the
present invention both maintains the aortic orifice fully
open once dilated and produces a support for the valvular
structure. The frame is alsc foldable. When folded by
compression, the diameter of said frame is about 4 to 5
millimeters, in view of its transcutaneous introduction in
the femoeral artery through an arterial sheath of 14 to 16
F (F means French, a unit usually used in cardiology
field)i.e.,about4.5tc 5.1 mm. Also, as described below,
when positioned in the acrtic orifice, the frame is able to
expand under the force of an inflated balloon up to a size
of 20 to 23 mm in diameter.

[0062] The frame is preferably a metallic frame, pref-
erably made of steel. It constitutes a frame with a grate
type design able to support the valvular structure and to
behave as a strong scaffold for the open stenosed aortic
orifice.

[0063] Whentheframeis fully expanded, its intercross-
ing bars push against the remains of the native stenosed
valve that has been crushed aside against the aortic an-
nulus by the inflated balloon. This produces a penetration
and embeds the bars within the remains of the stenosed
valve, in particular owing to a concave profile of the frame
provided with an opening out, as illustrated in Figure 3b.
This embedding of the frame on the aortic annulus, or
more precisely on the remains of the crushed distorted
aortic valve, will be determinant for the strong fixation of
the IV in the right position, without any risk of displace-
ment.

[0064] Moreover, the fact that the valve leaflets in de-
generative aortic stenosis are grossly distorted and cal-
cified, sometimes leaving only a small hole or a small slit
in the middle of the orifice, has to be considered an ad-
vantage for the implantation of the valve and for its stable
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positioning without risk of later mobilization. The fibrous
and calcified structure of the distorted valve provides a
strong base for the frame of the IV and the powerful reccil
phenomenon that results from elasticity of the tissues
contribute to the fixation of the metallic frame.

[0065] The height of the fully expanded frame of the
illustrated frames 10 is preferably between 10 and 15
mm. Indeed, since the passage from the compressed
state to the expanded state results in a shortening of the
metallic structure, the structure in its compressed form
is a little longer, i.e., preferably about 20 mm length. This
does not constitute a drawback for its transcutaneous
introduction and its positioning in the aortic orifice.
[0066] As mentioned above, the frame is strong
enough to be able to oppose the powerful recoil force of
the distended valve and of the acrtic annulus 2a. Prefer-
ably it does not possess any flexible properties. When
the frame has reached its maximal expanded shape un-
der the push of a forcefully inflated ballocn, it remains
substantially withcut any decrease in size and without
any change of shape. The size of the bars that are the
basic elements of the frame is calculated in such a way
to provide a substantial rigidity when the frame is fully
expanded. The size of the bars and their number are
calculated to give both maximal rigidity when expanded
and the smallest volume when the metallic frame is its
compressed position.

[0067] At the time of making the IV, the frame is ex-
panded by dilatation to its broadest dimension, i.e., be-
tween 20 mm and 25 mm in diameter, so as toc be able
to fasten the valvular structure on the inside side of its
surface. This fastening is performed using the techniques
in current use for the making of products such as cther
prosthetic heart valves or multipclars catheters etc. Af-
terwards, it is compressed in its minimal size, i.e.,4 or 5
mm, in diameter in view of its introduction in the femoral
artery. Attime ofthe IV positioning, the frame isexpanded
again by balloon inflation to its maximal size in the aortic
orifice.

[0068] If the frame is built in an expanded position, it
will be compressed, after fastening the valvular structure,
by exerting a circular force on its periphery and/or on its
total height until obtaining the smallest compressed po-
sition. If the frame is built in its compressed position, it
will be first - dilated, for instance, by inflation of a balloon
and then compressed again as described above.
[0069] To help localizing the IV, the frame being the
only visible component of the valve, the shaft of the bal-
loon catheter on which will be mounted the IV before
introduction in the body (see below) possesses prefer-
entially metallic reference marks easily seen on flucros-
copy. One mark will be at level of the upper border of the
frame and the other at the level of the lower border. The
IV, when meounted on the catheter shaft and crimpled on
it, is exactly positioned taking intc account these refer-
ence marks on the shaft.

[0070] Accordingly, the frame is visible during flucros-
copy when introduced in the patient’s body. When the
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frame is positioned at the level of the aortic annulus, the
upper border of the frame is placed below the coronary
ostia. Furthermcre, the implanting process during which
the ballocn inflation completely obstructs the aortic ori-
fice, as seen below, is performed within a very short time,
i.e., around 10 to 15 seconds. This also explains why the
frame is clearly and easily seen, without spending time
to localize it. More particularly, its upper and lower bor-
ders are clearly delineated.

[0071] Figures 4a and 4b show an example ofa IV 13
respectively in its compressed position, in view of its in-
troduction and positicning in the aortic orifice, and in its
expanded and opened (systole) position. Figures 5a and
5b show the expanded position of this example closed
in diastole, respectively in perspective and in a crossed
section view along the central axis X'X of the valve pros-
thesis.

[0072] The valvular structure 14 is compressed inside
the frame 10 when this is in its compressed position (Fig-
ure 4a), i.e., it fits into a 4 to 5 mm diameter space. On
the other hand, the valvular structure can expand (Figure
4b} and follow the frame expansion produced by the in-
flated ballocn. It will have to be able to reach the size of
the inside of the fully deployed frame.

[0073] The illustrated IV 13 is made of a combination
of two main parts:

1} the expandible but substantially rigid structure
made of the frame 10, a metallic frame in the exam-
ple; and

2} a soft and mobile tissue constituting the valvular
structure 14 exhibiting a continuous surface truncat-
ed between a base 15 and an upper extremity 16;
the tissue is fastened to the bars 11 of the frame at
its base 15and is able to openin systole and to close
in diastole at its extremity 16, as the blood flows in
a pulsatile way from the left ventricle towards the
aorta.

[0074] The tissue hasrectilinear struts 17 incorporated
in it in plane including the central axis X'X, in order to
strengthen it, in particular, in its closed state with a min-
imal occupation of the space, and to induce a patterned
movement between its open and closed state. Other ex-
amples of strengthening struts are described below. They
are formed from thicker zones of the tissue or from strips
of stiffening material incorporated in the tissue; they can
also beglued or soldered on the valvular tissue.

[0075] These strengthening struts help to prevent the
valvular tissue from collapsing back tocomuchand to evert
inside the left ventricle through the base of the frame.
These reinforcements of the valvular tissue help maintain
the folded tissue above the level of the crifice during
diastole , prevent too much folding back and risk of in-
version of the valvular structure inside the left ventricle.
By also preventing toc much folding, a decrease of the
risk of thrombi formation can also be expected by reduc-
ing the number of folds.
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[0076] The truncated shape forming a continuous sur-
face enables to obtain a strong structure and is more
efficient for the systolo-diastolic movements of the val-
vular tissue during heart beats. The truncoidal shape fa-
cilitates the closure of the valve structure at the beginning
ofdiastole in facilitating the start of the reverse movement
of the valvular tissue towards its base at the time of di-
astole, i.e., at the time of flow reversal at the very begin-
ning of diastole. During diastole, the valvular structure
14 thus falls down, folding on itself, thereby collapsing
on its base, and therefore closing the aortic crifice. In
fact, the valvular structure has preferably, as illustrated,
an hyperboloid shape, with a curvature on its surface
concave towards the aortic wall that will contribute to in-
itiating its closure.

[0077] Moreover, the basis of the truncated hyperbo-
loid is fixed on the lower part of a frame and the smallest
extremity of the truncated hyperboloid is free in the blood
stream, during the respected closing and opening phasis.
[0078] An important advantage of this hyperbolcidal
shape is that the upper extremity 16 of the valvular struc-
ture 14 can remain at a distance from the coronary ostia
during systole as well as during diastole, because of its
smaller diameter, thus offering an additional security to
make certain that the passage of blocd from aorta to the
corconary ostia is not impeded.

[0079] The base 15 of the truncated tissue is attached
on the frame 10 along a line of coupling 18 disposed
between the inferior fourth and the third fourth of the
frame in the example. The upper extremity 16, with the
smaller diameter, overpasses the upper part of the frame
by a few millimeters; 8 to 8 mm, for instance. This gives
the valvular structure a total height of about 12 to 15 mm.
[0080] The upper extremity 16 of the truncated tissue,
i.e., the smaller diameter of the hyperboloidal structure
14, is about 17 to 18 mm in diameter (preducing a 2.3 to
2.5 cm? area opening) for a 20 mm diameter base of the
truncated structure, or 19 to 20 mm in diameter (produc-
ing a 2.8 or a 3 cm? area opening) for a 23 mm diameter
base. An opening area around 2 cm? or slightly above,
gives satisfactory results, particularly in elderly patients
who would not reasonably need to exert high cardiac
output.

[0081] For instance, in the present example, the line
of fastening of the base of the truncated tissue on the
frame will have to expand from a 12.5 mm perimeter (for
a 4 mm external diameter of the compressed V) to a 63
mm perimeter (for a 20 mm external diameter of the ex-
panded V), or to a 72 mm perimeter (for a 23 mm external
diameter, in case a 23 mm balloon is used).

[0082] Another advantage ofthis truncated continuous
shape is that it is stronger and has less risk of being
destroyed or distorted by the forceful balloon inflation at
the time of IV deployment. Also, if the truncated hyper-
boloidal shape is marked, for instance, with a 16 or 17
mm diameter of the upper extremity as compared to a
20 mm diameter of the base {or 18 to 20 mm for 23 mm),
the smaller upper part is compliant during balloon infla-
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tion in order to enable the balloon to expand cylindrically
to its maximal 20 mm diameter {or 23 mm). This is made
possible by using a material with some elastic or compli-
ant properties.

[0083] The valvular structure of the invention, as
shown in the illustrated example, includes advanta-
geously a third part, i.e., the internal cover 19 to be fixed
on the internal wall of the frame 10. This internal cover
prevents any passage of blood through the spaces be-
tween the bars 11 of the frame in case the implantable
valve would be positioned with the fastening line of the
valvular structure on the frame not exactly on the remains
of the dilated aortic valve, i.e., either above or below. It
also strengthens the fastening of the valvular structure
14 to the frame 10.

[0084] In the different sectional views of the different
examples of IV according to the invention, as illustrated
at Figures Ba to8c, theinternal cover 19 covers the totality
of the internal side of the frame 10 (Figure 6a), only the
lower part of the frame 10 (figure 6b), or it can additionally
cover partially 3 to 5 mm as shown in the passage of
blood from aorta to the coronary ostia Figure 6¢, the up-
per part defined above the coupling line 18 ofthe valvular
structure.

[0085] Forinstance, such an extension of the internal
cover 19 above the fastening line 18 of the valvular struc-
ture will give another security tc avoid any risk of regur-
gitation through the spaces between the bars 11 in case
the IV would be positioned too low with respect to the
border of the native aocrtic valve.

[0086] The internal cover can alsc be molded to the
valvular structure or casted to it which therefore consti-
tutes an integral structure. The valvular structure and the
internal cover are therefore strongly locked together with
minimum risk of detachment of the valvular structure
which is unceasingly in motion during systole and dias-
tole. In that case, only the internal cover has to be fas-
tened on the internal surface of the frame which renders
the making of the IV easier and makes the complete de-
vice stronger and more resistant. In particular, the junc-
tion of the mobile part of the valvular structure and the
fixed part being molded as one piece is stronger and
capable to face the inceasing movements during the sys-
tolo-diastolic displacements without any risk of detach-
ment.

[0087] The presence of the internal cover makes an
additional layer of plasticmaterial that occupies the inside
of the frame and increases the final size of the IV. There-
fore, in the case in which the internal cover is limited to
the inferior part of the frame (that is, below the fastening
line of the valvular structure}, it does not occupy any ad-
ditional space inside the frame. Here also, it is more con-
venient and safer to make the valvular structure and this
limited internal cover in one piece.

[0088] In other aspects, to prevent any regurgitation
of blood from the aorta towards the left ventricle during
diastole, the base of the valvular structure is preferably
positioned exactly at the level of the aortic annulus
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against the remains of distorted stenosed valve pushed
apart by the inflated balloon. Therefore, there is no pos-
sibility of blood passage through the spaces between the
metallic frame bars 11 below the attachment of the val-
vular structure.

[0089] However, to avoid any risk of leaks, the part of
the frame below the fastening of the valvular structure
(about 3 to 5 mm) is preferably covered by an internal
cover which is preferably made with the same tissue as
the valvular structure. Thus, there would be no regurgi-
tation of blood which is a possibility when there is any
space between the valvular structure fastened onthe me-
tallic frame and the line of application of the frame on the
aortic annulus. The internal cover makes a sort of
"sleeve" below the fastening of the valvular structure on
the internal surface of the frame, covering the spaces
between the frame bars of the frame at this level, thus
preventing any regurgitation of blood through these spac-
es.

[0090] The internal cover can also have another func-
tion, i.e., it can be used to fasten the valvular structure
inside the frame, as described below.

[0091] At Figure &d, the internal cover 19 is extended
atits lower end 19 to an external cover 19" whichis rolled
up to be applied on the external wall of the stent 10. The
internal and external cover are molded, glued or soldered
to the bars of the stent 10.

[0092] The coupling process of the valvular structure
on the frame is ofimportance since it has to be very strong
without any risk of detachment of the valvular structure
fromthe frame during millions of heart beats with pulsatile
blood flow alternatively opening and closing the valvular
structure.

[0093] The valvular structure of the invention folds toa
very small size inside the frame in the compressed po-
sition of the valve and is expandable up to 20 to 23 mm
diameter. Also, the valvular structure canresistthe stroeng
force exerted by the maximally inflated balloon that will
powerfully squeeze it against the bars of the frame or
against the internal cover, this cne being squeezed di-
rectly against the bars of the frame. The junction zone is
also particularly subjected tc very strong pressure exert-
ed by the inflated ballcon. Furthermore, thisjunction zone
must not tear or break off during expansion of the balloon.
At this time, each part of the junction zcne is squeezed
against the bars but nonetheless follows the expansion
of the frame.

[0094] As shown in Figure 7, the junction zone is, for
example, a fastening line 20 which follows the design of
a"zig-zag" line drawn by the intercrossing bars 11 of the
frame on the internal cover 19.

[0095] The fastening of the valvular structure to the
frame can be made by sewing the internal and/or the
external cover to the bars. To prevent any leakage of
blood, stitches are preferably numerous and very close
to each other, either as separated stitches or as a con-
tinuous suture line. Also, the stitches are made directly
around the bars 11. Furthermore, since the valvular struc-
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ture is expanded together with the metallic frame, the
stitches, if made as a continuous suture line, are also
able to expand at the same time.

[0096] The fastening process can also be made by
molding the base of the valvular structure on the frame.
At this level, the bars 11 are imbedded in the coupling
line of the valvular structure 14. This mold way alsoc con-
cerns the internal cover 12, when it goes below the cou-
pling line 14 on the frame over few millimeters, for exam-
ple, 2 to 4 mm. As mentioned above, this is intended in
order to prevent any regurgitation of blood just below the
lower part of the valvular structure 14 in case the frame
10 would not be exactly positioned on the aortic annulus
but at few millimeters away.

[0097] The fastening process can further be made by
gluing or soldering the valvular structure on the bars with
sufficiently powerful biccompatible glues. The same re-
mark can be made concerning the internal cover of the
frame below the coupling line of the valvular structure.
[0098] Also, this allows the coupling line to follow the
frame changes from the compressed position to its ex-
panded one.

[0099] The valvular structure can also be fastened on
the internal cover previously fixed at the total length of
the internal surface of the metallic frame. The internal
cover constitutes therefore a surface on which any type
of valvular structure be more easily sewed, molded or
glued. Because it is a structure with a large surface and
is not inveolved in the movements of the valvular tissue
during systole and diastole, the internal cover is more
easily fastened tc the internal surface of the frame.
[0100] In the particular embodiment shown in Figure
8, the internal cover 19 is fastened, after introduction (in-
dicated by the arrow B}, at the upper and lower extrem-
ities of the frame 10 on the upper and lower zig-zag lines
of the intercrossing bars 11. In fact, the fastening of the
internal cover 19 on the zig-zag lines made by the inter-
crossing bars 11 of the frame allows an easier passage
ofblocd frem the aorta above the IV towards the coronary
ostia. Indeed, the blood can find more space to flow into
the coronary ostia by passing through the lowest point
of each triangular space made by two intercrossing bars
11, as indicated by the arrows A1 {see alsc Figure 1b).
[0101] The fastening of the internal cover 19 on the
extremities can be reinforced by various points of attach-
ment cn various parts of the internal surface of the frame
10. The internal cover 27 can be fastened by sewing,
molding or gluing the bars 11 onto the frame.

[0102] Fastening the valvular tissue {and the covertis-
sue below) on the inside of the frame, requires work on
the frame in its expanded position to have access to the
inside of this cylindric frame. In a preferred embodiment
the frame is expanded a first time for fastening the val-
vular tissue onits bars, then compressed back tc a small-
er size to be able to be introduced via arterial introcducer
and finally expanded again by the balloon inflation.
[0103] Sinceitis aimed at being positioned in the heart
after having been introduced by a catheterization tech-
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nique by a transcutaneous route in a peripheral artery,
mainly the femoral artery, the IV should preferably have
the smallest possible external diameter. Ideally, it should
be able to be introduced in the femoral artery through a
14 F {4,5 mm) size arterial introducer which is the size
of the arterial intrcducer commonly used to perform an
aortic dilatation. However, a 16 F (5,1 mm) or even a 18
F (5,7 mm) introducer would alsc be acceptable.
[0104] Above this size, the introduction of the IV in the
femoral artery should probably be done by a surgical
technique. This is still quite acceptable since the surgical
procedure would be a very light procedure which could
be done by a surgeon with a simple local anaesthesia. It
has to be recalled that this technique is used to position
big metallic frames, about 24 F in size (7.64 mm in diam-
eter), in the abdominal aorta for the treatment of aneu-
rysms of the abdominal aorta. In that situation, this ne-
cessitates surgical repair of the artery after withdrawal
of the sheath (M. D. Dake, New Engl. J Med. 1994;331:
1729-34).

[0105] Ideally, an IV should be able to last several
tenths of life years without defect, like the mechanical
prosthetic valves which are currently implanted by the
surgeons. Nevertheless, an implantable valve that would
last at least ten years without risk of deterioration would
be effective for the treatment of elderly patients.

[0106] A valvular structure accerding to the invention
is made of a supple and reinforced tissue which has a
thickness to be thin enough to occupy as less as possible
space in the compressed form of the valve, is pliable,
and also strong enough to stand the unceasing move-
ments under the blood pressure changes during heart
beats. The valvular structure is capable of moving from
its closed position to its open position under the action
of the force exerted by the movements of the blood during
systole and diastole, without having any significant re-
sistance to blood displacements.

[0107] The material used for the tissue, which exhibits
the above mentioned requirements, may be Teflon® or
Dacron®, which are quiteresistant to folding movements,
atleast when they are used to repair cardiac defects such
as inter-atrial or interventricular defects or when they are
used to repair a valve such as the mitral valve which is
subjected to high pressure changes and movements dur-
ing heart beats. Also, a main point is the inceasing sys-
tolo-diastolic movements of the valvular tissue, particu-
larly at its junction with the rigid part of the IV, and it is
therefore necessary to find the most possible resistant
material tissue.

[0108] As mentioned previously, the valvular structure
can also possibly be made with biological tissue such as
the pericardium, or with porcine leaflets, which are com-
monly used in bicprosthetic surgically implanted valves.
[0109] Moreover, the valvular prosthesis of the present
invention does notinduce any significantthrombosis phe-
nocmenon during its stay in the bBlood flow and is biolog-
ically neutral.

[0110] To prevent the risk of thrombus formation and
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of emboli caused by clots, a substance with anti-thrombic
properties could be used, such as heparine, ticlopidine,
phosphorylchcoline, etc. either as a coating material or it
can be incorporated into the material used for the im-
plantable valve, in particular, for the valvular structure
and/or for the internal cover.

[0111] The valvular structure of the invention can have
several types of designs and shapes. Besides the exam-
ple illustrated in Figures 4 and 5, examples of strength-
ened valvular structures according to the invention are
shown in Figures @ to 11, respectively in the closed (fig-
ures 9a, 10a, 11a) and in the open state (figures 9b, 10b,
11b) to form a prosthetic valve according to the present
invention. In those figures, the frame line is simplified to
clarify the drawings.

[0112] To help initiate and finalize the closure of the
valvular structure, four strengthening struts 14 are slightly
incdlined from the base to the upper part as compared to
the central axis XX of the structure, as shown in Figures
9a and Sb. Accordingly, a patterned movement of the
valvular structure, during the closing and the opening
phases, is initiated. This patterned movement is, in the
present case, an helicoidal-type one, as suggested in
Figures 9b and 10b by the circular arrow.

[0113] Figures 10a and 10k illustrate another embod-
iment to help the closing of the valvular structure and
which also involves an helicoidal movement. Represent-
ed by lines 22, inclined pleats are formed in the tissue to
impart such a movement. As illustrated, these lines have
an inclination from the base to the upper part of the tissue
14. Pleats are formed by folding the tissue or by alternat-
ing thinner and thicker portions. The width and the
number of those pleats are variable, and depend partic-
ularly on the type of material used. According to another
example, these pleats 34 are combined with the above
described inclined strengthening struts.

[0114] These reinforcing pleats and/or struts, rectilin-
ear or inclined, have the advantage to impart a reproduc-
ible movement and, accordingly, to aveid the valvular
structure from closing to a nonstructurized collapse on
the frame base.

[0115] Another shape of the valvular structure com-
prises two portions: one portion being flexible but with
some rigidity, having a rectangular shape, occupying
about one third of the circumference of the valvular struc-
ture, and the other portion being more supple, flexible
and foldable occupying the rest of the circumference at
its base as well as at its upper, free border. According to
Figure 11¢, this valve is opened, during the ejection of
blood, i.e., during systol. In Figure 11d, a front view of
the valve is closed, during an intermediate diastole, and
in Figure 11e the same closed valve during diastole is
shown from a side view. The semi-rigid part 24’ moves
little during systole and during diastole. The foldable part
23" moves away from the rigid part during systole to let
the blood flow through the crifice thus made. This orifice,
due to the diameter of the upper part which is the same
as that of the open stent, is large, generally as large as
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that of the open stent. At the time of diastole, due to the
reverse of pressure, the foldable part moves back to-
wards the semi-rigid part and presses on it, and thus
closes the orifice and prevents any regurgitation of blocd.
[0116] The advantage ofsucha valve designistoallow
a large opening ofthe upper part of the valvular structure,
not only to permit more blood flow at time of systole after
the valve has been implanted, but alsc at the very time
of implantation, when the balloon is maximally inflated to
expand the valve to imbed it in the valvular annulus. The
diameter of the upper part of the valvular structure could
be the same size as the balloon, so that there would be
no distension of the valvular part of the valve at the time
of implantation, and therefore no risk of deterioration of
the valvular structure by the inflated balloon.

[0117] The foldable part of the valve could be rein-
forced by strenghtening struts to prevent an eversion of
the valve towards the left ventricle during diastole.
[0118] Ancther shape of the valvular structure, as il-
lustrated in Figures 11a and 11b comprise four pertions,
alternatively a main portion 23 and a more narrow portion
24. The main and the narrow portions are facing each
other. Each portion has an isosceles trapezoidal shape.
The main portions 23 are flexible but with some slight
rigidity and the more narrow porticns 24 are compliant,
more supple and foldable. In this type of design, the two
slightly rigid portions 23 maintain the valvular structure
closed during diastole by firmly applying on each cther
in their upper extremities, thus forming a slot-like closure
25. This particular embodiment needs less foldable tis-
sue than in the previous embodiments and the closure
of the valvular structure at the time of early diastole does
not have any tendency to collapse towards the aortic an-
nulus.

[0119] Another design for the valvular structure is a
combination of a cylindrical shape followed by a truncat-
ed shape.

[0120] This type of valvular structure is longer that the
hyperboloidal type, for instance, 25 or 30 mmlong, there-
fore exceeding out of the upper part of the metallic frame,
by 10 to 20 mm. The cylindrical part corresponds to the
metallic frame and remains inside it. The truncated conic
shape is the upper part of the valvular structure, totally
exceeding out of the upper extremity of the metallic
frame. An advantage of such a design is that the ballcon
can be inflated only in the cylindrical part of the valvular
structure, therefore without risk of stretching the truncat-
ed conical part of the upper diameter which is smaller
than that of the inflated balloon.

[0121] When the upper extremity of the cylindrical part
has the same size as the lower extremity, there is no
difference during balloon inflation in the degree of force
exerted by the ballocn on the lower and on the upper
extremity of the valvular structure. Preferably, rectilinear
reinforcing struts are used in this embodiment, to
strengthen the valve structure and aid in its shutting with-
out collapsing and inverting inside the left ventricle
through the aortic annulus under the force of the diastolic

io

15

20

25

30

35

40

45

50

55

11

20

pressure.
[0122] Two different processes for implanting a valve
are shownrespectively in Figures 13ato 13l with aunique
balloon catheter, as illustrated in Figures 12a and 12b
and in Figures 15a to 15f, with a two-balloon catheter
according to the presentinvention, as illustrated in Figure
14.

[0123] The IV positioning in the aortic orifice and its
expansion can be performed with the help of a unique
substantially cylindrical balloon catheter 26 in the so-
called unique-ballocn catheterization technique.

[0124] Preparing forits introduction by transcutanecus
route in the femoral artery, the IV 13 is, as illustrated in
the perspective view of Figure 10ain a compressed form
crimpled on the ballocon catheter 26. A central sectional
view of the mounted IV 13 on the complete ballcon cath-
eter 26 is shown in Figure 12b.

[0125] The shaft 27f of the balloon dilatation catheter
26 is as small as possible, i.e., a 7F (2.2 mm)ora6 F
(1.9 mm} size. The ballocn 26 is mounted on the shaft
27 between two rings R. Moreover, the shaft 27 compris-
es a lumen 28 (Figure 12b) as large as possible for in-
flation of the balloon 28 with diluted contrast to allow sim-
ple and fast inflation and deflation. It has also another
lumen 29 able to accept a stiff guide wire 30, for example
0.036 to 0.038 inches {0.97 mm), to help position the
implantable valve with precision.

[0126] The ballocn 26 has, for example, a 3 to 4 cm
lengthinits cylindrical part and the smallest possible size
when completely deflated so that it will be able tc be
placed inside the folded valve having an outside diameter
which ranges between about 4 and 5 mm. Therefore, the
folded balloon preferably has at the most a section diam-
eter of about 2.5 to 3 mm.

[0127] The balloon is therefore made of a very thin
plastic material. Itisinflated with saline containing a small
amount of contrast dye in such a way to remain very fluid
and visible when using X-ray.

[0128] However, the balloon 26 has to be sufficiently
strong to resist the high pressure that it has to withstand
to be capable of expanding the folded valvular structure
14 and the compressed frame in the stencsed acrtic or-
ifice considering that, although pre-dilated, the aortic or-
ifice still exerts a quite strong resistance to expansion
because of the reccil phenomenon.

[0129] This procedure is shown in Figures 13ato 13e.
[0130] Incontrastto the technique used when perform-
ing the usual aortic dilatation {(without valveimplantation),
i.e., inflating the balloon maximally markedly above the
nominal pressure, if possible, up to the bursting point
(which occurs always with a longitudinal tear, without del-
eterious consequence, and with the advantage of both
exerting a maximal dilating force and restoring blood
ejection instantaneously), the balloon inflated for expan-
sion of an implantable valve should not burst in any case.
Indeed, bursting of the balloon would involve a risk of
incomplete valve expansion and wrong positicning.
Therefore, the balloon should be very resistant tc a very
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high pressure inflation. Furthermore, the balloon is inflat-
ed only up to the nominal pressure indicated by the maker
and the pressure is controlled during inflation by using a
manometer. Such relatively low pressure should be suf-
ficient since prior to positioning the IV, an efficacicus dil-
atation of the stenosed aortic valve according to the usual
technique with a maximally inflated balloon for example
20 mm or 25 mm in size in such a way to scoften the
distorted valvular tissue and facilitate the enlargement of
the opening of the valve at time of IV implantation is per-
formed.

[0131] The implantation of the aortic valve 20 can be
made in two steps, as described as follows.

[0132] The first step, as shown in Figures 13a to 131,
consists in introducing the shaft 27 and ballcon catheter
26 along the guide wire previously positioned in the ven-
tricle 4 (Figures 13a-13b). The dilatation of the stencsed
aortic valve 1°, 2’ using a regular balloon catheter, ac-
cording to the commonly performed procedure, i.e., with
the guide wire 30 introduced in the ventricle 4 {Figure
13a) and with maximal inflation of the balloon 26 (Figures
13c to 13d} up to the bursting point. Dilatation is per-
formed at least with a balloon having about 20 mm diam-
eter, but it can be performed with a balloon having about
23 mm diameter so as to increase maximally the aortic
orifice opening before implantation of the valve although
the implantable valve is about 20 mm in diameter. This
preliminary dilataticn of the aortic crifice helps in limiting
the force required to inflate the balloon used to expand
the implantable valve and position it in the aortic orifice,
and alsoin limiting the recoil of the acrtic valve that occurs
immediately after balloon deflation. The balloonis deflat-
ed (Figure 13a) and pulled back on the wire guide 30 left
inside the ventricle.

[0133] Owing to the marked recoil of the stenosed
valve and alsc of the strong acrtic annulus, the 20 mm
diameter valve is forcefully maintained against the val-
vular remains at the level of the acrtic annulus. Prelimi-
nary dilatation has ancther advantage in that it permits
an easier expansicn of the IV, having a lower pressure
balloon inflation which helps prevent damage of the val-
vular structure of the IV. This alsc facilitates the accurate
positioning of the prosthetic valve.

[0134] The second step corresponds to the implanta-
tion of the valve 13 is shown in Figures 13g to 13l. The
positioning of the IV needs to be precise at a near 2 or 3
mm, since the coronary ostia 6 has to remain absolutely
free of any obstruction by the valve 13 (Figures 13k and
13l). As mentioned above, thisis, for example, performed
with the help of the image of the sus-valvular angiogram
in the same projection fixed on an adjacent TV screen.
The expansion and the positioning of the valve prosthesis
13 is performed within a few seconds {15 to 20 among
at most} since during the maximal ballooninflation (which
has to be maintained only a very few seconds, 3, 4, 5)
the aortic crifice is obstructed by the inflated balloon 31
and the cardiac output is zero (Figure 13h}. As for the
pre-dilatation act itself, the balloon 26 is immediately de-
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flated within less than 5 or 6 seconds (Figure 13j) and,
as soon as the deflation has clearly begun, the closing
and opening states of the IV are active whereas the bal-
loon is pulled back briskly in the aorta (Figures 13jto 13l).
In case the IV is not maximally expanded by the first
inflation, it is possible to replace the balloon inside the
IV and to reinflate it so as to reinforce the expansion of
the IV.

[0135] The IV 13 can also be used in aortic regurgita-
tion. This concerns more often younger patients rather
than those with aortic stenosis. The contraindication to
surgical valve replacement is often not due to the old age
of the patients, but stems mainly from particular cases
where the general status of the patient is too weak to
allow surgery, or because of associated pathelogical con-
ditions. Apart from the fact that there is no need for a
preliminary dilatation, the procedure of the valve implan-
tation remains approximately the same. The balloon in-
flation inside the IV is chosen accordingly, taking also
into account the fact that it is necessary to overdilate the
aortic annulus to obtain a recoil phenomencon of the an-
nulus after balloon deflation to help maintain the IV in
position without any risk of displacement.

[0136] However, the size of the expanded implantable
valve is around 25 to 30 mm in diameter, or even bigger,
because the aortic annulus is usually enlarged. A prelim-
inary measurement of the annulus will have to be per-
formed on the sus-valvular angiography and by echocar-
diography to determine the optimal size to choose.
[0137] ThelV canbe usedinthe mitral position, mainly
in case of mitral regurgitation, but also in case of mitral
stenosis. Here again, the IV 20 is only described when
used only in cases of contraindication to surgical valve
repair or replacement. The procedure is based on the
same general principles though the route for the valve
positioning is different, using the transseptal route, like
the commonly performed mitral dilatation procedure in
mitral stenosis. The IV size is quite larger than for the
aortic localization (about 30 to 35 mm in diameter when
expanded or clearly above in case of a large mitral an-
nulus, a frequent cccurrence in mitral insufficiency), to
be capable of occupying the mitral area. A preliminary
measurement of the mitral annulus is performed to de-
termine the optimal implantable valve size to choose.
Since the introduction of the IV is performed through a
venous route, almost always through the femoral vein
which is quite large and distensable, the bigger the size
of the IV in its compressed position is not a drawback
even if the diameter size is about 6 or 7 mm. Moreover,
the problem of protection of the coronary ostia as en-
countered inthe aortic position does not exist here which
therefore makes the procedure easier to be performed.
[0138] Finally, the IV can be used to replace the tricus-
pid valve in patients with a tricuspid insufficiency. This
procedure is simple to perform since the positioning of
the IV is made by the venous route, using the shortest
way to place in the right position at the level of the tricus-
pid orifice practically without any danger from clot migra-
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tion during the procedure. A large implantable valve is
used, with a diameter of about 40 mm or even larger
because the tricuspid annulus is often markedly dilated
in tricuspid insufficiency. Here also, as in the mitral po-
sition, the compressed IV and the catheter used can be
withoutinconvenience, quite larger than that for the aortic
position because of the venous route used.

[0139] Furthermore, it has to be noted that the IV can
be used also as a first step in the treatment of patients
who have contraindication to surgery, when they are ex-
amined for the first time, but who could improve later on
after correction of the initial hemodynamic failure. The IV
procedure can be used as a bridge towards surgery for
patients in a weak general condition which are expected
to improve within the following weeks or months after the
IV procedure in such a way that they can be treated by
open heart surgery later on. In the same vein, the IV
procedure can be used as a bridge towards surgical valve
replacementor repairin patients with a profoundly altered
cardiac function that can improve secondarily owing to
the hemodynamic improvement resulting from the cor-
rection of the initial valvular disease by the IV implanta-
tion.

[0140] Another technique for implantation of an aortic
valve by transcutaneous catheterization uses a two-bal-
loon catheter.

[0141] An example of this technique using the two
parts IV with a two-balloon catheter 40 is shown in Figure
14.

[0142] Two-balloons 26 and 26’ are fixed on a unigue
catheter shaft 27, said balloons being separated by a few
millimeters. The two balloons are preferably short, i.e.,
about 2 to 2.5 om long in their cylindrical part. The first
balloon 26 to be used, carries a first frame 10 aimed at
scaffolding the stenosed aortic orifice after initial dilata-
tion. This first balloon 26 is positioned on the aorta side,
above the second balloon 26 which is positioned on the
left ventricle side. The second ballocon 26’ carries the ex-
pandable valve 13 which is of the type described above
made of a second frame 10’ and a valvular structure 14
attached to said frame 10°. The difference is that the sec-
ond frame does not need to be as strong as the first frame
and is easier to expand with low ballcon pressure inflation
which does not risk damaging the valvular structure 14.
[0143] This enlarges the choice for making a valvular
structure without having to face two contradictory condi-
tions:

1) having a soft and mobile valvular structure 14 ca-
pable of opening and closing freely in the blood
stream without risk of being damaged by a balloon
inflation; and

2) needing a reinforced frame strong enough to be
capable of resisting without any damage, a strong
pressure inflation of the expanding balloon.

[0144] The shaft 27 of this successive two-balloon
catheter 40 comprises two lumens for successive and
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separate inflation of each balloon. Indeed, an additional
lumen capable of allowing a fast inflation occupies space
in the shaft and therefore an enlargement of the shaftis
necessary. However, this enlargement of the shaft stops
at the level of the first balloon 26 since, further to said
first balloon, only one lumen is necessary to inflate the
second balloon 26°, at the level of the IV which is the
biggest part of the device.

[0145] Another advantage of this two part IV with a
two-balloon catheter is that each set ofimplantable valve
and ballocn has a smaller external diameter since each
element to be expanded, considered separately, is small-
er than in combination. This allows obtaining more easily
a final device with an external diameter 14 F.

[0146] The first balloon is sufficiently strong to avoid
bursting even at a very high pressure inflation. This first
balloon is mounted in the frame in its deflated position,
prior to its introduction by the strong frame which is aimed
to scaffold the dilated stenosed acrtic valve. The size and
shape of said frame is comparable to what has been de-
scribed previously but said frame is calculated {in partic-
ular the material, the number and diameter of its bars are
chosen by the person skilled in the art) to make sure that
it will resist the recoil of the dilated valve and that it will
be securely embedded in the remains of the native acrtic
valve.

[0147] The second balloon does not need to be as
strong as the first one and, therefcre, can be thinner,
occupying less space and being easier to expand with a
lower pressure for balloon inflation. This second ballocn
26’ is mounted in the valve itself which, as in the preced-
ing description, comprises a frame to support the valvular
structure and said valvular structure.

[0148] Also, the second frame 10" does not need to be
as strong as the first one. This frame can be slightly short-
er, 10 mm instead of 12 mm, and its bars are thinner.
This frame can have an external surface which is a bit
rough to allow better fixation on the first frame when ex-
panded. The bars may alsc have some hcoks to fasten
to the first frame.

[0149] The valvular structure is attached on said sec-
ond frame and expanded by relatively low pressure in
the second balloon called hereafter the [V balloon. It does
not need to be as strong as in the preceding case (IV in
one part and unique balloon catheter technique) and,
therefere, it occupies less space and has less risk to be
damaged at the time of expansion.

[0150] This technique is shown in Figures 15a to 15f.
[0151] ©One of the problems relevant to the IV implan-
tation procedure as described above, with the IV in one
part, is the expansion at the same time by the same bal-
loon inflation of both the frame and the valvular structure.
Indeed, the frame is a solid element and the valvular
structure is a relative weak one that could be damaged
when squeezed by the inflated balloon.

[0152] Therefore, the valve implantation can be per-
formed in two immediately successive steps. The first
step {Figures 15a-15b} corresponds to the expansion
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and the positioning of the first frame with the first balloon
26 wherein inflation is performed at a high pressure. The
second step (Figures 15d-15e} corresponds to the ex-
pansion and the positioning of the valvular structure 14
inside the frame 10’ using the second balloon 26'. This
second step follows the first one within a few seconds
because, inthe time interval between the two steps, there
is a total aortic regurgitation towards the left ventricle
which is an hemedynamic condition that cannot be main-
tened formore than afew heart beats, i.e., a few seconds,
withoutinducing a massive pulmonary edema and a drop
to zero of the cardiac output.

[0153] In another embodiment, the first frame to be
introduced comprises the valvular structure and the sec-
ond frame being stronger than the first one to scaffold
the previously deleted stencsed aocrtic valve.

[0154] The advantage ofthistwostep procedure would
be to allow expansion and positioning of the frame part
10’ of the IV 13 using strong pressure inflation of the
balloon 26" without the risk of damaging the valvular
structure 14 which, for its own expansion, would need
only light pressure inflation.

[0155] The method is schematically detailedin Figures
15a to 151. A previous dilatation of the stenosed aortic
valve is performed as an initial step of the procedure to
prepare the distorted valve to facilitate the following
steps:

1/ positioning the double balloon catheter 40 with the
first balloon 26 with the frame at the level of the aortic
annulus 2a, the second IV balloon 26’ being inside
the left ventricle beyond the aortic annulus 2a (Figure
15a);

2/ compression of the stenosed aortic valve 1, 2’
with the first balloon 28 having a 20 mm, preferably
with a 23 mm diameter, the balloon being inflated
maximally up to the bursting point, to prepare the IV
insertion (Figure 15b). Inflation lasts a few seconds
(preferably 10 seconds at most) with powerful pres-
sure being used to expand the frame and forcefully
embed said frame in the remains of the dilated valve;
3/ animmediate speedy deflation of said first ballcon
26 follows (Figure 15c); as soon as the balloon 26
is beginning to clearly deflate, the first frame 10 re-
maining attached tc the stencsed valve 1', 2’, the
catheter 40 is withdrawn to position the IV balloon
26’ inside the previously expanded frame 26 (Figure
15¢ in which the frame 10’ is partially drawn for clarity
purpose};

4/immediately after being well positicned, the IV bal-
loon 26’ is promptly inflated, to expand the IV 13
(Figure 15c); and

5/ when the IV 13 is blocked inside the first frame
10, the IV balloon 28’ is deflated {Figure 18f).

[0156] Finally, the whole device has to be withdrawn
to allow hemostasis of the femoral artery puncture hole.
[0157] The total duration of the successive steps, par-
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ticularly the time during which the balloons are inflated,
and the time during which the frame is expanded whereas
the valve has not yet been positioned and expanded, is
about 20 to 30 seconds. This is feasible if the balloons
are inflated and deflated within very a few seconds, 6 to
8, for instance. This is permitted if the lumen of the shaft
can be sufficiently large, taking into account the inescap-
able small diameter size of the shaft. This can also be
facilitated by a device producing instantaneously a strong
inflation or deflation pressure.

Claims

1. A two-part implantable valve configured for implan-
tation within a native semi-lunar heart valve using a
balloon catheter, the implantable valve comprising
a first expandable metal frame (10) having a sub-
stantially cylindrical shape and configured to expand
to a size of between about 20 and 35 mm in diameter
to contact semi-lunar leaflets (1°, 2°) of the native
semi-lunar heart valve and to embed in a semi-lunar
heart valve annulus (2a}, the first expandable metal
frame (10} comprising a plurality of intercrossing
bars {11} which are sufficiently strong and rigid in an
expanded state to resist the recoil forces exerted by
the semi-lunar leaflets of the native semi-lunar heart
valve, characterized in that the two-part implanta-
ble valve comprises an expandable supple valvular
structure (14) comprising valvular tissue made of a
biological material and capable of opening and clos-
ing in the blocdstream, the valvular tissue attached
to a second expandable metal frame {10’), the sec-
ond expandable metal frame {10’} comprising a plu-
rality of intercrossing bars which are thinner than
those ofthe first expandable metal frame, the second
expandable metal frame configured to be expanded
within the first expandable metal frame after the first
expandable metal frame (10) has been expanded in
the semi-lunar heart valve annulus.

2. The two-partimplantable valve according to claim 1,
characterized in that the plurality of intercrossing
bars {11) of the first frame (10) have diameters in
the range of about 0,1 to 0,6 mm.

3. The two-part implantable valve according to claim 1
or 2, characterized in that the first frame (10) has
a height of approximately between 10 and 15 mm in
the expanded state.

4. The two-partimplantable valve according to any one
of claims 1to 3, characterized in that the first frame
(10) is made of stainless steel.

5. The two-partimplantable valve according to any one
of claims 1 to 4, characterized in that the first frame
(10) has a diameter of between about 4 and 5 mm
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when in a collapsed state.

The two-partimplantable valve according to any cne
of claims 1 to 5, characterized in that the first frame
(10) is made of a material which is distinguishable
from biclogical tissue by non-invasive imaging tech-
niques.

The two-partimplantable valve according to any cne
of claims 1 to 6, characterized in that the second
frame (10') is shorter that the first frame (10).

The two-part implantable valve according to any one
of claims 1 to 7, characterized in that the second
frame {10’} has a rough external surface.

The two-part implantable valve according to any cne
of claims 1 to 8, characterized in that the bars of
the second frame (10} have hooks to fasten to the
first frame (10).

The two-part implantable valve according to any one
of claims 1to 9, characterized in that it further com-
prises an internal cover (19) coupled to the valvular
structure (14), the internal cover being located be-
tween the valvular structure and an internal wall of
the second frame {10’) to prevent passage of blood
through the intercrossing bars of the metal frame
(10°).

The two-part implantable valve according to claim
10, characterized in that a proximal end portion of
the internal cover (19) is rolled over a proximal end
of the second frame (10’) for contacting an outer sur-
face of the metal frame {10°).

The two-part implantable valve according to claim
10 or 11, characterized inthat the valvular structure
(14) and/or the internal cover (19) are coated with or
are made of an anti-thrombotic substance.

The two-part implantable valve according to any cne
of claims 1 to 12, characterized in that the valvular
tissue is made of pericardium or porcine leaflets.

The two-part implantable valve according to any one
of claims 1 to 13, characterized in that the valvular
structure (14) is fastened to the second frame (10')
by sewing, by molding, soldering or by gluing, to pre-
vent regurgitation of blood between the second
frame (10’) and the valvular structure.

A balloon catheter, characterized in that the bal-
loon catheter comprises two balloons (26, 26°) fixed
on a catheter shaft (27) and a two-part implantable
valve according to any one of claims 1 to 14.

The balloon catheter according to claim 15, charac-
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terized in that the catheter shaft (27) comprises two
lumens for successive and separate inflation of each
balloon and an additional lumen (29} for passage of
a guide wire (30).

The ballcon catheter according to claim 15 or 16,
characterized in that it further comprises at least
one metallic reference mark for enhanced visibility
under fluoroscopy.

Patentanspriiche

1.

Zweiteilige implantierbare Klappe, die zur Implantie-
rung innerhalb einer arteigenen Herztaschenklappe
unter Verwendung eines Ballonkatheters konfigu-
riert ist, wobei die implantierbare Klappe einen er-
sten spreizbaren Metallrahmen {10} umfasst, der ei-
neim Wesentlichen zylindrische Form aufweist, und
konfiguriert ist, um sich auf eine Gréfie zwischen et-
wa 20 und 35 mm im Durchmesser zu spreizen, um
Taschenklappenfliigel (1', 2’) der arteigenen Herz-
taschenklappen zu kontaktieren, und um sich in ei-
nen Herztaschenklappenring {2a) einzubetten, wo-
bei der erste spreizbare Metallrahmen (10) eine Viel-
zahl von einander kreuzenden Staben (11) umfasst,
die in einem gespreizten Zustand hinreichend stark
und steif sind, um den Riickstolbkraften zu widerste-
hen, die durch die Taschenklappenfliigel der artei-
genen Herztaschenklappe ausgelibt werden, da-
durch gekennzeichnet, dass die zweiteilige im-
plantierbare Klappe eine spreizbare, biegsame
Klappenstruktur (14) umfasst, die ein Klappengewe-
be umfasst, das aus einem biclogischen Material be-
steht und in der Lage ist, sich in dem Blutstrom zu
offnen und zu schlieflen, wobei das Klappengewebe
an einem zweiten spreizbaren Metallrahmen (10°)
befestigt ist, wobei der zweite spreizbare Metallrah-
men (10°) eine Vielzahl von einander kreuzenden
Stdben umfasst, die diinner als jene des ersten
spreizbaren Metallrahmens sind, wobei der zweite
spreizbare Metallrahmen konfiguriert ist, um inner-
halb des ersten spreizbaren Metallrahmens ge-
spreizt zu werden, nachdem der erste spreizbare
Metallrahmen (10) in dem Herztaschenklappenring
gespreizt wurde.

Zweiteilige implantierbare Klappe gemaf Anspruch
1, dadurch gekennzeichnet, dass die Vielzahl
voneinander kreuzenden Stiben (11) des ersten
Rahmens (10) Durchmesser in dem Bereich von et-
wa 0,1 bis 0,6 mm aufweisen.

Zweiteilige implantierbare Klappe gemaft Anspruch
1 oder 2, dadurch gekennzeichnet, dass der erste
Rahmen (10) eine H6he zwischen etwa 10 und 15
mm in dem gespreizten Zustand aufweist.
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Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 3, dadurch gekenn-
zeichnet, dass der erste Rahmen (10) aus rostfrei-
em Stahl besteht.

Zweiteilige implantierbare Klappe gemalt zumindest
einem der Anspriiche 1 bis 4, dadurch gekenn-
zeichnet, dass der erste Rahmen (10} einen Durch-
messer zwischen etwa 4 und 5 mm in einem gefal-
teten Zustand aufweist.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 5, dadurch gekenn-
zeichnet, dass der erste Rahmen {10} aus einem
Material besteht, das mittels nichtinvasiver Bildga-
betechniken wvon biologischem Gewebe unter-
scheidbar ist.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 6, dadurch gekenn-
zeichnet, dass der zweite Rahmen (10°) kiirzer als
der erste Rahmen (10} ist.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 7, dadurch gekenn-
zeichnet, dass der zweite Rahmen (10°) eine rauhe
aullere Oberflache aufweist.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 8, dadurch gekenn-
zeichnet, dass die Staben des zweiten Rahmens
(10°) Haken aufweisen, um in den ersten Rahmen
(10) einzugreifen.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 9, dadurch gekenn-
zeichnet, dass sie weiterhin eine innere Abdeckung
(18) umfasst, die an die Klappenstruktur {14) gekop-
pelt ist, wobei die innere Abdeckung zwischen der
Klappenstruktur und einer Innenwand des zweiten
Rahmens (10') befindlich ist, um einen Blutfluss
durch die einander kreuzenden Stében des Metall-
rahmens (10} zu verhindern.

Zweiteilige implantierbare Klappe gemafi Anspruch
10, dadurch gekennzeichnet, dass ein proximaler
Endabschnitt der inneren Abdeckung (19} iber ein
proximales Ende des zweiten Rahmens (10} gerolit
ist, um eine aulere Oberfliche des Metallrahmens
(10’) zu kontaktieren.

Zweiteilige implantierbare Klappe gemaf Anspruch
10 oder 11, dadurch gekennzeichnet, dass die
Klappenstruktur (14) und/oder die innere Abdeckung
(18) mit einer antithrombotischen Substanz be-
schichtet sind/ist oder aus dieser bestehen/besteht.

Zweiteilige implantierbare Klappe gemaft zumindest
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einem der Anspriche 1 bis 12, dadurch gekenn-
zeichnet, dass das Klappengewebe aus Pericardi-
um- oder schweineartigen Klappenflligeln besteht.

Zweiteilige implantierbare Klappe gemaf zumindest
einem der Anspriiche 1 bis 13, dadurch gekenn-
zeichnet, dass die Klappenstruktur (14) an den
zweiten Rahmen (10°) durch Nahen, durch Giefien,
durch Schmelzen oder durch Kleben befestigt ist,
um eine Regurgitation von Blut zwischen dem zwei-
ten Rahmen (10"} und der Klappenstruktur zu ver-
hindern.

Ballonkatheter, dadurch gekennzeichnet, dass
der Ballonkatheter zwei Ballone (26, 26'), die auf ei-
nem Katheterschaft (27) fixiert sind, und eine zwei-
teilige implantierbare Klappe gemaf zumindest ei-
nem der Anspriiche 1 bis 14 umfasst.

Ballonkatheter gemaf Anspruch 15, dadurch ge-
kennzeichnet, dass der Katheterschaft (27) zwei
Lumen zur aufeinanderfolgenden und getrennten
Aufbléhung eines jeden Ballons und einen zusatzli-
chen Lumen (29) zur Hindurchfiihrung eines Fahr-
drahtes (30} umfasst.

Ballonkatheter gemani Anspruch 15 oder 18, da-
durch gekennzeichnet, dass er weiterhin zumin-
dest eine metallische Referenzmarkierung zur ge-
steigerten Sichtbarkeit und Fluoroskopie umfasst.

Revendications

Valve a deux parties implantable configurée pour
une implantation dans une valvule cardiaque native
semi-lunaire, en utilisant une sonde a ballonnet, la
valve implantable comprenant un premier cadre mé-
tallique expansible (10) ayant une forme sensible-
ment cylindrique et configuré pour s’expanser jus-
qu’aune taille entre environ 20 et 35 mm de diamétre
au contact des valves semi-lunaires (1', 2’} de la val-
vule cardiaque native semi-lunaire et se noyer dans
unanneau de la valvule cardiaque semi-lunaire (2a),
le premier cadre métallique expansible (10} compre-
nant une pluralité de barres entrecroisées (11) qui
sont suffisamment fortes et rigides dans un état ex-
pansé pour résister aux forces de recul exercées par
les valves semi-lunaires de la valvule cardiaque na-
tive semi-lunaire, caractérisée en ce que la valve
a deux parties implantable comprend une structure
valvulaire souple expansible (14) comprenant un tis-
su valvulaire fait d’'un matérau biologique et capable
de s’ouvrir et se fermer dans la circulation sanguine,
le tissu valvulaire attaché a un deuxiéme cadre mé-
tallique expansible (17}, le deuxiéme cadre métalli-
que expansible {10’) comprenant une pluralité de
barres entrecroisées qui sont plus fines que celles
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du premier cadre métallique expansible, le deuxie-
me cadre métallique expansible configuré pour étre
expansé au sein du premier cadre métallique expan-
sible aprés que le premier cadre métallique expan-
sible (10} ait été expansé dans l'anneau de valvule
cardiaque semi-lunaire.

Valve a deux parties implantable selon la revendi-
cation 1, caractérisée en ce que la pluralité de bar-
res entrecroisées (11) du premier cadre (10) ont des
diamétres dans la plage d’environ 0,1 a 0,6 mm.

Valve a deux parties implantable selon la revendi-
cation 1 ou 2, caractérisée en ce que le premier
cadre (10} a une hauteur d’approximativement entre
10 et 15 mm a I'état expansé.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 3, caractérisée en
ce que le premier cadre (10) est fait d’acier inoxy-
dable.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 4, caractérisée en
ce que le premier cadre (10) a un diamétre entre
environ 4 et 5 mm lorsqu’il est dans un état affaissé.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a b, caractérisée en
ce que le premier cadre (10) est fait d’'un matériau
qui peut étre distingué du tissu biologique par des
techniques d’imagerie non-invasives.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 8, caractérisée en
ce que le deuxiéme cadre (10') est plus court que
le premier cadre {10} .

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 7, caractérisée en
ce que le deuxiéme cadre (10’) a une surface exter-
ne rugueuse.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 8, caractérisée en
ce que les barres du deuxiéme cadre (10’) ont des
crochets a attacher au premier cadre (10).

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 9, caractérisée en
ce qu’elle comprend en outre un revétement interne
(19) couplé a la structure valvulaire {14}, le revéte-
ment interne étant localisé entre la structure valvu-
laire et une paroi interne du deuxiéme cadre (10’)
pour empécher le passage du sang a travers les bar-
res entrecroisées du cadre métallique (10°).

Valve a deux parties implantable selon la revendi-
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cation 10, caractérisée en ce qu’une portion de
I'extrémité proximale du revétement interne (19) est
enroulée sur une extrémité proximale du deuxiéme
cadre (10°) pour mettre en contact une surface ex-
terne du cadre métallique (10°).

Valve a deux parties implantable selon la revendi-
cation 10 ou 11, caractérisée en ce que la structure
valvulaire (14) et/ou le revétement interne (19) sont
enrobés avec ou faits d'une substance anti-trhrom-
botique.

Valve a deux parties implantable selon I'une quel-
conque des revendications 1 a 12, caractérisée en
ce que le tissu valvulaire est fait de péricarde ou de
valves porcines.

Valve a deux parties implantable selon 'une quel-
conque des revendications 1 2 13, caractérisée en
ce que la structure valvulaire (14) est attachée au
deuxiéme cadre {10’} par couture, par moulage, sou-
dure ou par collage, pour empécher la régurgitation
du sang entre le deuxiéme cadre (10’) et |a structure
valvulaire.

Sondea ballonnet, caractérisée en cequelasonde
a ballonnet comprend deux ballonnets (26, 26°) fixés
sur un manche de cathéter (27} et une valve a deux
parties implantable selon I'une quelconque des re-
vendications 1 a 14.

Sonde a ballonnet selon la revendication 15, carac-
térisée en ce que le manche de cathéter (27) com-
prend deux lumiéres pour le gonflement successif
et séparé de chagque ballon et une lumiére supplé-
mentaire {(29) pour le passage d'un fil guide (30).

Sonde a ballonnet selon la revendication 15 ou 16,
caractérisée en ce qu’elle comprend en outre au
moins une marque de référence métallique pourune
visibilité accrue sous fluoroscopie.
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Description

[0001] The present invention relates to a prosthetic
valve assembly for implantation in body channels, more
particularly but not only to, cardiac valve prosthesis to be
implanted by a transcutaneous catheterization tech-
nique.

[0002] The valve assembly or prosthesis can be also
applied to other body channels provided with native
valves, such as veins or in organs (liver, intestine, ure-
thra,...).

[0003] The present description also discloses a meth-
od for implanting a valve prosthesis, such as the valve
accerding to the present invention.

[0004] Implantable valves, which will be indifferently
designated hereafter as "IV", "valve prosthesis" or "pros-
thetic valve", permits the reparation of a valvular defect
by aless invasive technique in place of the usual surgical
valve implantation which, in the case of valvular heart
diseases, requires thoracotomy and extracerporeal cir-
culation. A particular use for the IV concerns patients
who cannot be operated on because of an associated
disease or because of very old age or alsc patients who
could be operated on but only at a very high risk.
[0005] Although the IV of the present invention and the
process for implanting said IV can be used in various
heart valve diseases, the following description will first
concern the acrtic orifice in aortic stenosis, more partic-
ularly in its degenerative form in elderly patients.

[0006] Aortic stenosis is a disease of the aortic valve
in the left ventricle of the heart. The aortic valvular crifice
is normally capable of opening during systole up to 4 to
6 cm?, therefore allowing free gjection of the ventricular
blood velume into the aorta. This aortic valvular crifice
can become tightly stenosed, and therefore the blood
cannot anymore be freely ejected from the left ventricle.
In fact, only a reduced amount of blced can be ejected
by the left ventricle which has to markedly increase the
intra-cavitary pressure to force the stencsed aortic ori-
fice. In such aortic diseases, the patients can have syn-
cope, chest pain, and mainly difficulty in breathing. The
evolution of such a disease is disastrocus when symptoms
of cardiac failure appear, since 50 % of the patients die
in the year following the first symptoms of the disease.
[0007] The only commonly available treatment is the
replacement of the stenosed aortic valve by a prosthetic
valve via surgery: this treatment moreover providing ex-
cellent results. If surgery is impossible to perform, i.e., if
the patient is deemed inoperable or operable only at a
too high surgical risk, an alternative possibility is to dilate
the valve with a balloon catheter tc enlarge the aortic
orifice. Unfortunately, a good result is obtained only in
about half of the cases and there is a high restenosis
rate, i.e., about 80% after one year.

[0008] Aortic stenosis is a very common disease in
pecple above seventy years old and occurs more and
more frequently as the subject gets older. As evidenced,
the present tendency of the general evolution of the pop-
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ulation is becoming older and older. Also, it can be eval-
uated, as a crude estimation, that about 30 to 50% of the
subjects who are older than 80 years and have a tight
aortic stenosis, either cannot be operated on for aortic
valve replacement with a reasonable surgical risk or even
cannot be considered at all for surgery.

[0009] It can be estimated that, about 30 to 40 persons
out of a millicn per year, could benefit frommanimplantable
aortic valve positioned by a catheterization technique.
Until now, the implantation of a valve prosthesis for the
treatment of aortic stenosis is considered unrealistic to
perform since it is deemed difficult to superpose another
valve such an implantable valve on the distorted sten-
osed native valve without excising the latter.

[0010] From 1985, the technique of aortic valvulc-
plasty with a balloon catheter has been introduced for
the treatment of subjects in whom surgery cannct be per-
formed at all or which could be performed only with a
prohibitive surgical risk. Despite the considerable defor-
mation of the stenosed aortic valve, commonly with
marked calgification, it is often possible to enlarge signif-
icantly the aortic orifice by balloon inflation, a procedure
which is considered as low risk.

[0011] However, this technique has been abandoned
by most physicians because of the very high restenosis
rate which occurs in about 80% of the patients within 10
to 12 months. Indeed, immediately after deflation of the
balloon, a strong recoil phenomenon often produces a
loss of half or eventwo thirds of the opening area obtained
by the inflated balloon. For instance, inflation of a 20 mm
diameter balloon in a stenosed aortic orifice of 0.5 cm?2
area gives, when forcefully and fully inflated, an opening
area equal to the cross sectionnal area of the maximally
inflated balloon, i.e., about 3 cm2. However, measure-
ments performed a few minutes after deflation and re-
moval of the balloon have only an area around 1 cm? to
1.2 cm2. This is due to the considerable recoil of the fi-
brous tissue of the diseased valve. The drawback in this
procedure has alsc been clearly shown on fresh post
mortem specimens.

[0012] However, it is important to note that whereas
the natural normal aortic valve is able to open with an
orifice of about 5 to 6 cm? and to accommodate a bloed
flow of more that 15 I/min. during heavy exercise for in-
stance, an opening area of about 1.5 to 2 cm? can accept
a 6 to 8 I/min blood flow without a significant pressure
gradient. Such a flow corresponds to the cardiac output
of the elderly subject with limited physical activity.
[0013] Therefore, an IV would not have to produce a
large cpening of the aortic corifice since an cpening about
2 cm?2 would be sufficient in most subjects, in particular
in elderly subjects, whose cardiac output probably does
not reach more than 6 te 8 I/min. during nermal physical
activity. For instance, the surgically implanted mechani-
cal valves have an opening area which is far from the
naturalvalve opening thatranges from 2to 2.5 cm?, main-
ly because of the room taken by the large circular struc-
ture supporting the valvular part of the device.
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[0014] The prior art describes examples of cardiac
valves prosthesis that are aimed at being implanted with-
out surgical intervention by way of catheterization. For
instance, US patent n® 5,411,552 describes a collapsible
valve able to be introduced in the bedy in a compressed
presentation and expanded in the right position by bal-
loon inflation.

[0015] Such valves, with a semi-lunar leaflet design,
tend to imitate the natural valve. However, this type of
design is inherently fragile, and such structures are not
strong enough to be used in the case of aortic stenosis
because of the strong recoil that will distort this weak
structure and because they would not be able to resist
the ballooninflation performed to position the implantable
valve. Furthermore, this valvular structure is attached to
a metallic frame of thin wires that will not be able to be
tightly secured against the valve annulus. The metallic
frame of this implantable valve is made of thin wires like
in stents, which are implanted in vessels after balloon
dilatation. Such a light stent structure is too weak tc allow
the implantable valve to be forcefully embedded into the
aortic annulus. Moreover, there is a high risk of massive
regurgitation (during the diastolic phase) through the
spaces between the frame wires which is ancther pro-
hibitive risk that would make this implantable valve im-
possible to use in clinical practice.

[0016] Furthermore, an important point in view of the
development of the IV is that it is possible tc maximally
inflate a balloon placed inside the compressed implant-
able valve to expand it and insert itin the stenosed aortic
valve up to about 20 to 23 mm in diameter. At the time
of maximum balloon inflation, the balloon is absolutely
stiff and cylindrical without any waist. At that moment,
the implantable valve is squeezed and crushed between
the strong aortic annulus and the rigid balloon with the
risk of causing irreversible damage to the valvular struc-
ture of the implantable valve.

[0017] US-A-3,657,744 discloses a method for fixing
prosthetic implants in a living body.

SUMMARY OF THE INVENTION

[0018] Theinventionis aimed to overcome these draw-
backs and to implant an IV which will remain reliable for
years.

[0019] A particular aim of the present invention is to

provide an IV, especially aimed at being used in case of
acrtic stenosis, which structure is capable of resisting the
powerful recoil force and to stand the forceful balloon
inflation performed to deploy the IV and to embed it in
the aortic annulus.

[0020] Another aim of the present invention is to pro-
vide an efficient prosthesis valve which can be implanted
by a catheterization technique, in particular in a stenosed
aortic orifice, taking advantage of the strong structure
made of the distorted stenosed valve and of the large
opening area produced by preliminary balloon inflation,
performed as an initial step of the procedure.
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[0021] A further aim of the present invention is to pro-
vide an implantable valve which would not produce any
risk of fluid regurgitation.

[0022] A further aim of the present invention is to pro-
vide a valve prosthesis implantation technique using a
two-balloon catheter and a two-frame device.

[0023] These aims are achieved according to the
present invention which provides a prosthetic valve as-
sembly according to claim 1.

[0024] The IV, which is strongly embedded, enables
the implantable valve to be maintained in the right posi-
tion without any risk of further displacement, which would
be a catastrophic event.

[0025] More precisely, this valvular structure compris-
es a valvular tissue compatible with the human body and
blood, which is supple and resistant to allow said valvular
structure to pass from a closed state to an cpen state to
allow a body fluid, more particularly the blood, exerting
pressure on said valvular structure, to flow. The valvular
tissue forms a continuous surface and is provided with
guiding means formed or incorporated within, creating
stiffened zones which induce the valvular structure to fol-
low a patterned movement from its open position to its
closed state and vice-versa, providing therefore a struc-
ture sufficiently rigid to prevent diversion, in particular
into the left ventricle and thus preventing any regurgita-
tion of blood into the left ventricle in case of aortic im-
plantation.

[0026] Moreover, the guided structure of the IV allows
the tissue of this structure to open and close with the
same patterned movement while occupying as little
space as possible in the closed state of the valve. There-
fore, owing to these guiding means, the valvular structure
withstands the unceasing movements under blocd pres-
sure changes during the heart beats.

[0027] More preferably, the valvular structure has a
substantially truncated hyperbeloidal shape in its ex-
panded position, with a larger base and a growing closer
neck, ending in a smaller extremity forming the upper
part of the valvular structure. The valvular structure has
a curvature at its surface that is concave towards the
aortic wall. Such a shape produces a strong and efficient
structure in view of the systolo-diastolic movement of the
valvular tissue. Such a valvular structure with its simple
and regular shape also lowers the risk of being damaged
by forceful balloon inflation at the time of IV deployment.
[0028] A trunco-hyperboloidal shape with a small di-
ameter at the upper extremity facilitates the closure of
the valve at the beginning of diastole ininitiating the start-
ing of the reverse movement of the valvular tissue to-
wards its base. Another advantage of this truncated hy-
perboloidal shape is that the upper extremity of the val-
vular structure, because of its smaller diameter, remains
at a distance from the coronary ostia during systcle as
well as during diastole, thus offering an additional secu-
rity to ensure not to impede at all the passage of blood
from the aorta to the coronary ostia.

[0029] As another advantageous example, the guiding
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means of the valvular structure are inclined strips from
the base to the upper extremity of the valvular structure
with regard to the central axis of the valvular structure.
This inclination initiates and imparts a general helicoidal
movement of the valvular structure around said central
axis at the time of closure or opening of said structure,
such a movement enabling to help initiate and finalize
the closure of the valvular structure. In particular, this
movement improves the collapse of the valvular structure
towards its base at the time of diastole and during the
reversal of flow at the very beginning of diastole. During
diastole, the valvular structure thus falls down, folding on
itself and collapses onits base, therefore closing the aor-
tic orifice. The strips can be pleats, strenghthening struts
or thickened zones.

[0030] In other examples, said guiding means are rec-
tilinear strips from the base to the upper extremity of the
valvular structure. In this case, the guiding means can
comprise pleats, struts or thickened zones. In a particular
example, the stiffened zones then created can be advan-
tageously two main portions, trapezoidal in shape,
formed symmetrically one to each other with regard to
the central axis of the valvular structure, and two less
rigid portions separating said two main portions to lead
to a tight closeness in shape of a closed slot at the time
of closure of the upper extremities of the main portions
of the valvular structure. The thickened zones can be
extended up to form the stiffened zones.

[0031] More particularly, each of said main slightly rigid
portions occupy approximately one third of the circum-
ference of the valvular structure when this latter is in its
open position. The slightly rigid portions maintain the val-
vular structure closed during diastole by firmly applying
themselves on each other. The closure of the valvular
structure at the time of diastole thus does not have any
tendency to collapse too much towards the aortic annu-
lus.

[0032] Preferably, the guiding means are a number of
pleats formed within the tissue by folding, or formed by
recesses or grooves made in the tissue. The shape of
the pleats is adapted to achieve a global shape of the
desired type for said position.

[0033] Alternatively, the guiding means are made of
strengthening struts, preferably at least three, incorpo-
rated in the tissue in combination or not with said pleats.
[0034] The guiding means and, in particular, the
strengthening struts, help to prevent the valvular tissue
from collapsing back too much and to reverse inside the
left ventricle through the base of the frame, preventing
the risk of blood regurgitation.

[0035] Said valvular tissue is made of pericardium.
These materials are commonly used in cardiac surgery
and are quite resistant, particularly to folding movements
due to the increasing systolo-diastolic movements of the
valvular tissue and particularly at the junction with the
frame of the implantable valve.

[0036] The valvular structure is fastened along a sub-
stantial portion of an expandable frame, by sewing, to
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exhibit a tightness sufficiently hermetical to prevent any
regurgitation of said body fluid between the frame and
the valvular structure.

[0037] Preferably, an internal cover is coupled or is
integral to the valvular structure and placed between said
valvular structure and the internal wall of the frame to
prevent any passage of the body fluid through said frame.
Therefore, there is no regurgitation of blood as it would
be the case if there were any space between the valvular
structure fastened on the frame and the zone of applica-
tion of the frame on the aortic annulus. The internal cover
makes a sort of "sleeve” below the fastening of the val-
vular structure covering the internal surface of the frame
and thus prevents any regurgitation of blood through the
frame.

[0038] Inthe presentinvention, the frameis a substan-
tially cylindrical structure capable of maintaining said
body channel openin its expanded state and supporting
said collapsible valvular structure.

[0039] In a preferred embodiment of the invention, the
frame is made of a material which is distinguishable from
biological tissue to be easily visible by non invasive im-
aging techniques.

[0040] Preferably, said frame is a stainless metal
structure , made of intercrossing, preferably with round-
ed and smooth linear bars. This frame is strong enough
to resist the recoil phenomenon of the fibrous tissue of
the diseased valve. The size of the bars and their number
are determined to give both the maximal rigidity when
said frame is expanded and the smallest volume when
the frame is compressed.

[0041] More preferably, the frame has projecting
curved extremities and presents a concave shape. This
is aimed at reinforcing the embedding and the locking of
the implantable valve in the distorted aortic orifice.
[0042] In an example, the IV is made in two parts, a
first reinforced frame coupled with a second frame which
is made of thinner bars than said first frame and which
is embedded inside the second frame. This second frame
to which the valvular structure is fastened as described
above, is preferably less bulky than the first frame to oc-
cupy as little space as possible and tobe easily expanded
using low pressure balloon inflation.

[0043] The presentdescriptionalsodiscloses a double
balloon catheter to separately position the first frame in
the dilated stenosed aortic valve and place the second
frame that comprises the valvular structure. This catheter
comprises two balloons fixed on a catheter shaftand sep-
arated by few centimeters.

[0044] The first balloon is of the type sufficiently strong
to avoid bursting even at a very high pressure inflation
and is aimed at carrying, in its deflated state, a strong
frame aimed at scaffolding the previously dilated sten-
osed aortic valve. The second balloon is aimed at carry-
ing the second frame with the valvular structure.

[0045] An advantage of this double balloon catheter is
that each balloon has an external diameter whichis small-
er than known balloons since each element to be ex-
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panded is smaller.
[0046] Moreover, such a double balloon catheter al-
lows to enlarge the choice for making an efficient valvular
structure enabling to overcome the following two contra-
dictory conditions:

1) having a soft and mobile valvular structure capa-
ble of opening and closing freely in the blood stream,
without risk of being damaged by balloon inflation;
and

2) needing a very strong structure able to resist the
recoil force of the stenosed valve and capable of
resisting, without any damage, a strong pressure in-
flation of the expanding balloon.

[0047] Furthermore, the shaft of said double balloon
catheter comprises two lumens for successive and sep-
arate inflation of each balloon. Of note, an additional lu-
men capable of allowing a rapid inflation takes additional
room in the shaft.

[0048] The description also discloses a method of us-
ing a two-balloon catheter with a first frame and second
frame to which a valve prosthesis of the type previously
described is fastened.’

DESCRIPTION OF THE DRAWINGS

[0049] The invention will now be explained and other
advantages and features will appear with reference to
the accompanying schematical drawings wherein :

- Figures 1a, 1b and 1c illustrate, in section views,
respectively, the normal aortic valve in systole, in
diastole and a stenosed aortic valve;

- Figures 2a and 2b illustrate two examples of a me-
tallic frame which are combined to a valvular struc-
ture;

- Figures 3a and 3billustrate a frame according to the
invention in its expanded position with an opening
out of the extremities, respectively, with a cylindrical
and a concave shape;

- Figures 4a and b illustrate an IV of the invention re-
spectively in its compressed position and in its ex-
panded position in an open position as in systole;

- Figures 5a and 5b illustrate respectively an IV of the
invention in its closed position and a sectional view
according to the central axis of such a valvular struc-
ture which is closed as in diastole;

- Figures Ba to 8d illustrate a sectional view according
to the central axis of an IV and showing the internal
cover and the external cover of the valvular structure
overlapping partially or non overlapping the frame
bars;

- Figure 7 illustrates the frontal zig-zag fastening line
of the valvular tissue on the frame;

- Figures 8a and 8billustrate, respectively, a perspec-
tive view of a valvular structure and an internal cover
made all of one piece and a perspective view of the
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corresponding frame into which they will be inserted
and fastened;

- Figures @a and %b illustrate inclined strengthening
struts, an example of a valvular structure according
to theinvention, respectively in the open positionand
in the closed position;

- Figures 10a and 10b illustrate an example of a val-
vular structure comprising pleats, respectively in the
open and in the closed position;

- Figures 11 a and 11 b illustrate a valvular structure
comprising two trapezoidal slightly rigid portions, re-
spectively in the open and in the closed position;

- Figures 11cto 11eillustrate a valvular structure com-
prising a rectangular stiffened zone, respectively in
the open, intermediate and closed position;

- Figures 12a and 12b illustrate, respectively, a per-
spective and cross sectional views of animplantable
valve in its compressed presentation squeezed on
a balloon catheter;

- Figures 13a to 13l illustrate views of the successive
procedure steps for the IV implantation in a stenosed
aortic orifice;

- Figure 14illustrate animplantable valve madeintwo
parts in its compressed presentation squeezed ona
two-balloon catheter with a reinforced frame on a
first balloon and with the implantable valve on the
second balloon; and

- Figures 15a to 15fillustrate the successive steps of
the implantation of the implantation valve in two parts
with a two-balloon catheter;

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0050] In the diastole and systole illustrations of sec-
tion views of Figures 1 a and 1b, the arrows A indicates
the general direction of the blood flow. The semi-lunar
leaflets 1 and 2 of a native aortic valve (with only two out
of three shown here) are thin, supple and move easily
from the completely open position (systole) to the closed
position (diastole). The leaflets originate from an aortic
annulus 2a.

[0051] The leaflets 1" and 2’ of a stenosed valve as
illustrated in Figure 1¢, are thickened, distorted, calcified
and more or less fused, leaving only a small hole or a
narrow slit 3, which makes the ejection of blood from the
left ventricle cavity 4 into the aorta 5 difficult and limited.
Figures 1 a to 1 ¢ show also the coronary artery ostium
Ba and 6b and Figure 1 a shows, in particular, the mitral
valve 7 of the left ventricle cavity 4.

[0052] Animplantable valve according to theinvention
essentially comprises a supple valvular structure sup-
ported by a strong frame. The positioning of the implant-
able valveis animportant pointsince the expanded frame
has to be positioned exactly at the level of the native
valvular leaflets 1, 2 of the native valve, the structures of
which are pushed aside by the inflated balloon.

[0053] Ideally, the implantable valve is positioned with
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the fastening line of the valvular structure on the frame
exactly on the remains of the crushed stenosed valve to
prevent any regurgitation of blocd. In practice, itis difficult
to position the implantable valve within less than 2 or 3
mm. However, any risk of regurgitation of blood is elim-
inated with the presence of an internal cover, as will be
described below.

[0054] The upper limit of the frame should be placed
below the opening of the coronary arteries, i.e., the cor-
onary ostia 6, or at their level so that the frame does not
impede free blood flow in the coronary arteries. This point
is a delicate part of positioning an IV since the distance
between the superior limit of the leaflets of the natural
valve and the corconary ostia 6 is only about 5 to 6 mm.
However, the ostia are located in the Valsalva sinus 8
which constitutes a hollow that are located a little out of
the way. This helps to prevent from impeding the coro-
nary blood flow by the V.

[0055] At the time of implantation, the operator evalu-
ates the exact positioning of the coronary ostia by locking
at the image produced by a sus-valvular angiogram with
contrast injection performed before the implantation pro-
cedure. This image will be fixed in the same projection
on a satellite TV screen and will permit the evaluation of
the level of the origin of the right and left coronary arteries.
Possibly, in case the ostia are not clearly seen by sus-
valvular angiography, a thin guide wire, as those used in
corcnary angioplasty, is positioned in each of the coro-
nary arteries to serve as a marker of the coronary ostia.
[0056] The lower part of the frame of the IV preferably
extends by 2 or 3 mm inside the left ventricle 4, below
the aortic annulus 2a. However, this part of the frame
should not reach the insertion of the septal leaflet of the
mitral valve 7, so that it does not interfere with its move-
ments, particularly during diastole.

[0057] Figures 2a and 2b show respectively an exam-
ple of a cylindrical frame 10 comprising intercrossing lin-
ear bars 11, with two intersections | by bar 11, the bars
11 being soldered or provided from a folded wire to con-
stitute the frame, with for instance a 20 mm, 15 mm or
12 mm height, and an example with only one intersection
of bars 11. Preferably, such a frame is expandable from
a size of about 4 to 5 millimeters to a size of about 20 to
25 mm in diameter, or even to about 30-35 mm {or more)
in particular cases, for instance for the mitral valve. More-
over, said frame, in its fully expanded state, has a height
of approximately between 10 and 15 mm and in its fully
compressed frame, a height of approximately 20 mm.
The number and the size of the bars are adapted to be
sufficiently strong and rigid when the frame is fully open
in the aortic orifice to resist the strong reccil force exerted
by the distorted stenosed aortic orifice after deflation of
the balloon used in the catheterization technique which
has been previously maximally inflated to enlarge the
stenosed valve orifice;

[0058] The frame may have several configurations ac-
cording to the number of bars 11 and intersections. This
number, as well as the size and the strength of the bars
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11, are calculated taking into account all the require-
ments described, i.e., asmall size inits compressedform,
its capacity to be enlarged up to at least 20 mm in diam-
eter and being strong when positioned in the aortic orifice
to be able to be forcefully embedded in the remains of
the diseased aortic valve and to resist the recoil force of
the acrtic annulus. The diameter of the bars is choosen,
for instance, in the range of 0.1-0.6 mm.

[0059] A frame particularly advantageous presents,
when deployed in its expanded state, an opening out 12
at both extremities as shown in Figures 3a and 3b, the
frame having a linear profile (Figure 3a not part of inven-
tion) or a concave shape profile (Figure 3b). This is aimed
at reinforcing the embedding of the IV in the aortic orifice.
However, the free extremities of the openings 12 are
rounded and very smooth to avoid any traumatism of the
aorta or of the myocardium.

[0060] The structure of a preferred frame used in the
present invention both maintains the aortic orifice fully
open once dilated and produces a support for the valvular
structure. The frame is also foldable. When folded by
compression, the diameter of said frame is about 4 to 5
millimeters, in view of its transcutaneous introduction in
the femoral artery through an arterial sheath of 14 to 16
F (F means French, a unit usually used in cardiology
field)i.e.,about 4.5 tc 5.1 mm. Also, as described below,
when positioned in the acrtic orifice, the frame is able to
expand under the force of an inflated balloon up to a size
of 20 to 23 mm in diameter.

[0061] The frame is preferably a metallic frame, pref-
erably made of steel. It constitutes a frame with a grate
type design able to support the valvular structure and to
behave as a strong scaffold for the open stenosed aortic
orifice.

[0062] Whentheframeis fullyexpanded,itsintercross-
ing bars push against the remains of the native stenosed
valve that has been crushed aside against the acrtic an-
nulus by the inflated ballocn. This produces a pe netration
and embeds the bars within the remains of the stenosed
valve, in particular owing to a concave profile of the frame
provided with an opening out, as illustrated in Figure 3b.
This embedding of the frame on the aortic annulus, or
more precisely on the remains of the crushed distorted
aortic valve, will be determinant for the strong fixation of
the IV in the right position, without any risk of displace-
ment.

[0063] Moreover, the fact that the valve leaflets in de-
generative aortic stenosis are grossly disterted and cal-
cified, sometimes leaving only a small hole or a small slit
in the middle of the orifice, has to be considered an ad-
vantage for the implantation of the valve and for its stable
positioning without risk of later mobilization. The fibrous
and calcified structure of the distorted valve provides a
strong base for the frame of the IV and the powerful reccil
phenomenon that results from elasticity of the tissues
contribute to the fixation of the metallic frame.

[0064] The height of the fully expanded frame of the
illustrated frames 10 is preferably between 10 and 15
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mm. Indeed, since the passage from the compressed
state to the expanded state results in a shortening of the
metallic structure, the structure in its compressed form
is a little longer, i.e., preferably about 20 mm length. This
does not constitute a drawback for its transcutaneous
introduction and its positioning in the aortic orifice.
[0065] As mentioned above, the frame is strong
enough to be able to oppose the powerful recoil force of
the distended valve and of the aortic annulus 2a. Prefer-
ably it does not possess any flexible properties. When
the frame has reached its maximal expanded shape un-
der the push of a forcefully inflated balloon, it remains
substantially without any decrease in size and without
any change of shape. The size of the bars that are the
basic elements of the frame is calculated in such a way
to provide a substantial rigidity when the frame is fully
expanded. The size of the bars and their number are
calculated to give both maximal rigidity when expanded
and the smallest volume when the metallic frame is its
compressed position.

[0066] At the time of making the IV, the frame is ex-
panded by dilatation to its broadest dimension, i.e., be-
tween 20 mm and 25 mm in diameter, so as to be able
to fasten the valvular structure on the inside side of its
surface. This fastening is performed using the techniques
in current use for the making of products such as other
prosthetic heart valves or multipolars catheters etc. Af-
terwards, it is compressed in its minimal size, i.e., 4 or 5
mm, in diameter in view of its introduction in the femoral
artery. Attimeofthe IV positioning, the frameis expanded
again by balloon inflation to its maximal size in the aortic
orifice.

[0067] If the frame is built in an expanded position, it
will be compressed, after fastening the valvular structure,
by exerting a circular force on its periphery and/or on its
total height until obtaining the smallest compressed po-
sition. If the frame is built in its compressed position, it
will be first dilated, for instance, by inflation of a balloon
and then compressed again as described above.
[0068] To help localizing the IV, the frame being the
only visible component of the valve, the shaft of the bal-
loon catheter on which will be mounted the IV before
introduction in the body (see below) possesses prefer-
entially metallic reference marks easily seen on fluoros-
copy. One mark will be at level of the upper border of the
frame and the other at the level of the lower border. The
IV, when mounted on the catheter shaft and crimpled on
it, is exactly positioned taking into account these refer-
ence marks on the shaft.

[0069] Accordingly, the frame is visible during fluoros-
copy when introduced in the patient’s body. When the
frame is positioned at the level of the aortic annulus, the
upper border of the frame is placed below the coronary
ostia. Furthermore, the implanting process during which
the balloon inflation completely obstructs the aortic ori-
fice, as seen below, is performed within a very short time,
i.e., around 10 to 15 seconds. This also explains why the
frame is clearly and easily seen, without spending time
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to localize it. More particularly, its upper and lower bor-
ders are clearly delineated.

[0070] Figures 4a and 4b show an example of a pre-
ferred IV 13 of the present invention, respectively in its
compressed position, in view of its introduction and po-
sitioning in the aortic orifice, and in its expanded and
opened (systole) position. Figures 5a and 5b show the
expanded position of this example closed in diastole, re-
spectively in perspective and in a crossed section view
along the central axis X'X of the valve prosthesis.
[0071] The valvular structure 14 is compressed inside
the frame 10 when this is in its compressed position (Fig-
ure 4a), i.e., it fits into a 4 to 5 mm diameter space. On
the other hand, the valvular structure can expand (Figure
4b) and follow the frame expansion produced by the in-
flated balloon. It will have to be able to reach the size of
the inside of the fully deployed frame.

[0072] The illustrated IV 13 is made of a combination
of two main parts:

1} the expandible but substantially rigid structure
made of the frame 10, a metallic frame in the exam-
ple; and

2} a soft and mobile tissue constituting the valvular
structure 14 exhibiting a continuous surface truncat-
ed between a base 15 and an upper extremity 16;
the tissue is fastened to the bars 11 of the frame at
its base 15 and is able to openin systole and to close
in diastole at its extremity 16, as the blood flows in
a pulsatile way from the left ventricle towards the
aorta.

[0073] Thetissue hasrectilinear struts 17 incorporated
in it in plane including the central axis X'X, in order to
strengthen it, in particular, in its closed state with a min-
imal occupation of the space, and to induce a patterned
movement between its open and closed state. Other ex-
amples of strengthening struts are described below. They
are formed from thicker zones of the tissue or from strips
of stiffening material incorporated in the tissue; they can
also beglued or soldered on the valvular tissue.

[0074] These strengthening struts help to prevent the
valvular tissue from collapsing back too muchand to evert
inside the left ventricle through the base of the frame.
These reinforcements of the valvular tissue help maintain
the folded tissue above the level of the orifice during
diastole , prevent too much folding back and risk of in-
version of the valvular structure inside the left ventricle.
By also preventing too much folding, a decrease of the
risk of thrombi formation can also be expected by reduc-
ing the number of folds.

[0075] The truncated shape forming a continuous sur-
face enables to obtain a strong structure and is more
efficient for the systolo-diastolic movements of the val-
vular tissue during heart beats. The truncoidal shape fa-
cilitates the closure of the valve structure at the beginning
of diastole in facilitating the start of the reverse movement
of the valvular tissue towards its base at the time of di-
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astole, i.e., at the time of flow reversal at the very begin-
ning of diastole. During diastole, the valvular structure
14 thus falls down, folding on itself, thereby collapsing
on its base, and therefore dosing the aortic orifice. In
fact, the valvular structure has preferably, as illustrated,
an hyperboloid shape, with a curvature on its surface
concave towards the aortic wall that will contribute to in-
itiating its closure.

[0076] Moreover, the basis of the truncated hyperbo-
loid is fixed on the lower part of a frame and the smallest
extremity of the truncated hyperbcloid is free in the blood
stream, during the respected closing and opening phasis.
[0077] An important advantage of this hyperboloidal
shape is that the upper extremity 16 of the valvular struc-
ture 14 can remain at a distance from the coronary ostia
during systole as well as during diastole, because of its
smaller diameter, thus offering an additional security to
make certain that the passage of blocd from aorta to the
coronary ostia is not impeded.

[0078] The base 15 of the truncated tissue is attached
on the frame 10 along a line of coupling 18 disposed
between the inferior fourth and the third fourth of the
frame in the example. The upper extremity 16, with the
smaller diameter, overpasses the upper part of the frame
by a few millimeters; 6 tc 8 mm, for instance. This gives
the valvular structure a total height of about 12 to 15 mm.
[0079] The upper extremity 16 of the truncated tissue,
i.e., the smaller diameter of the hyperboloidal structure
14, is about 17 to 18 mm in diameter (producing a 2.3 to
2.5 cm? area opening) for a 20 mm diameter base of the
truncated structure, or 19 to 20 mm in diameter (produc-
ing a 2.8 or a 3 cm? area opening) for a 23 mm diameter
base. An opening area around 2 cm? or slightly above,
gives satisfactory results, particularly in elderly patients
who would not reascnably need to exert high cardiac
output.

[0080] For instance, in the present example, the line
of fastening of the base of the truncated tissue on the
frame will have to expand from a 12.5 mm perimeter (for
a 4 mm external diameter of the compressed V) toa 63
mm perimeter { for a 20 mm external diameter of the ex-
panded IV}, or to a 72 mm perimeter (for a 23 mm ex-
ternal diameter, in case a 23 mm balloon is used).
[0081] Ancther advantage ofthis truncated continuous
shape is that it is stronger and has less risk of being
destroyed or distorted by the forceful balloon inflation at
the time of IV deployment. Also, if the truncated hyper-
beloidal shape is marked, for instance, with a 16 or 17
mm diameter of the upper extremity as compared to a
20 mm diameter of the base (or 18 to 20 mm for 23 mm),
the smaller upper part is compliant during balloon infla-
tion in order to enable the balloon to expand cylindrically
to its maximal 20 mm diameter (or 23 mm}. This is made
possible by using a material with some elastic or compli-
ant properties.

[0082] The valvular structure of the invention, as
shown in the illustrated example, includes advanta-
geously a third part, i.e., the internal cover 19 to be fixed
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on the internal wall of the frame 10. This internal cover
prevents any passage of blood through the spaces be-
tween the bars 11 of the frame in case the implantable
valve would be positioned with the fastening line of the
valvular structure on the frame not exactly on the remains
of the dilated aortic valve, i.e., either above or below. It
also strengthens the fastening of the valvular structure
14 to the frame 10.

[0083] In the different sectional views of the different
examples of IV, as illustrated at Figures 6a to 6¢, the
internal cover 19 covers the totality of the internal side
of the frame 10 (Figure 6a), only the lower part of the
frame 10 according to the invention (figure 6b), or it can
additionally cover partially 3 to 5 mm as shown in the
passage of blood from aorta to the coronary ostia Figure
6¢, the upper part defined above the coupling line 18 of
the valvular structure.

[0084] For instance, such an extension of the internal
cover 19 above the fastening line 18 of the valvular struc-
ture will give another security to aveid any risk of regur-
gitation through the spaces between the bars 11 in case
the IV would be positioned too low with respect to the
border of the native acrtic valve.

[0085] The internal cover can also be molded to the
valvular structure or casted to it which therefore consti-
tutes an integral structure. The valvular structure and the
internal cover are therefore strongly locked together with
minimum risk of detachment of the valvular structure
which is unceasingly in motion during systole and dias-
tole. In that case, only the internal cover has to be fas-
tened on the internal surface of the frame which renders
the making of the IV easier and makes the complete de-
vice stronger and more resistant. In particular, the junc-
tion of the mobile part of the valvular structure and the
fixed part being molded as one piece is stronger and
capable to face the inceasing movements during the sys-
tolo-diastolic displacements without any risk of detach-
ment.

[0086] The presence of the internal cover makes an
additional layer of plasticmaterial that occupies the inside
of the frame and increases the final size of the IV. There-
fore, in the case in which the internal cover is limited to
the inferior part of the frame (that is, below the fastening
line of the valvular structure}, it does not occupy any ad-
ditional space inside the frame. Here also, it is more con-
venient and safer to make the valvular structure and this
limited internal cover in one piece.

[0087] In other aspects, to prevent any regurgitation
of blood from the aorta towards the left ventricle during
diastole, the base of the valvular structure is preferably
positioned exactly at the level of the aortic annulus
against the remains of distorted stenosed valve pushed
apart by the inflated balloon. Therefore, there is no pos-
sibility of blood passage through the spacesbetween the
metallic frame bars 11 below the attachment of the val-
vular structure.

[0088] However, to aveid any risk of leaks, the part of
the frame below the fastening of the valvular structure
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(about 3 to 5 mm) is preferably covered by an internal
cover which is made with the same tissue as the valvular
structure. Thus, there would be no regurgitation of blood
which is a possibility when there is any space between
the valvular structure fastened on the metallic frame and
the line of application of the frame on the aortic annulus.
The internal cover makes a sort of "sleeve” below the
fastening of the valvular structure on the internal surface
of the frame, covering the spaces between the frame
bars of the frame at this level, thus preventing any regur-
gitation of blood through these spaces.

[0089] The internal cover can also have another func-
tion, i.e., it can be used to fasten the valvular structure
inside the frame, as described below.

[0090] At Figure 6d, the internal cover 19 is extended
atits lower end 19’ to an external cover 19" whichisrolled
up to be applied on the external wall of the stent 10. The
internal and external cover are molded, glued or soldered
to the bars of the stent 10.

[0091] The coupling process of the valvular structure
on the frame is ofimportance since it has to be very strong
without any risk of detachment of the valvular structure
from the frame during millions of heart beats with pulsatile
blood flow alternatively cpening and closing the valvular
structure.

[0092] The valvular structure of the invention folds to
a very small size inside the frame in the compressed
position of the valve and is expandable up to 20 to 23
mm diameter. Also, the valvular structure can resist the
strong force exerted by the maximally inflated balloon
that will powerfully squeeze it against the bars of the
frame or against the internal cover, this one being
squeezed directly against the bars of the frame. The junc-
tion zone is also particularly subjected to very strong
pressure exerted by the inflated balloon. Furthermore,
this junction zone must not tear or break off during ex-
pansion of the balloon. At this time, each part of the junc-
tion zone is squeezed against the bars but nonetheless
follows the expansion of the frame.

[0093] As shown in Figure 7, the junction zone is, for
example, a fastening line 20 which follows the design of
a"zig-zag" line drawn by the intercrossing bars 11 of the
frame on the internal cover 19.

[0094] The fastening of the valvular structure to the
frame can be made by sewing the internal and/or the
external cover to the bars. To prevent any leakage of
blood, stitches are preferably numercus and very close
to each other, either as separated stitches or as a con-
tinuous suture line. Also, the stitches are made directly
around the bars 11. Furthermore, since the valvular struc-
ture is expanded together with the metallic frame, the
stitches, if made as a continucus suture line, are also
able to expand at the same time.

[0095] Accordingtoan example, the fastening process
can also be made by molding the base of the valvular
structure on the frame. At this level, the bars 11 are im-
bedded in the coupling line of the valvular structure 14.
This mold way also concerns the internal cover 19, when
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it goes below the coupling line 14 on the frame over few
millimeters, for example, 2 to 4 mm. As mentioned above,
this is intended in order to prevent any regurgitation of
blood just below the lower part of the valvular structure
14 in case the frame 10 would not be exactly positioned
on the aortic annulus but at few millimeters away.
[0096] The fastening process as examples can further
be made by gluing or soldering the valvular structure on
the bars with sufficiently powerful biocompatible glues.
The same remark can be made concerning the internal
cover of the frame below the coupling line of the valvular
structure.

[0097] Also, this allows the coupling line to follow the
frame changes from the compressed position to its ex-
panded one.

[0098] The valvular structure can also be fastened on
the internal cover previously fixed at the total length of
the internal surface of the metallic frame. The internal
cover constitutes therefore a surface on which any type
of valvular structure be more easily sewed, molded or
glued. Because it is a structure with a large surface and
is not involved in the movements of the valvular tissue
during systcle and diastele, the internal cover is more
easily fastened to the internal surface of the frame.
[0099] In the particular embodiment shown in Figure
8, the internal cover 19 is fastened, after introduction (in-
dicated by the arrow B}, at the upper and lower extrem-
ities of the frame 10 on the upper and lower zig-zag lines
of the intercrossing bars 11. In fact, the fastening of the
internal cover 19 on the zig-zag lines made by the inter-
crossing bars 11 of the frame allows an easier passage
of blocd from the aorta above the IV towards the coronary
ostia. Indeed, the blood can find more space to flow into
the coronary ostia by passing through the lowest point
of each triangular space made by two intercrossing bars
11, as indicated by the arrows A1 {see alsc Figure 1b).
[0100] The fastening of the internal cover 19 on the
extremities can be reinforced by various points of attach-
ment cn various parts of the internal surface of the frame
10. The internal cover 27 is fastened by sewing, the bars
11 onto the frame.

[0101] Fastening the valvular tissue {and the cover tis-
sue below) on the inside of the frame, requires work on
the frame in its expanded position to have access to the
inside of this cylindric frame. In a preferred example the
frame is expanded a first time for fastening the valvular
tissue on its bars, then compressed back tc a smaller
size to be able to be introduced via arterial introducer
and finally expanded again by the balloon inflation.
[0102] Sinceitis aimed at being positioned in the heart
after having been introduced by a catheterization tech-
nique by a transcutaneous route in a peripheral artery,
mainly the femoral artery, the IV should preferably have
the smallest possible external diameter. Ideally, it should
be able to be introduced in the femoral artery through a
14 F (4,5 mm} size arterial introducer which is the size
of the arterial introducer commonly used to perform an
aortic dilatation. However, a 16 F (5,1 mm) or even a 18
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F (5,7 mm) introducer would alsc be acceptable.
[0103] Above this size, the introduction of the IV in the
femeoral artery should probably be done by a surgical
technique. This is still quite acceptable since the surgical
procedure would be a very light procedure which could
be done by a surgecn with a simple local anaesthesia. It
has to be recalled that this technique is used toc position
big metallic frames, about 24 F in size (7.64 mm in diam-
eter), in the abdominal aorta for the treatment of aneu-
rysms of the abdominal aorta. In that situaticn, this ne-
cessitates surgical repair of the artery after withdrawal
of the sheath (M. D. Dake, New Engl. J Med. 1994;331:
1729-34).

[0104] Ideally, an IV should be able to last several
tenths of life years without defect, like the mechanical
prosthetic valves which are currently implanted by the
surgeons. Nevertheless, an implantable valve that would
last at least ten years without risk of deterioration would
be effective for the treatment of elderly patients.

[0105] A valvular structure according to the invention
is made of a supple and reinforced tissue which has a
thickness to be thin enough to occupy as less as possible
space in the compressed form of the valve, is pliable,
and also strong enough to stand the unceasing move-
ments under the blood pressure changes during heart
beats. The valvular structure is capable of moving from
its closed position to its open position under the action
ofthe force exerted by the movements of the bloed during
systole and diastole, without having any significant re-
sistance to blood displacements.

[0106] The material used for the tissue, which exhibits
the above mentioned requirements, may be Teflon® or
Dacron®, which are quite resistant to folding movements,
atleast when they are used to repair cardiac defects such
as inter-atrial or interventricular defects or when they are
used to repair a valve such as the mitral valve which is
subjected to high pressure changes and movements dur-
ing heart beats. Also, a main point is the inceasing sys-
tolo-diastolic movements of the valvular tissue, particu-
larly at its junction with the rigid part of the IV, and it is
therefore necessary to find the most possible resistant
material tissue.

[0107] As mentioned previously, the valvular structure
is made according to the invention with biological tissue
such as the pericardium, or with porcine leaflets, which
are commonly used in bioprosthetic surgically implanted
valves.

[0108] Moreover, the valvular prosthesis of the present
invention does notinduce any significantthrombosis phe-
nomenon during its stay in the blood flow and is biolog-
ically neutral.

[0109] To prevent the risk of thrombus formation and
of emboli caused by clots, a substance with anti-thrombic
properties could be used, such as heparine, ticlopidine,
phosphorylcholine, etc. either as a coating material or it
can be incorporated into the material used for the im-
plantable valve, in particular, for the valvular structure
and/or for the internal cover.
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[0110] The valvular structure of the invention can have
several types of designs and shapes. Besides the exam-
ple illustrated in Figures 4 and 5, examples of strength-
ened valvular structures according to the invention are
shown in Figures 9 to 11, respectively in the closed (fig-
ures 9a, 10a, 11a) and in the open state (figures 9b, 10b,
11b) to form a prosthetic valve according to the present
invention. In those figures, the frame line is simplified to
clarify the drawings.

[0111] To help initiate and finalize the closure of the
valvular structure, four strengthening struts 14 are slightly
incdlined from the base to the upper part as compared to
the central axis X’X of the structure, as shown in Figures
9a and Sb. Accordingly, a patterned movement of the
valvular structure, during the closing and the opening
phases, is initiated. This patterned movement is, in the
present case, an helicoidal-type one, as suggested in
Figures 9b and 10b by the circular arrow.

[0112] Figures 10a and 10b illustrate another embod-
iment to help the closing of the valvular structure and
which also involves an helicoidal movement. Represent-
ed by lines 22, inclined pleats are formed in the tissue to
impart such a movement. As illustrated, these lines have
an inclination from the base to the upper part of the tissue
14. Pleats are formed by folding the tissue or by alternat-
ing thinner and thicker porticns. The width and the
number of those pleats are variable, and depend partic-
ularly on the type of material used. According to another
example, these pleats 34 are combined with the above
described inclined strengthening struts.

[0113] These reinforcing pleats and/or struts, rectilin-
ear or inclined, have the advantage to impart a reproduc-
ible movement and, accordingly, to aveid the valvular
structure from closing te a nonstructurized collapse on
the frame base.

[0114] Another shape of the valvular structure com-
prises two portions: one portion being flexible but with
some rigidity, having a rectangular shape, occupying
about one third of the circumference of the valvular struc-
ture, and the other portion being more supple, flexible
and foldable occupying the rest of the circumference at
its base as well as at its upper, free border. According to
Figure 11¢, this valve is opened, during the ejection of
bloced, i.e., during systol. In Figure 11d, a front view of
the valve is closed, during an intermediate diastole, and
in Figure 11e the same closed valve during diastole is
shown from a side view. The semi-rigid part 24’ moves
little during systole and during diastole. The foldable part
23’ moves away from the rigid part during systole to let
the blood flow through the crifice thus made. This orifice,
due to the diameter of the upper part which is the same
as that of the open stent, is large, generally as large as
that of the open stent. At the time of diastole, due to the
reverse of pressure, the foldable part moves back to-
wards the semi-rigid part and presses on it, and thus
closes the orifice and prevents any regurgitation of blood.
[0115] Theadvantage ofsuchavalve designistcallow
alarge opening of the upper part of the valvular structure,
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not only to permit more blood flow at time of systole after
the valve has been implanted, but alsc at the very time
of implantation, when the balloon is maximally inflated to
expand the valve to imbed it in the valvular annulus. The
diameter of the upper part of the valvular structure could
be the same size as the balloon, so that there would be
no distension of the valvular part of the valve at the time
of implantation, and therefore no risk of deterioration of
the valvular structure by the inflated balloon.

[0116] The foldable part of the valve could be rein-
forced by strenghtening struts to prevent an eversion of
the valve towards the left ventricle during diastole.
[0117] Another shape of the valvular structure, as il-
lustrated in Figures 11 a and 11 b comprise four portions,
alternatively a main portion 23 and a more narrow portion
24. The main and the narrow portions are facing each
other. Each portion has an isosceles trapezoidal shape.
The main portions 23 are flexible but with some slight
rigidity and the more narrow porticns 24 are compliant,
more supple and foldable. In this type of design, the two
slightly rigid portions 23 maintain the valvular structure
closed during diastole by firmly applying on each cther
in their upper extremities, thus forming a slot-like closure
25. This particular embodiment needs less foldable tis-
sue than in the previous embodiments and the closure
of the valvular structure at the time of early diastole does
not have any tendency to collapse towards the aortic an-
nulus.

[0118] Another design for the valvular structure is a
combination of a cylindrical shape followed by a truncat-
ed shape.

[0119] This type of valvular structure is longer that the
hyperboloidal type, for instance, 25 or 30 mm long, there-
fore exceeding out of the upper part of the metallic frame,
by 10 to 20 mm. The cylindrical part corresponds to the
metallic frame and remains inside it. The truncated conic
shape is the upper part of the valvular structure, totally
exceeding out of the upper extremity of the metallic
frame. An advantage of such a design is that the ballcon
can be inflated only in the cylindrical part of the valvular
structure, therefore without risk of stretching the truncat-
ed conical part of the upper diameter which is smaller
than that of the inflated balloon.

[0120] When the upper extremity of the cylindrical part
has the same size as the lower extremity, there is no
difference during balloon inflation in the degree of force
exerted by the balloon on the lower and on the upper
extremity of the valvular structure. Preferably, rectilinear
reinforcing struts are used in this embodiment, to
strengthen the valve structure and aid in its shutting with-
out collapsing and inverting inside the left ventricle
through the aortic annulus under the force of the diastolic
pressure.

[0121] Tweo different processes for implanting a valve
according to the presentinvention are shown respective-
ly in Figures 13a to 13| with a unique balloon catheter,
as illustrated in Figures 12a and 12b and in Figures 15a
to 15f, with a two-ballocon catheter, as illustrated in Figure
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[0122] The IV positioning in the aortic orifice and its
expansion can be performed with the help of a unique
substantially cylindrical balloon catheter 26 in the so-
called unigue-ballocn catheterization technique.

[0123] Preparing forits introduction by transcutaneocus
route in the femoral artery, the IV 13 is, as illustrated in
the perspective view of Figure 10ain a compressed form
crimpled on the balloon catheter 26. A central sectional
view of the mounted IV 13 on the complete balloon cath-
eter 26 is shown in Figure 12b.

[0124] The shaft 27f of the balloon dilatation catheter
26 is as small as possible, i.e., a 7TF (22 mm)ora 6 F
(1.9 mm} size. The ballocn 26 is mounted on the shaft
27 between two rings R. Mcreover, the shaft 27 compris-
es a lumen 28 (Figure 12b) as large as possible for in-
flation of the balloon 26 with diluted contrast to allow sim-
ple and fast inflation and deflation. It has also another
lumen 29 able to accept a stiff guide wire 30, for example
0.036 to 0.038 inches {0.97 mm), to help position the
implantable valve with precision.

[0125] The balloon 26 has, for example, a 3 to 4 cm
lengthinits cylindrical part and the smallest possible size
when completely deflated so that it will be able to be
placed inside the folded valve having an outside diameter
which ranges between about 4 and 5 mm. Therefore, the
folded balloon preferably has at the most a section diam-
eter of about 2.5 to 3 mm.

[0126] The balloon is therefore made of a very thin
plastic material. Itisinflated with saline containing a small
amount of contrast dye in such a way to remain very fluid
and visible when using X-ray.

[0127] However, the balloon 26 has to be sufficiently
strong tc resist the high pressure that it has to withstand
to be capable of expanding the folded valvular structure
14 and the compressed frame in the stencsed aortic or-
ifice considering that, although pre-dilated, the aortic or-
ifice still exerts a quite strong resistance to expansion
because of the reccil phenomenon.

[0128] This procedure is shown in Figures 13ato 13e.
[0129] Incontrastto the technique used when perform-
ing the usual aortic dilatation (without valve implantation),
i.e., inflating the balloon maximally markedly above the
nominal pressure, if possible, up to the bursting point
(which cccurs always with a longitudinal tear, without del-
etericus consequence, and with the advantage of both
exerting a maximal dilating force and restoring blood
ejection instantaneously), the balloon inflated for expan-
sion of an implantable valve should not burstin any case.
Indeed, bursting of the balloon would involve a risk of
incomplete valve expansion and wrong positicning.
Therefore, the balloon should be very resistant to a very
high pressure inflation. Furthermore, the ballconis inflat-
ed only up to the nominal pressure indicated by the maker
and the pressure is controlled during inflation by using a
manometer. Such relatively low pressure should be suf-
ficient since prior to positioning the IV, an efficacious dil-
atation of the stencsed aortic valve according to the usual
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technigue with a maximally inflated balloon for example
20 mm or 25 mm in size in such a way to scoften the
distorted valvular tissue and facilitate the enlargement of
the opening of the valve at time of IV implantation is per-
formed.

[0130] The implantation of the acrtic valve 20 can be
made in two steps, as described as follows.

[0131] The first step, as shown in Figures 13a to 131,
consists in introducing the shaft 27 and balloon catheter
26 along the guide wire previously positicned in the ven-
tricle 4 (Figures 13a-13b). The dilatation of the stencsed
aortic valve 1, 2’ using a regular balloon catheter, ac-
cording to the commonly performed procedure, i.e., with
the guide wire 30 introduced in the ventricle 4 {Figure
13a) and with maximal inflation of the balloon 26 (Figures
13c to 13d} up to the bursting peoint. Dilatation is per-
formed at least with a balloon having about 20 mm diam-
eter, but it can be performed with a balloon having about
23 mm diameter so as to increase maximally the aortic
orifice opening before implantation of the valve although
the implantable valve is about 20 mm in diameter. This
preliminary dilatation of the aortic crifice helps in limiting
the force required to inflate the balloon used to expand
the implantable valve and position it in the aortic orifice,
and alsoin limiting the recoil of the acrtic valve that occurs
immediately after ballocon deflation. The balloonis deflat-
ed (Figure 13a) and pulled back on the wire guide 30 left
inside the ventricle.

[0132] Owing to the marked recoil of the stenosed
valve and alsc of the strong acrtic annulus, the 20 mm
diameter valve is forcefully maintained against the val-
vular remains at the level of the acrtic annulus. Prelimi-
nary dilatation has ancther advantage in that it permits
an easier expansicn of the IV, having a lower pressure
balloon inflation which helps prevent damage of the val-
vular structure of the IV. This also facilitates the accurate
positioning of the prosthetic valve.

[0133] The second step corresponds to the implanta-
tion of the valve 13 is shown in Figures 13g to 13l. The
positioning of the IV needs to be precise at a near 2 or 3
mm, since the coronary ostia 6 has to remain absolutely
free of any obstruction by the valve 13 (Figures 13k and
131). As mentioned above, thisis, for example, performed
with the help of the image of the sus-valvular angiogram
in the same projection fixed on an adjacent TV screen.
The expansion and the positicning of the valve prosthesis
13 is performed within a few seconds {15 to 20 among
at most)} since during the maximal ballooninflation (which
has to be maintained only a very few seconds, 3, 4, 5)
the aortic crifice is obstructed by the inflated balloon 31
and the cardiac output is zero (Figure 13h}. As for the
pre-dilatation act itself, the balloon 26 is immediately de-
flated within less than 5 or 6 seconds (Figure 13j) and,
as soon as the deflation has clearly begun, the closing
and opening states of the IV are active whereas the bal-
loonis pulled back briskly in the aorta (Figures 13jto 13l).
In case the IV is not maximally expanded by the first
inflation, it is possible to replace the balloon inside the
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IV and to reinflate it so as to reinforce the expansion of
the IV.

[0134] The IV 13 can also be used in aortic regurgita-
tion. This concerns more often younger patients rather
than those with aortic stenosis. The contraindication to
surgical valve replacement is often not due to the old age
of the patients, but stems mainly from particular cases
where the general status of the patient is too weak to
allow surgery, or because of associated pathelogical con-
ditions. Apart from the fact that there is no need for a
preliminary dilatation, the procedure of the valve implan-
taticn remains approximately the same. The balloonin-
flation inside the IV is chosen accordingly, taking also
into account the fact that it is necessary to overdilate the
aortic annulus to obtain a recoil phencemenon of the an-
nulus after balloon deflation to help maintain the IV in
position without any risk of displacement.

[0135] However, the size of the expanded implantable
valve is around 25 to 30 mm in diameter, or even bigger,
because the aortic annulus is usually enlarged. A prelim-
inary measurement of the annulus will have to be per-
formed on the sus-valvular angiography and by echocar-
diography to determine the optimal size to choose.
[0136] The IV canbe usedinthe mitral position, mainly
in case of mitral regurgitation, but alsc in case of mitral
stenosis. Here again, the IV 20 is only described when
used only in cases of contraindication to surgical valve
repair or replacement. The procedure is based on the
same general principles though the route for the valve
positicning is different, using the transseptal route, like
the commonly performed mitral dilatation procedure in
mitral stencsis. The IV size is quite larger than for the
aortic localization (about 30 to 35 mm in diameter when
expanded or clearly above in case of a large mitral an-
nulus, a frequent occurrence in mitral insufficiency), to
be capable of occupying the mitral area. A preliminary
measurement of the mitral annulus is performed to de-
termine the optimal implantable valve size to choose.
Since the intreduction of the IV is performed through a
venous route, almost always through the femoral vein
which is quite large and distensable, the bigger the size
of the IV in its compressed position is not a drawback
even if the diameter size is about 6 or ¥ mm. Moreover,
the problem of protection of the coronary ostia as en-
countered in the aortic position does not exist here which
therefore makes the procedure easier to be performed.
[0137] Finally, the IV can be used to replace the tricus-
pid valve in patients with a tricuspid insufficiency. This
procedure is simple to perform since the positioning of
the IV is made by the venous route, using the shortest
way to place in the right position at the level of the tricus-
pid orifice practically without any danger from clot migra-
tion during the procedure. A large implantable valve is
used, with a diameter of about 40 mm or even larger
because the tricuspid annulus is often markedly dilated
in tricuspid insufficiency. Here also, as in the mitral po-
sition, the compressed IV and the catheter used can be
without inconvenience, quite larger than that for the acrtic
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position because of the venous route used.

[0138] Furthermore, it has to be noted that the IV can
be used also as a first step in the treatment of patients
who have contraindication to surgery, when they are ex-
amined for the first time, but who could improve later on
after correction of the initial hemodynamic failure. The IV
procedure can be used as a bridge towards surgery for
patients in a weak general condition which are expected
to improve within the following weeks or months after the
IV procedure in such a way that they can be treated by
open heart surgery later on. In the same vein, the IV
procedure can be used as a bridge towards surgical valve
replacement or repairin patients with a profoundly altered
cardiac function that can improve secondarily owing to
the hemodynamic improvement resulting from the cor-
rection of the initial valvular disease by the IV implanta-
tion.

[0139] Another technique for implantation of an aortic
valve by transcutaneous catheterization uses a two-bal-
loon catheter.

[0140] An example of this technique using the two
parts IV with a two-balloon catheter 40 is shown in Figure
14.

[0141] Two-balloons 26 and 26’ are fixed on a unique
catheter shaft 27, said ballcons being separated by a few
millimeters. The two balloons are preferably short, i.e.,
about 2 to 2.5 om long in their cylindrical part. The first
balloon 26 to be used, carries a first frame 10 aimed at
scaffolding the stenosed aortic orifice after initial dilata-
tion. This first balloon 26 is positicned on the aorta side,
above the second balloon 26 which is positioned on the
left ventricle side. The second balloon 26’ carries the ex-
pandable valve 13 which is of the type described above
made of a second frame 10’ and a valvular structure 14
attached to said frame 10°. The difference is that the sec-
ond frame does not need to be as strong as the first frame
and is easier to expand with low balloon pressureinflation
which does not risk damaging the valvular structure 14.
[0142] This enlarges the choice for making a valvular
structure without having to face two contradictory condi-
tions:

1) having a soft and mobile valvular structure 14 ca-
pable of opening and closing freely in the blood
stream without risk of being damaged by a ballcon
inflation; and

2) needing a reinforced frame strong enough to be
capable of resisting without any damage, a strong
pressure inflation of the expanding balloon.

[0143] The shaft 27 of this successive two-balloon
catheter 40 comprises two lumens for successive and
separate inflation of each balloon. Indeed, an additional
lumen capable of allowing a fastinflation occupies space
in the shaft and therefore an enlargement of the shaft is
necessary. However, this enlargement of the shaft stops
at the level of the first balloon 28 since, further to said
first balloon, only cne lumen is necessary to inflate the
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second balloon 26°, at the level of the IV which is the
biggest part of the device.

[0144] Another advantage of this two part IV with a
two-balloon catheter is that each set ofimplantable valve
and balloon has a smaller external diameter since each
element to be expanded, considered separately, is small-
er than in combination. This allows obtaining more easily
a final device with an external diameter 14 F.

[0145] The first balloon is sufficiently strong to aveoid
bursting even at a very high pressure inflation. This first
balloon is mounted in the frame in its deflated position,
prior teits introduction by the strong frame which is aimed
to scaffold the dilated stenosed aortic valve. The size and
shape of said frame is comparable to what has been de-
scribed previously but said frame is calculated {in partic-
ular the material, the number and diameter of its bars are
chosen by the person skilled in the art) to make sure that
it will resist the recoil of the dilated valve and that it will
be securely embedded in the remains of the native acrtic
valve.

[0146] The second balloon does not need to be as
strong as the first one and, therefore, can be thinner,
occupying less space and being easier to expand with a
lower pressure for balloon inflation. This second balloocn
26’ is mounted in the valve itself which, as in the preced-
ing description, comprises a frame to support the valvular
structure and said valvular structure.

[0147] Alsoc, the second frame 10" does not need to be
as strong as the first one. This frame can be slightly short-
er, 10 mm instead of 12 mm, and its bars can be thinner.
This frame can have an external surface which is a bit
rough to allow better fixation on the first frame when ex-
panded. The bars may alsc have some hooks to fasten
to the first frame.

[0148] The valvular structure is attached on said sec-
ond frame and expanded by relatively low pressure in
the second balloon called hereafter the [V balloon. It does
not need to be as strong as in the preceding case (IV in
one part and unique balloon catheter technique) and,
therefore, it cccupies less space and has less risk to be
damaged at the time of expansion.

[0149] This technique is shown in Figures 15a to 15f.
[0150] One of the problems relevant to the IV implan-
tation procedure as described above, with the IV in one
part, is the expansion at the same time by the same bal-
loon inflation of both the frame and the valvular structure.
Indeed, the frame is a solid element and the valvular
structure is a relative weak cne that could be damaged
when squeezed by the inflated balloon.

[0151] Therefore, the valve implantation can be per-
formed in two immediately successive steps. The first
step {Figures 15a-15b} corresponds to the expansion
and the positioning of the first frame with the first balloon
26 wherein inflation is performed at a high pressure. The
second step {(Figures 15d-15e) corresponds to the ex-
pansion and the positicning of the valvular structure 14
inside the frame 10’ using the second balloon 26’. This
second step follows the first ocne within a few seconds
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because, inthe time interval between the two steps, there
is a total aortic regurgitation towards the left ventricle
which is an hemedynamic condition that cannot be main-
tened for more than afew heart beats, i.e., afew seconds,
withoutinducing a massive pulmonary edema and a drop
to zero of the cardiac output.

[0152] In another embodiment, the first frame to be
introduced comprises the valvular structure and the sec-
ond frame being stronger than the first cne to scaffold
the previously deleted stencsed aocrtic valve.

[0153] The advantage ofthistwostep procedure would
be to allow expansion and positioning of the frame part
10" of the IV 13 using strong pressure inflation of the
balloon 26" without the risk of damaging the valvular
structure 14 which, for its own expansion, would need
only light pressure inflation.

[0154] The method is schematically detailed in Figures
15a to 151. A previous dilatation of the stenosed aortic
valve is performed as an initial step of the procedure to
prepare the distorted valve to facilitate the following
steps:

1/ positioning the double balloon catheter 40 with the
first balloon 26 with the frame at the level of the aortic
annulus 2a, the second IV balloon 26’ being inside
the left ventricle beyond the aortic annulus 2a (Figure
15a);

2/ compression of the stenosed aortic valve 1', 2’
with the first balloon 28 having a 20 mm, preferably
with a 23 mm diameter, the balloon being inflated
maximally up to the bursting point, to prepare the IV
insertion (Figure 15b). Inflation lasts a few seconds
(preferably 10 seconds at most) with powerful pres-
sure being used to expand the frame and forcefully
embed said frame in the remains of the dilated valve;
3/animmediate speedy deflation of said first ballcon
26 follows (Figure 15c); as soon as the ballocn 26
is beginning to clearly deflate, the first frame 10 re-
maining attached tc the stencsed valve 1°, 2’, the
catheter 40 is withdrawn to position the IV balloon
286’ inside the previously expanded frame 26 (Figure
15¢ in which the frame 10’ is partially drawn for clarity
purposey);

4/immediately after being well positicned, the IV bal-
loon 26’ is promptly inflated, to expand the IV 13
(Figure 15c¢); and

5/ when the IV 13 is blocked inside the first frame
10, the IV balloon 26’ is deflated {Figure 18f).

[0155] Finally, the whole device has to be withdrawn
to allow hemostasis of the femoral artery puncture hole.
[0156] The total duration of the successive steps, par-
ticularly the time during which the balloons are inflated,
and the time during which the frame is expanded whereas
the valve has not yet been positioned and expanded, is
about 20 to 30 seconds. This is feasible if the balloons
are inflated and deflated within very a few seconds, 6 to
8, for instance. This is permitted if the lumen of the shaft
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can be sufficiently large, taking into account the inescap-
able small diameter size of the shaft. This can also be
facilitated by a device producing instantaneously a strong
inflation or deflation pressure.

Claims

1. A prosthetic valve assembly for implantation in a
stenotic native aortic valve, comprising:

a metallic frame (10) having upper and lower
extremities and wherein at least a portion of said
frame has a concave profile between said upper
and lower extremities, said frame being com-
pressible to an external diameter capable of be-
ing introduced through an 18F (5,7mm) arterial
introducer for advancing the prosthetic valve as-
sembly through a patient’s vasculature using a
catheterization technique and said frame being
expandable for implantation within said stenotic
native aortic valve;

a collapsible valvular structure (14) sewn to said
frame between said upper and lower extremi-
ties, said valvular structure being formed of peri-
cardial tissue for occluding blood flow in one di-
rection; and

aninternal cover (19) made with the same tissue
as the valvular structure, said internal cover hav-
ing an upper end coupled to said valvular struc-
ture and a lower end attached to said lower ex-
tremity of said frame, said internal cover sewn
to a wall of said frame and extending along an
internal surface of said wall of said frame only
between said valvular structure and said lower
extremity of said frame for preventing regurgita-
tion of bloed through said wall of said frame be-
low said valvular structure.

2. The prosthetic valve assembly of claim 1, wherein
said internal cover is sewn to the lower extremity of
said frame (10) along a zig-zag line.

3. The prosthetic valve assembly of claim 1, wherein
said upper extremity of said frame {10) presents an
opening out (12} cr is flared.

4. The prosthetic valve assembly of claim 1, wherein
said lower extremity of said frame (10) presents an
opening out (12} or is flared.

5. The prosthetic valve assembly of claim 1, wherein
said internal cover (19) is integral with said valvular
structure {14).

6. The prosthetic valve assembly of claim 1, wherein
said frame (10) is expandable to a size of about 20
to 25 millimeters.
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The prosthetic valve assembly of claim 1, wherein
said valvular structure (14) forms a continuous sur-
face and is provided with guiding means (17}.

The prosthetic valve assembly of claim 7, wherein
said guiding means (17} create stiffened zones
which induce said valvular structure (14) to follow a
patterned movement when moving from a closed
state to an open state.

The prosthetic valve assembly of claim 8, wherein
said guiding means (17) are further configured to
prevent eversion of said valvular structure {(14).

The prosthetic valve assembly of claim 1, wherein
said frame is further compressible to an external di-
ameter of about 4 to 5 millimeters.

The prosthetic valve assembly of claim 1, wherein
said frame is further compressible to an external di-
ameter capable of being introduced through a 16F
(5,1mmy} arterial introducer.

The prosthetic valve assembly of claim 1, wherein
said frame is further compressible to an external di-
ameter capable of being introduced through a 14F
(4,5mmy} arterial introducer.

The prosthetic valve assembly of claim 1, wherein
said frame is formed with intercrossing bars.

The prosthetic valve assembly of claim 13, wherein
said intercrossing bars are rounded and smooth lin-
ear bars.

The prosthetic valve assembly of claim 1, wherein
said frame is formed with a plurality of bars having
spaces therebetween and whereina diameter of said
barsisin arange of 3,1to 0,6 mm for being forcefully
embedded in a remains of the stenotic aortic valve
and to resist a recoil force of an acrtic annulus.

Patentanspriiche

1.

Herzklappenprothesenanordnung zur Implantation
in eine stenotische natlrliche Aortenklappe, umfas-
send:

einen metallischen Rahmen (10}, der obere und
untere Endbereiche hat, wobei zumindest ein
Teil des Rahmens ein konkaves Profil zwischen
den oberen und den unteren Endbereichen hat,
wobei der Rahmen auf einen Auliendurchmes-
ser zusammendriickbar ist, bei dem er durch ei-
ne 18F-(5,7mm) Arterieneinfihrungsvorrich-
tung eingefiihrt werden kann, um die Herzklap-
penprothesenanordnung durch die Blutgefialle
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eines Patienten mittels einer Katheterisierungs-
technik vorwarts bewegen zu kénnen, und der
Rahmen zur Implantation innerhalb der stenoti-
schen natirlichen Aortenklappe expandierbar
ist;

eine einfaltbare Klappenstruktur{14), die anden
Rahmen zwischen den cberen und den unteren
Endbereichen genaht ist, wobei die Klappen-
struktur aus Perikard ausgebildet ist, um Blut-
fluss in eine Richtung aufzuhalten; und

eine innere Abdeckung (19), die aus dem glei-
chen Gewebe gefertigtist wie die Klappenstruk-
tur, wobei die innere Abdeckung ein oberes En-
de aufweist, das mit der Klappenstruktur ver-
bunden ist, und ein unteres Ende, das mit dem
unteren Endbereich des Rahmens verbunden
ist, wobei die innere Abdekkung an eine Wan-
dung des Rahmens genaht ist und sich entlang
einer inneren Oberflache der Wandung des
Rahmens nur zwischen der Klappenstrukturund
dem unteren Endbereich des Rahmens er-
streckt, um eine Regurgitation von Blut durch
die Wandung des Rahmens unter der Klappen-
struktur zu verhindern.

Herzklappenprothesenanordnung gemalk Anspruch
1, wobei die innere Abdeckung an den unteren End-
bereich des Rahmens (10) entlang einer Zick-Zack-
Linie angenaht ist.

Herzklappenprothesenanordnung gemalt Anspruch
1, wobei der cbere Endbereich des Rahmens (10}
eine Aufweitung (12) aufweist oder aufgetrichtert ist.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der untere Endbereich des Rahmens (10}
eine Aufweitung (12) aufweist oder aufgetrichtert ist.

Herzklappenprothesenanordnung gemalt Anspruch
1, wobei die innere Abdeckung (19) und die Klap-
penstruktur (14} einstiickig ist.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen (10) auf eine GrélRe von etwa
20 bis 25 Millimeter expandierbar ist.

Herzklappenprothesenanordnung gemalt Anspruch
1, wobei die Klappenstruktur (14} eine durchgehen-
de Oberflache ausbildet und mit Fihrungselemen-
ten {17) versehen ist.

Herzklappenprothesenancrdnung gemaf Anspruch
7, wobei die Flihrungselemente (17) versteifte Be-
reiche ausbilden, die dazu flihren, dass die Klappen-
struktur (14) einem Bewegungsmuster folgt, wenn
sie sich von einem geschlossenen Zustand in einen
offenen Zustand bewegt.

Edwards Lifesciences Corporation, et al. Exhibit 1017, p. 318 of 2319



10.

1.

12.

13.

14.

15.

29 EP 2 000 115 B1 30

Herzklappenprothesenanordnung gemal Anspruch
8, wobei die Fuhrungselemente (17) ferner dazu
konfiguriert sind, eine Eversion der Klappenstruktur
(14) zu verhindern.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen ferner bis zu einem Aulien-
durchmesser von etwa 4 bis 5 Millimeter zusammen-
driickbar ist.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen ferner auf einen Auliendurch-
messer zusammendrickbar ist, bei dem er durch ei-
ne 16F-(5,1mm) Arterieneinflhrungsvorrichtung
eingefihrt werden kann.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen ferner auf einen AulRendurch-
messer zusammendriickbar ist, bei dem er durch ei-
ne 14F-(4,5mm) Arterieneinflhrungsvorrichtung
eingefihrt werden kann.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen aus sich kreuzenden Staben
gebildet ist.

Herzklappenprothesenanordnung gemal Anspruch
13, wobei die sich kreuzenden Stébe gerundete und
glatte Linearstabe sind.

Herzklappenprothesenanordnung gemal Anspruch
1, wobei der Rahmen aus einer Vielzahl von Staben
gebildetist, zwischen denen Leerraume ausgebildet
sind und wobei der Durchmesser der Stabe im Be-
reich von 0,1 bis 0,6 mm liegt, um mit Kraft in die
Reste der stenotischen Aortenklappe eingesetzt zu
werden und um einer Riickstellkraft durch einen Aor-
tenannulus zu widerstehen.

Revendications

1.

Ensemble formant valve prothétique pour I'implan-
tation dans une valve de l'aorte native sténosée,
comprenant :

un cadre métallique (10) ayant une extrémité
supérieure et une extrémité inférieure et dans
lequel au moins une portion dudit cadre posséde
un profil concave entre ladite extrémité supé-
rieure et ladite extremité inférieure, ledit cadre
étant compressible a un diamétre extérieur ca-
pable d'étre introduit & travers un dispositif d'in-
troduction artérielle de 18F (5,7 mm) pour faire
avancer I'ensemble formant valve prothétique a
travers le systéme vasculaire d’'un patient en uti-
lisant une technique par cathéter, et ledit cadre
étant expansible pour son implantation dans la-
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dite valve d'acrte native sténosée ;

une structure de valve (14) capable de s'écra-
ser, cousu sur ledit cadre entre ladite extrémité
supérieure et ladite extrémité inférieure, ladite
structure de valve étant formée de tissu péricar-
dique pour faire occlusion a I'écoulement du
sang dans une direction ; et
unrevétementinterne (19) réalisé avecle méme
tissu que la structure de valve, ledit revétement
interne ayant une extrémité supérieure couplée
a ladite structure de valve et une extrémité infé-
rieure attachée aladite extremitéinféerieure dudit
cadre, ledit revétement interne étant cousu a
une paroi dudit cadre et s’étendant lelong d'une
surface intérieure de ladite paroi dudit cadre uni-
quement entre ladite structure de valve et ladite
extrémité inférieure dudit cadre pour empécher
un reflux du sang a travers ladite paroi dudit ca-
dre au-dessous de ladite structure de valve.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit revétement interne est
cousu sur I'extrémité inférieure dudit cadre (10} le
long d'une ligne en zigzag.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ladite extrémité supérieure
dudit cadre (10) présente une ouverture vers I'exté-
rieur (12) ou est évasée.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ladite extrémité inférieure du-
dit cadre {10) présente une ouverture vers I'extérieur
(12) ou est évasée.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit revétement interne (19}
estréalisé de maniére intégrale avec ladite structure
de valve (14).

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit cadre (10) est capable
d’étre mis en expansion jusqu’a une taille d’environ
20a 25 mm.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ladite structure de valve (14}
forme une surface continue et est pourvue de
moyens de guidage (17).

Ensemble formant valve prothétique selon la reven-
dication 7, dans lequel lesdits moyens de guidage
(17} produisent des zones rigidifiées qui induisent
ladite structure de valve (14} a suivre un mouvement
obéissant a un motif lorsqu’elle se déplace depuis
un état fermé vers un état ouvert.

Ensemble formant valve prothétique selon la reven-
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dication 8, dans lequel lesdits moyens de guidage
(17) sont en outre configurés pour empécher une
éversion de ladite structure de valve (14).

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit cadre et en outre com-
pressible a undiameétre extérieur d’environ4 a 5 mm.

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit cadre est en outre com-
pressible a un diamétre extérieur capable d’étre in-
troduit a travers un dispositif d’introduction artérielle
de 18F {5,1 mm).

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit cadre est en outre com-
pressible a un diamétre extérieur capable d’étre in-
troduit a travers un dispositif d’introduction artérielle
de 14F (4,5 mm).

Ensemble formant valve prothétique selon la reven-
dication 1, dans lequel ledit cadre est formé avec
des barres qui se croisent mutuellement.

Ensemble formant valve prothétique selon lareven-
dication 13, dans lequel lesdites barrent qui se croi-
sent mutuellement sont des barres linéaires arron-
dies et lisses.

Ensemble formant valve prothétique selon lareven-
dication 1, dans lequel ledit cadre est formé avec
une pluralité de barres ayant des espaces entre el-
les, et dans lequel un diamétre desdites barres est
dans une plage de 0,1 a 4,6 mm pour étre noyées a
force dans une partie restante de la valve de l'aorte
sténosée pour résister & une force de recul d’'un an-
neau aortique.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a percutane-
ously implantable devices. More particularly, it relates to
a valve prosthesis for cardiac implantation or for implan-
tation in other body ducts.

BACKGROUND OF THE INVENTION

[0002] There are several known prosthetic valves that
have been previously described. U.S. Patent No.
5,411,552 (Andersen et al.), entitted VALVE PROSTHE-
SIS FOR IMPLANTATION IN THE BODY AND CATHE-
TER FOR IMPLANTING SUCH VALVE PROSTHESIS,
discloses a valve prosthesis comprising a stent made
from an expandable cylinder-shaped thread structure
comprising several spaced apices. The elastically col-
lapsible valve is mounted on the stent with the commis-
sural points of the valve secured to the projecting apices,
which prevents the valve from turning inside out Deploy-
ment of the valve can be achieved by using an inflatable
balloon which in its deflated state is used to carry about
it the valve structure to its position and, when inflated,
deploys the stent in position to its final size. See, also,
U.S. Patent No. 6,168,614 (Andersen et al.) entitled
VALVE PROSTHESIS FOR IMPLANTATION IN THE
BODY and U.S. Patent No. 5,840,081 (Andersen et al.),
entitted SYSTEM AND METHOD FOR IMPLANTING
CARDIAC VALVES.

[0003] InPCT/EP97/07337 (Letac, Cribier etal.), pub-
lished as WO 98/29057, entitled VALVE PROSTHESIS
FOR IMPLANTATION IN BODY CHANNELS, there is
disclosed a valve prosthesis comprising a collapsible
valve structure and an expandable frame on which the
valve structure is mounted. The valve structure is com-
posed of a valvular tissue compatible with the human
body and blood, the valvular tissue being sufficiently sup-
ple and resistant to allow the valve structure to be de-
formed from a closed state to an opened state. The val-
vular tissue forms a continuous surface and is provided
with guiding means formed or incorporated within, the
guiding means creating stiffened zones which induce the
valve structure to follow a patterned movement in its ex-
pansion to its opened state and in its turning back to its
closed state. The valve structure can be extended to an
internal cover which is fastened to the lower part of the
valve structure to prevent regurgitation.

[0004] There are several known methods currently
used for replacing aortic valves and several types of ar-
tificial prosthetic devices. Mechanical valves are com-
monly used in several different designs (single and dou-
ble flap) manufactured by well-known companies such
as St. Jude, Medtronic, Sulzer, and others. Some of the
main disadvantages of these devices are: a need for per-
manent treatment of anticoagulants, noisy operation, and
a need for a large-scale operation to implant.
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[0005] There is a wide range of biologically based
valves made of natural valves or composed of biological
materials such as pericardial tissue. These too are made
and marketed by well-known companies such as Ed-
wards Lifesciences, Medtronic, Sulzer, Sorin, and others.
[0006] Polymer valves are new and are not yet in use,
but several companies are in the process of developing
such products. A new type of prosthesis is being consid-
ered, based on artificial polymer materials such as poly-
urethane..

[0007] The presentinvention introduces several novel
structural designs for implantable valves. An aspect of
the present invention deals with the possibility of implant-
ing the valve percutaneously, i.e., inserting the valve as-
sembly on a delivery device similar to a catheter, then
implanting the valve at the desired location via a large
blood vessel such as the femoral artery, in a procedure
similar to other known interventional cardiovascular pro-
cedures. The percutaneous deployment procedure and
device has an impact on the product design in several
parameters, some of which are explained hereinafter.
[0008] The percutaneous implantation of medical de-
vices and particularly prosthetic valves is a preferred sur-
gical procedure for it involves making a very small per-
foration in the patient’s skin (usually in the groin or armpit
area) under local anesthetic and sedation, as opposed
to a large chest surgery incision, which requires general
anesthesia, opening a large portion of the chest, and car-
diopulmonary bypass. This percutaneous procedure is
therefore considered safer.

[0009] Further, the French patentapplication FR 2 815
844 A1 discloses a valve assembly containing an col-
lapsible and expandable support structure which com-
prises a proximal stent portion and a distal stent portion.
[0010] The present invention provides a series of new
concepts in the field of aortic valves.

SUMMARY OF THE INVENTION

[0011] A valve prosthesis device suitable for implan-
tation in body ducts which is not part of the present in-
vention, the device comprising:

a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantially radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a plurality of longitudinally rigid support
beams of fixed length; and

a valve assembly comprising a flexible conduit hav-
ing an inlet end and an outlet, made of pliant material
attached to the support beams providing collapsible
slack portions of the conduit at the outlet,

Edwards Lifesciences Corporation, et al. Exhibit 1017, p. 341 of 2319



3 EP 2 055 266 B1 4

whereby when flow is allowed to pass through the
valve prosthesis device from the inlet to the outlet
the valve assembly is kept in an open position,
whereas a reverse flow is prevented as the collaps-
ible slack portions of the valve assembly collapse
inwardly providing blockage to the reverse flow.

[0012] Furthermore, the support stent preferably com-
prises an annular frame.

[0013] Furthermore, said valve assembly preferably
has a tricuspid configuration.

[0014] Furthermore, said valve assembly is preferably
made from biocompatible material.

[0015] Furthermore, the valve assembly is preferably
made from pericardial tissue, or other biological tissue.
[0016] Furthermore, said valve assembly is preferably
made from biocompatible polymers.

[0017] Furthermore, the valve assembly is preferably
made from materials selected from the group consisting
of polyurethane and polyethylene terephthalate (PET).
[0018] Furthermore, said valve assembly preferably
comprises a main body made from PET (polyethylene
terephtalate) and leaflets made from polyurethane.
[0019] Furthermore, said support stent is preferably
made from nickel titanium.

[0020] Furthermore, the support beams are preferably
substantially equidistant and substantially parallel so as
to provide anchorage for the valve assembly.

[0021] Furthermore, the support beams are preferably
provided with bores so as to allow stitching or tying of
the valve assembly to the beams.

[0022] Furthermore, the support beams are preferably
chemically adhered to the support stent.

[0023] Furthermore, said valve assembly is preferably
riveted to the support beams.

[0024] Furthermore, said valve assembly is preferably
stitched to the support beams.

[0025] Furthermore, said beams are preferably man-
ufactured by injection using a mold, or by machining.
[0026] Furthermore, said valve assembly is preferably
rolled over the support stent at the inlet.

[0027] Furthermore, said valve device is preferably
manufactured using forging or dipping techniques.
[0028] Furthermore, said valve assembly leaflets are
preferably longer than needed to exactly close the outlet,
thus when they are in the collapsed state substantial por-
tions of the leaflets fall on each other creating better seal-
ing.

[0029] Furthermore, said valve assembly is preferably
made from coils of a polymer, coated by a coating layer
of same polymer.

[0030] Furthermore, said polymer is preferably poly-
urethane.
[0031] Furthermore, the support stent is preferably

provided with heavy metal markers so as to enable track-
ing and determining the valve device position and orien-
tation.

[0032] Furthermore, the heavy metal markers are pref-
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erably selected from gold, platinum, iridium, or tantalum.
[0033] Furthermore, the valve assembly leaflets are
preferably provided with radio-opaque material atthe out-
let, so as to help tracking the valve device operation in
vivo.

[0034] Furthermore, said radio-opaque material pref-
erably comprises gold thread.

[0035] Furthermore, the diameter of said supportstent,
when fully deployed is preferably in the range of from
about 19 to about 25 mm.

[0036] Furthermore, the diameter of said support stent
may be expanded from about 4 to about 25 mm.

[0037] Furthermore, the support beams are preferably
provide with bores and wherein the valve assembly is
preferably attached to the support beams by means of
U-shaped rigid members that are fastened to the valve
assembly and that are provided with extruding portions
that fit into matching bores on the support beams.
[0038] Furthermore, the support beams preferably
comprise rigid support beams in the form of frame con-
struction, and the valve assembly pliant material is pref-
erably inserted through a gap in the frame and a fastening
rod is preferably inserted through a pocket formed be-
tween the pliant material and the frame and holds the
valve in position.

[0039] Furthermore, the mainbody ofthe valve assem-
bly is preferably made from coiled wire coated with coat-
ing material.

[0040] Furthermore, the coiled wire and the coating
material is preferably made from polyurethane.

[0041] Furthermore, a strengthening wire is preferably
interlaced in the valve assembly at the outlet of the con-
duit so as to define a fault line about which the collapsible
slack portion of the valve assembly may flap.

[0042] Furthermore, the strengthening wire is prefer-
ably made from nickel titanium alloy.

[0043] Furthermore, there is provided another valve
prosthesis device suitable for implantation in body ducts
which is not part of the presentinvention, the device com-
prising a main conduit body having an inlet and an outlet
and pliant leaflets attached at the outlet so that when a
flow passes through the conduit from the inletto the outlet
the leaflets are in an open position allowing the flow to
exit the outlet, and when the flow is reversed the leaflets
collapse so as to block the outlet, wherein the main body
is made from PET and collapsible leaflets are made form
polyurethane.

[0044] Furthermore, support beams made from poly-
urethane are preferably provided on the main body and
wherein the leaflets are preferably attached to the main
body at the support beams.

[0045] Furthermore, said support beams are prefera-
bly chemically adhered to the main body.

[0046] Furthermore, there is provided another valve
prosthesis device suitable for implantation in body ducts
which is not part of the present invention, the device com-
prising:
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a support stent, comprised of a deployable construc-
tion adapted to be initially crimped in a narrow con-
figuration suitable for catheterization through the
body duct to a target location and adapted to be de-
ployed by exerting substantially radial forces from
within by means of a deployment device to a de-
ployed state in the target location, the support stent
provided with a plurality of longitudinally rigid support
beams of fixed length;

a valve assembly comprising a flexible conduit hav-
ing aninlet end and an outlet, made of pliant material
attached to the support beams providing collapsible
slack portions of the conduit at the outlet; and

substantially equidistant rigid support beams inter-
laced or attached to the slack portion of the valve
assembly material, arranged longitudinally.

[0047] Furthermore, there is provided a crimping de-
vice for crimping a valve device described above which
is not part of the present invention, the crimping device
comprising a plurality of adjustable plates that resemble
a typical SLR (Single Lens Reflex) camera variable re-
strictor, each provided with a blade, that are equally dis-
persed in a radial symmetry but each plate moves along
aline passing off an opening in the center, all plates equi-
distant from that center opening.

[0048] Furthermore, the multiple plates are preferably
adapted to move simultaneously by means of a lever and
transmission.

[0049] Furthermore, there is provided a method for de-
ploying an implantable prosthetic valve device from the
retrograde approach (approaching the aortic valve from
the descending aorta) or from the antegrade approach
(approaching the aortic valve from the left ventricle after
performing a trans-septal puncture) at the natural aortic
valve position at the entrance to the left ventricle of a
myocardium of a patient which is not part of the present
invention, the method comprising the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the second
inflatable portion of the balloon catheter;

(d) for the retrograde approach, guiding the balloon
catheter through the patient’s aorta using the guiding
tool, the valve device mounted over the second in-
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flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle, whereas the second inflatable
portion of the balloon catheter is positioned at the
natural aortic valve position;

(e) for the antegrade approach, guiding the balloon
catheter through the patient’s greater veins, right atri-
um, left atrium, and left ventricle using the guiding
tool, the valve device mounted over the second in-
flatable portion of the balloon catheter until the first
inflatable portion of the balloon catheter is inserted
into the left ventricle,

whereas the second inflatable portion of the balloon
catheter is positioned at the natural aortic valve po-
sition;

(f) inflating the first inflatable portion of the balloon
catheter so as to substantially block blood flow
through the natural aortic valve and anchor the distal
end of the balloon catheter in position;

(9) inflating the second inflatable portion of the bal-
loon catheter so as to deploy the implantable pros-
thetic valve device in position at the natural aortic
valve position;

(h) deflating the first and second inflatable portions
of the balloon catheter; and

(i) retracting the balloon catheter and removing it
from the patient’s body.

[0050] Furthermore, in accordance with another pre-
ferred embodiment of the present invention, the guiding
tool comprises a guide wire.

[0051] Furthermore, there is provided another method
for deploying an implantable prosthetic valve device at
the natural aortic valve position at the entrance to the left
ventricle of a myocardium of a patient which is not part
ofthe presentinvention, the method comprising the steps
of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the first in-
flatable portion of the balloon catheter, and a deploy-
able annular stent device adapted to be mounted
over the second inflatable portion of the balloon cath-
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eter, the deployable implantable valve prosthesis de-
vice and the deployable annular stent kept at a pre-
determined distant apart;

(d) guiding the balloon catheter through the patient’s
aorta using the guiding tool, the valve device mount-
ed over the first inflatable portion of the balloon cath-
eter and the deployable annular stent mounted over
the second inflatable portion of the balloon catheter,
until the first inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;

(e) inflating the second inflatable portion of the bal-
loon catheter so that the deployable stent device is
deployed within the aorta thus anchoring the deploy-
able annular stent and the coupled valve device in
position;

(f) inflating the first inflatable portion of the balloon
catheter so as to deploy the implantable prosthetic
valve device in position at the natural aortic valve
position;

(g) deflating the first and second inflatable portions
of the balloon catheter, and

(h) retracting the balloon catheter and removing it
from the patient’s body.

[0052] Furthermore, avalve prosthesis device suitable
for implantation in body ducts which is not part of the
present invention comprises:

anexpandable supportframe, the supportframe pro-
vided with a plurality of longitudinally rigid support
beams of fixed length; and

a valve assembly comprising a flexible conduit hav-
ing aninletend and an outlet, made of pliant material
attached to the support beams providing collapsible
slack portions of the conduit at the outlet,

whereby when flow is allowed to pass through the
valve prosthesis device from the inlet to the outlet
the valve assembly is kept in an open position,
whereas a reverse flow is prevented as the collaps-
ible slack portions of the valve assembly collapse
inwardly providing blockage to the reverse flow.

[0053] Furthermore, the support frame preferably
comprises a deployable construction adapted to be ini-
tially crimped in a narrow configuration suitable for cath-
eterization through the body duct to a target location and
adapted to be deployed by exerting substantially radial
forces from within by means of a deployment device to
a deployed state in the target location.

[0054] Furthermore, the support beams preferably
have a U-shaped cross section.
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[0055] Furthermore, a holder is preferably used to se-
cure the plaint material to the support beams

[0056] Furthermore, the support frame preferably
comprises three segments that form a circular assembly
when assembled.

[0057] Furthermore, the support beams preferably
point inwardly with respect to a central longitudinal axis
of the device.

[0058] Furthermore, the device is preferably further
provided with a restricting tapered housing, for housing
it in a crimped state.

[0059] Furthermore, hooks are preferably provided to
secure the device in position after it is deployed.

[0060] Furthermore, the support beams preferably
comprise longitudinal bars having a narrow slit used as
the commissural attachment so that extensions the pliant
material are tightly inserted through it.

[0061] Furthermore, extensions of the pliant material
are preferably wrapped about rigid bars serving as an-
chorage means.

[0062] Furthermore, extensions of the pliant material
are preferably sutured to each other at the rigid bars.
[0063] Furthermore, a bottom portion of the pliant ma-
terial is preferably attached to the inlet.

[0064] Furthermore, the support beams are preferably
each provided with a rounded pole, forming a loop
through which the pliant material is inserted.

[0065] Furthermore, the pliant material is preferably
provided with longitudinal bars attached to the pliant ma-
terial at positions assigned for attachment to the support
frame, in order to prevent localized stress from forming.
[0066] Furthermore, the device is preferably further
provided with longitudinal bars having protrusions that
are inserted in bores in the pliant material, a sheet of PET
and through bores provided on the support beams.
[0067] Furthermore, pliant material is preferably su-
tured leaving the slack portions free of sutures.

[0068] Furthermore, a connecting member with a split
portion is preferably used to connect leaflets of the pliant
material to the support beams, the split connecting mem-
ber compressing the pliant material in position.

[0069] Furthermore, a portion of the connecting mem-
ber is preferably perpendicular to the split portion.
[0070] Furthermore, the support frame is preferably
provided with metallic members coupled to the stent and
rigid members are preferably positioned on two opposite
sides of the metallic member and held against each other
holding portion of the pliant material between them, su-
tured, the metallic members wrapped with PET.

[0071] Furthermore, the device is preferably further
provided with spring in order to reduce wear of the pliant
material.

[0072] Furthermore, the spring is preferably provided
with a spiral.
[0073] Furthermore, the spring is preferably made

from stainless steel.
[0074] Furthermore, the spring is preferably attached
to slots provided on the support frames.
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[0075] Furthermore, the pliant material is preferably
sutured to the support frame forming pockets.

[0076] Furthermore, attachment bars are preferably
provided on the stent support at a portion of the stent
close to the outlet, onto which the pliant material is cou-
pled, and wherein the pliant material is preferably at-
tached circumferentially to the inlet, leaving slack pliant
material.

[0077] Furthermore, the outlet is preferably tapered
with respect to the inlet.

[0078] Furthermore, the support frame at the outlet is
preferably wider in diameter than the pliant material form-
ing the outlet

[0079] Furthermore, the pliant materialis preferably re-
inforced using PET.

[0080] Furthermore, the support frame is preferably a
tube having an inner wall, having sinusoidal fold lines,
wherein the pliant material is preferably sutured having
an inner wall, along suture fold lines,

[0081] Furthermore, additional piece of PET is prefer-
ably added below the suture lines.

[0082] Furthermore, the device is preferably incorpo-
rated with an angioplasty balloon.

[0083] Further, the ballon preferably has a central lon-
gitudinal axis that runs along a flow path through the de-
vice, and a perimeter, the balloon preferably comprising
four inflatable portions, one portion located along a cen-
tral axis and the other three located on the perimeter, the
pliant material in the form of leaflets is preferably distrib-
uted about the perimeter.

[0084] Furthermore, a percutaneously implantable
prosthetic device for replacing a deficient native aortic
valve according to the present invention, comprises:

- a collapsible and expandable support stent formed
of a shape memory alloy, the support stent adapted
to be initially crimped into a narrow configuration suit-
able for catheterization through a body duct to a tar-
get location,

-- the support stent comprising, a proximal stent
portion configured to expand to a first diameter
and

-- a distal stent portion configured to expand to
a second diameter, the first diameter being
smaller than the second diameter for preventing
deformation of the mitral valve by over expan-
sion and for providing a difference between the
supportstentand aorticroot so thatthe openings
of the coronary arteries will not be blocked; and

- acollapsible and expandable valve assembly having
leaflets formed of pericardial tissue,

whereby the valve assembly is attached to the support
stent and has an open position suitable to allow blood to
pass from an inlet to an outlet of the valve assembly arid
has a closed position suitable to provide blockage to a
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reverse flow;

wherein the first diameter of the support stent is sized for
direct engagement with the leaflets of the native aortic
valve and the second diameter of the support stent is
sized for direct engagement with the inner wall of the
ascending aorta, and

wherein the stent is sized to avoid a contact with the inner
wall of a left ventricle when implanted.

[0085] Preferably, the valve assembly is provided in
the proximal stent portion.

[0086] Preferably, the shape memory alloy is nickel
titanium.
[0087] Preferably, the support stent is collapsible to a

delivery diameter sized for advancement through a fem-
oral artery, wherein the delivery diameter is preferably
less than 8 mm.

[0088] Preferably, the first diameter of the support
stent is in the range of about 19 mm to 25 mm.

[0089] Preferably, the valve assembly is sewed to the
support stent.
[0090] Preferably, the valve assembly has a tricuspid

valve configuration.

[0091] Preferably, the support stent has an annular
shape.
[0092] Preferably, the valve assembly is contained

within the proximal stent portion.

[0093] Preferably, the second diameter of the distal
stent portion is sized for decreasing the risk of device
migration.

BRIEF DESCRIPTION OF THE FIGURES

[0094] To better understand the present invention and
appreciate its practical applications, the following Figures
are provided and referenced hereafter. It should be noted
that the Figures are given as examples only and in no
way limit the scope of the invention as defined in the
appended claims.

Figure 1 illustrates an implantable prosthetic tricus-
pid valve suitable for percutaneous deployment us-
ing a stent or similar deploying means, in its de-
ployed-inflated position;

Figure 2 depicts an implantable valve mounted over
a deploying stent with an inflatable balloon;

Figure 3 illustrates an implantable valve mounted
over a stent with an inflatable balloon, in a crimped
position;

Figure 4 depicts implantable valve deployment in a
natural aortic valve position;

Figure 5 demonstrates manufacturing a poly-
urethane implantable valve using a dipping tech-
nique;
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Figures 6a to 6e illustrate manufacturing of an im-
plantable valve by forging;

Figures 7a and 7b demonstrate composite valve,
which has polyurethane (PU) leaflets and PET tubu-
lar-crown shaped construction;

Figures 8a and 8b depict a manufacture process of
a composite valve made of flexible PU leaflets, rigid
PU construction for mounting and a PET tubularend;

Figures 9 to 9i demonstrate different methods of at-
tachment between the valve and stent;

Figure 10 illustrates a dipping mandrel with an extra
portion, which improves the sealing ability of the
valve;

Figures 11a to 11c illustrate a valve mounted on a
stent with an extra support, which improves the force
distribution on the valve material and facilitates pro-
longed durability of the valve;

Figures 12a to 12c depict a valve with rigid supports
located substantially in the center of its leaflets. This
design allows the valve leaflets to perform without
outer support;

Figures 13a to 13c illustrate the manufacturing of a
reinforced PU tube composed of strong fiber from
PU, PET or other and a softer PU coating, for serving
as the supporting structure;

Figures 14a to 14c demonstrate incorporation of
heavy metal markers on the stent. These markers
allow orientation control while positioning the device
at the required location;

Figures 15a to 15¢c demonstrate a valve with radio-
opaque coating, which allows imaging of the valve
motion under angiogram;

Figures 16a to 16¢ illustrate a procedure, which
helps in accurate positioning the valve device with
respect to the longitudinal orientation;

Figures 17aand 17b describe a valve device accord-
ing to the present invention, comprising one valve
assembly mounted on a stent and an additional por-
tion with a stent only. This allows placing the device
in a way that coronaries are not blocked, longitudinal
positioning thus becomes less sensitive and the ex-
tra stent decreases the risk of device migration within
the vasculature;

Figures 18aand 18b demonstrate a crimping device,
which can crimp avalve device inthe operating theat-
er as part of the implantation procedure;
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Figures 19ato 19c depict a crimping machine, similar
to the one described in figure 18 with a different me-
chanical method;

Figures 20a and 20b demonstrate a valve, made of
a tube mounted on a stent. During systole the tube
is fully open and during diastole the tube collapses
according to the mounting geometry providing tight
sealing;

Figure 21 depicts a stent structure, with built-in
mounting portions of constant length, which allow
valve mounting;

Figure 22 depicts another valve assembly having di-
lated supports;

Figures 23a to 23e depict stages in a method of man-
ufacturing an implantable prosthetic valve;

Figures 24a to 24c illustrate a support frame of an
implantable prosthetic valve having means for
mounting valve leaflets that can form a tricuspid
valve. Figure 24a depicts an isometric view of the
frame, and Figure 24b depicts a cross-sectional view
of the means for mounting a valve leaflet in details,
provided with a valve leaflet Figure 24c depicts fur-
ther details of attachment means for the attachment
method;

Figures 25a to 25d illustrate an implantable prosthet-
ic valve. Figures 25a and 25b depict an isometric
view and an upper view of the valve assembly, re-
spectively, and Figures 25c and 25d illustrate upper
views of two optional constructions for the means for
mounting leaflets;

Figures 26a to 26¢ illustrate a tricuspid valve provid-
ed with a self-expandable frame. Figure 26a is the
valve in its fully expanded diameter, Figure 26b is a
tapered tool which assists in inserting the valve into
an introducing tube, and Figure 26c shows the valve
assembly inside a restriction tube, ready to be in-
serted into a introducing sheath;

Figure 27 illustrates an isometric view of an implant-
able prosthetic valve having hooks designated to an-
chor the valve assembly to body ducts;

Figure 28 illustrates a partial view of an implantable
prosthetic valve. The commissural attachment is
showed in details;

Figures 29a and 29b illustrate an isometric view and
an upper cross-sectional view, respectively, of an

attachment assembly of a valve’s frame to leaflets;

Figures 30a to 30c illustrates an isometric view, a
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cross-sectional view and a flattened view, respec-
tively, of an attachment assembly of a valves frame
to leaflets. Figure 30c is a side view showing two
pieces of pericardium before the attachment to the
frame;

Figures 31a and 31b illustrate an exploded view and
an isometric view, respectively, of a commissural at-
tachment depicting the attachment technique;

Figures 32a and 32b illustrate an isometric view of
an attachment between leaflets and the frame;

Figures 33a to 33d illustrate different views and por-
tions of an attachment between a pericardium and
a frame, demonstrating another method of attach-
ment;

Figures 34a to 34c illustrate an isometric view of an
attachment between a pericardium and a valve dem-
onstrating another method of attachment. In Figures
34b and 34c, a deployed portion and the folded por-
tion, respectively, are shown;

Figures 35a to 35d illustrate an isometric and cross-
sectional upper views, respectively, of attachment
techniques between a pericardium leaflet and a
valve’s frame;

Figures 36a and 36b illustrate an isometric view of
a commissural assembly demonstrating a method
of forming one;

Figures 37a to 37cillustrates a commissural assem-
bly, where the connecting bar functions as a flexible
support and has integral attachment means to the
frame. Figure 37b is an isometric view of the con-
necting bar;

Figures 38a to 38g illustrate isometric views of flex-
ible commissural supports and the method of attach-
ing them to a pericardium and a frame and valve;

Figures 39a to 39b illustrate an isometric view of a
commissural attachment, demonstrating the attach-
ment of the pericardium to the support by means of
a shaped compressing member;

Figures 40a to 40c illustrate an isometric view of a
bicuspid valve mounted on a frame. Figures 40b and
40c depicts a cross-sectional side view and an iso-
metric view, respectively, of the pericardium that is
sutured to a PET tube in the form of pockets;

Figures 41a to 41d illustrate isometric views of an
implantable prosthesis tricuspid valve;

Figures 42a and 42b illustrate an isometric view of
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an implantable prosthetic valve having a different
commissural attachment Figure 42b depicts the at-
tachment in details;

Figures 43a and 43b illustrate an isometric view of
an implantable prosthetic valve. Figure 43a depicts
the commissure that are pre-sutured in a tapered
shape;

Figures 44a to 44c illustrate an isometric view of an
implantable prosthetic valve with additional pieces
of PET used for sealing and protecting the pericar-
dium;

Figures 45a to 45d illustrate an isometric view of an
implantable prosthetic valve having leaflets sutured
to a pre-shaped PET tube and optional leaflet-tube
attachments in details;

Figures 46a and 46b illustrate an exploded view and
an upper cross-sectional view of an implantable
prosthetic valve assembly;

Figures 47ato 47cillustrate a partial cross-sectional
side view of an inflating balloon. The balloon is a part
of an implantable prosthetic valve delivery system.
Figures 47b and 47c are cross sectional upper views
in the inflated and deflated positions, respectively;
and

Figures 48a and 48b illustrate a partial cross-sec-
tional side view and an upper cross-sectional view
of an inflating balloon.

DETAILED DESCRIPTION OF THE INVENTION

[0095] A main aspect of the present invention is the
introduction of several novel designs for an implantable
prosthetic valve.

[0096] Basically the implantable prosthetic valve of the
present invention comprises a leafed-valve assembily,
preferably tricuspid but not limited to tricuspid valves on-
ly, consisting of a conduit having an inlet end and an
outlet, made of pliant material arranged so as to present
collapsible walls at the outlet. The valve assembly is
mounted on as support structure such as a stent adapted
to be positioned at a target location within the body duct
and deploy the valve assembly by the use of deploying
means, such as a balloon catheter or similar devices. In
embodiments suitable for safe and convenient percuta-
neous positioning and deployment the annular frame is
able to be posed in two positions, a crimped position
where the conduit passage cross-section presented is
small so as to permit advancing the device towards its
target location, and a deployed position where the frame
is radial extended by forces exerted from within (by de-
ploying means) so as to provide support against the body
duct wall, secure the valve in position and open itself so
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as to allow flow through the conduit.

[0097] The valve assembly can be made from biolog-
ical matter, such as a natural tissue, pericardial tissue or
other biological tissue. Alternatively, the valve assembly
may be made form biocompatible polymers or similar ma-
terials. Homograph biological valves need occasional re-
placement (usually within 5 to 14 years), and this is a
consideration the surgeon must take into account when
selecting the proper valve implant according to the pa-
tient type. Mechanical valves, which have better durabil-
ity qualities, carry the associated risk of long-term anti-
coagulation treatment.

[0098] The frame can be made from shape memory
alloys such as nickel titanium (nickel titanium shape
memory alloys, or NiTi, as marketed, for example, under
the brand name Nitinol), or other biocompatible metals.
The percutaneously implantable embodiment of the im-
plantable valve of the present invention has to be suitable
for crimping into a narrow configuration for positioning
and expandable to a wider, deployed configuration so as
to anchor in position in the desired target location.
[0099] The supportstentis preferably annular, but may
be provided in other shapes too, depending on the cross-
section shape of the desired target location passage.
[0100] Manufacturing of the implantable prosthetic
valve can be done in various methods, by using pericar-
dium or, for example, by using artificial materials made
by dipping, injection, electrospinning, rotation, ironing, or
pressing.

[0101] The attachment of the valve assembly to the
support stent can be accomplished in several ways, such
as by sewing it to several anchoring points on the support
frame or stent, or riveting it, pinning it, adhering it, or
welding it, to provide a valve assembly that is cast or
molded over the support frame or stent, or use any other
suitable way of attachment.

[0102] To preventleakage from the inlet it is optionally
possible to roll up some slack wall of the inlet over the
edge of the frame so as to present rolled-up sleeve-like
portion at the inlet.

[0103] Furthermore, floating supports may be added
to enhance the stability of the device and prevent it from
turning inside out.

[0104] An important aspect of certain examples is the
provision of rigid support beams incorporated with the
support stent that retains its longitudinal dimension while
the entire support stent may be longitudinally or laterally
extended.

[0105] Different designs and different types of devices
are discussed and explained below with reference to the
accompanying drawings. Note that the drawings are only
given for the purpose of understanding the present in-
vention and presenting some preferred embodiments of
the present invention, but this does in no way limit the
scope of the presentinvention as defined inthe appended
claims.

[0106] Reference is now made to Figure 1, whichillus-
trates a general tricuspid implantable prosthetic valve 20
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suitable for percutaneous deployment using an expand-
able stent or similar deploying means, shown in its de-
ployed position. A valve assembly 28 comprises a con-
duit having an inlet 24 and an outlet 26, the outlet walls
consisting of collapsible pliant material 29 that is ar-
ranged to collapse in a tricuspid arrangement. The valve
assembly 28 is attached to an annular support stent 22,
the one in this figure being at net-like frame designed to
be adapted to crimp evenly so as to present a narrow
configuration and be radially deployable so as to extend
to occupy the passage at the target location for implan-
tation in a body duct. Support beams 23 are provided on
annular support stent. 22 to provide anchorage to valve
assembly 28. Support beams 23 are optionally provided
with bores 25 to allow stitching of valve assembly 28 to
support beams 23 by thread, wires, or other attachment
means.

[0107] Inthe example shown in Figure 1, a cuff portion
21 of the valve assembly 28 is wrapped around support
stent 22 at inlet 24 to enhance the stability. Preferably
cuff portion 21 of valve material 28 is attached to support
beams 23.

[0108] Note that the entire valve structure is adapted
to be radially crimped and radially expanded, and this
lends to provide ease of navigation through narrow pas-
sages in the vasculature during positioning of the device
and adequate deployment on the final location. This is
made possible by the provision of a collapsible support
stent structure. However, the support beams remain at
all times constant at their length and thus are suitable for
serving as the pliable valve assembly’s anchorage. The
valve assembly is attached to the support stent at the
support beams, and due to their constant length there is
no need for slack material as the attachment points (25)
remain at constant distances regardless of the position
of the valve device (crimped or deployed). This is an im-
portant feature for this means that the manufacturer of
the valve device can make sure the valve assembly is
secured and fastened to the support stent at all times. In
prior art implantable valve devices the entire support
structure changes its dimensions from its initial first
crimped position and final deployed position, and this
means that in the attachment of the valve assembly to
the support structure one must take into consideration
these dimension changes arid leave slack material so
that upon deployment of the device the valve assembly
does not tear or deform. In the valve device there is no
relative movement between the valve assembly and the
support beams (along the longitudinal central axis of the
device). As a result, the valve device acquires greater
durability and is capable of withstanding the harsh con-
ditions prevailing within the vasculature and especially
the millions of cycles of stress applied by the blood pres-
sure.

[0109] The fixed attachment of the valve assembly to
the support stent in the valve device results in greater
stability, enhanced safety, better sealing and conse-
quently longer lifespan. The design of the valve device
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leads to longitudinal strength and rigidity whereas its col-
lapsible support structure results in radial flexibility.
[0110] Figure 2depicts animplantable valve 30 mount-
ed on a deployable stent 32. The valve assembly 34 is
attached to the deployable support stent 32 (dotted lines)
along three substantially equidistant and substantially
parallel support beams 40 of constant length, which are
part of stent 32. The attachment of valve assembly 34 to
stent 32 is facilitated by the support beams 40 to which
valve assembly 34 is stitched with thread or fiber 46
(through bores 42 of support beams 40). Outlet leafs 38,
which are a slack portion of the valve assembly, dangle
inwardly, and the whole device is carried by an inflatable
balloon 48, which serves as the deploying device. A por-
tion of the valve assembly 34 at an inlet zone 45 is op-
tionally rolled over support stent 32 at the inlet, making
up a rolled sleeve, which enhances the sealing of the
device at the valve inlet.

[0111] Figure 3 demonstrates an implantable valve
mounted to a stent 50 with an inflatable balloon 52, in a
crimped position. The support stent 50 is initially crimped
about the balloon 52 so that is presents a narrow cross-
section and is thus suitable for percutaneous catheteri-
zation and deployment.

[0112] Figure 4 depicts an implantable valve deploy-
ment in a natural aortic valve position. The implantable
valve is advanced while mounted over the balloon 52
until it reaches the desired target location 54 in a body
duct, for example, aorta 56. The balloon is inflated and
the support stent 50 expands radially to take up its posi-
tion.

[0113] Figure 5 demonstrates the manufacture of a
polyurethane valve in a dipping technique. A dipping
mandrel 60 is provided with a tubular portion 62 with sur-
faces 64 that correspond to the collapsible valve leaflets
to be manufactured. Mandrel 60 is dipped into a dissolved
polyurethane bath 66 and is coated with a polyurethane
coating in the desired form of the valve. Then, after the
polyurethane coating has hardened sufficiently, the com-
pleted valve is removed from mandrel 60.

[0114] Figures 6ato 6eillustrate manufacturing an im-
plantable valve by forging. A suitable tubularly shaped
material 74 is placed tightly on a tubular portion 68 of
mandrel 67, covering the cusp portion 69. Flexible inserts
76 are pressed to mandrel 67, forging the tubular material
to mandrel shape 80. A tapered ring 70 holds the flexible
inserts in place as the whole mold is placed in a hot oven
regulated to a desired temperature, which is lower than
the material’s melting point Figure 6e illustrates a sec-
tional side view of the mandrel and a cross cut portion of
the mold. The mold is made to press inwardly on the
mandrel, which is covered with the valve material. As a
result the material takes up the desired shape. The ma-
terials used can vary, for example, polyurethane (PU),
polyethylene terphthalate (PET), or any other suitable
material, which may be formed by heating.

[0115] Figures 7a and 7b demonstrate a method of
manufacturing a composite valve, which has PU leaflets
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and PET tubular construction with a crown shape. PU is
an excellent fatigue resistant material but is sensitive to
tear. The PU is reinforced by the PET crown to allow safe
attachment to a stent by means of stitching, riveting, or
any other suitable attachment method. A PET crown 86
is placed on a mandrel 87, which is then (turned and)
dipped in a container of dissolved PU. The manufactured
device is a valve assembly having leaflets 88 composed
of pure PU, and thus fatigue resistant, and a main body
made of PET with protruding attachment portions 90 suit-
able for attachment built in the PU.

[0116] Figures 8a and 8b demonstrate a method of
manufacturing a composite valve, which is based on flex-
ible PU 92 for as the main body of the valve, rigid PU
support beams 94 serving for the attachment area, and
PET sleeve 96 portions for the valve inlet. The need for
a rigid portion for attachment (support beams 94) is ex-
plained by the tendency of the flexible, fatigue resistant
material to tear as already explained. The advantage of
the stiff PU support beams is that they are chemically
adhered to the main body, and this improves the overall
durability of the valve due to reduction of inner forces and
friction in the attachment area specially attachment be-
tween two different materials. The valve is dipped in the
method mentioned with reference to Figure 5, and the
rigid PU support beam 94 is created by way of mold in-
jection, machining or any other suitable way. The rigid
PU support beam 94 is placed on the valve and then
dipped into the container of dissolved PU. This is done
while the valve is positioned on the mandrel (not shown).
This method provides the ability to composite several
materials into one body and, by that, gain the advantage
of the various properties of the materials as they are
needed in different areas of the prosthesis.

[0117] Figures 9 to 9i demonstrate different methods
of attachment between a valve assembly and the support
stents. A valve assembly 99 shown in Fig. 9 is incorpo-
rated into valve 100 shown in Fig. 9a, where a support
stent 102 is attached to valve assembly 99 through sup-
port beam 106. A detail is shown in Fig. 9b, where, in
cross-section, it can be seen that layer 108 is an optional
inner support made of stainless steel or rigid polymeric
material, valve assembly 99 comprises a PET layer 105
coated with a PU layer 104, with the outer support beam
106. Connector 107 is a connecting wire made of a strong
material, such as stainless steel. Figure 9c illustrates an
alternative arrangement for attachment by a rivet 109,
and in Figure 9d the attachment is achieved by a suture
110.

[0118] Figures 9e to 9g show an attachment method
comprising shaped rigid members 116, preferably made
from metal, which tightly hold the PU valve material 118
by fitting in between a PU U-shaped nest 120 and are
attached to a stent 122 by extruding portions 124 that
are provided on U-shaped rigid member 116, which fit
the bores 126 of the support beam 128 of the stent 122.
Figures 9h and 9i show another attachment method,
where rigid support beams in the form of frame construc-
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tion 132 are provided, and the valve assembly pliant ma-
terial 135 made of a tubular material is inserted through
a gap 137 in the frame. After insertion, a fastening rod
133 is inserted through the pocket formed between the
pliant material and the frame and holds the valve in po-
sition.

[0119] Figure 10 llustrates a dipping mandrel 139 with
an extending portion 141, which improves the sealing
ability of the valve. Since the valve is attached to a col-
lapsible stent and is itself collapsible, it is difficult to de-
termine the exact shape of the valve after crimping and
deploying. It is of major importance that sealing will be
achieved. By adding the extension 141 the leaflets are
made longer than needed to exactly close the outlet, and
therefore when they are in the collapsed state, substan-
tial portions of the leaflets fall on each other creating bet-
ter sealing.

[0120] Figures 11a to 11c illustrate a valve assembly
mounted on a support stent 144 with interlaced strength-
ening wire 146, which improves the force distribution on
the valve material and facilitates prolonged durability of
the valve. The support is in the form of a wire, which has
a crown shape as the shape of the three cusp valve base
148, it also has the ability to be crimped 150 to a small
diameter, together with the stent, valve and balloon, as
shown in Fig. 11b: The forces applied to the valve edge
148 while working, are applied to the attachment points,
by making the attachment line longer we reduce the force
on each attachment point. In this support method the
valve is attached by suturing 152 the entire line to the
extrasupportwire 146. This wire can be made of stainless
steel, nickel titanium alloy such as nitinol, or polymeric
material. The support suture renders the valve assembly
default fault lines where the valve material more readily
flexes, thus ensuring proper operation of the valve flaps
(leaflets). Optionally the valve assembly shown in Fig-
ures 11a to 11c can be mounted on a support stent such
as the one described herein or similar supporting struc-
tures. The strengthening wire is interlaced in the valve
assembly at the outlet of the conduit so as to define a
fault line about which the collapsible slack portion 154 of
the valve assembly may flap.

[0121] Figures 12a to 12c depict a valve device pro-
vided with a stent 159 and substantially equidistant rigid
support beams 160, interlaced or attached to the slack
portion of the valve assembly material 161, arranged lon-
gitudinally. This design allows the valve leaflets to per-
form without outer support. The support in standard
valves is by tying the upper edge of the cusp to a rigid
embodiment, so that it reacts to the load as a suspension
bridge. In this new design the prevention of collapsing is
achieved similar to an Indian tent, i.e., the rigid supports
lean on each other 162 when the valve is closed but do
not interfere in opening 164 when the valve is open.
[0122] Figures 13ato 13cillustrate the manufacturing
of a valve assembly. At first a polyurethane thread line
170 is fed from a PU supply 172, and coiled around a
cylindrical drum 174 to form coil 176. Then, drum 174
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with coil 176 is dipped in a PU bath 177, and a second
layer 178 of the PU coats coil 176, making it a stronger
construction capable of withstanding tearing forces both
laterally and in other directions. Incorporating two differ-
enttypes of materials - such as PU and PET - may render
greater durability and endurance to the valve assembly.
This material is an alternative material to be used in the
forging method shown in Figure 6.

[0123] Figures 14 to 14c demonstrate the incorpora-
tion of heavy metal markers on the stent, which markers
allow observation and thereby adjustment of orientation
while placing the device in the required location. Heavy
metals are radiopaque, that is, they are conspicuous on
an angioscopicimage, which is a two-dimensionalimage.
Since the coronary artery ostia 237 and 238 are located
near the typical valve deployment location and must stay
open, it is extremely important to make sure that the de-
ployed valve assembly is not blocking a coronary ostium
In some cases the stent is lower than the ostium and in
those cases it will stay open, butin some cases as shown
in these figures it is necessary to make sure that the stent
portion 239 that is connecting the valve supports 235 is
opposite the coronary ostia, and in that way the blood
supply is preserved through the stent struts. Two heavy
metal markers 232 are attached at the outlet side, one
marker 230 at the inlet side. It is possible to adjust the
angiogscopic view to the plane of the left coronary as
shown in Figure 14b and anatomically locate the other
accordingly. If the two upper markers 232 are placed in
the radiographic two dimensional image, one on top of
the other, and the low marker 230 on the opposite side,
we make sure that the coronaries are open to blood flow
asseen in Figure 14c. Gold, platinum, iridium or tantalum
are all biocompatible materials suitable for the markers
described above.

[0124] Figures 15a to 15c illustrate a valve with a por-
tion of radio-opaque material 267 such as a thread of
gold at the sealing edge. When a valve is implanted, it is
very important to have clear indications of how the valve
is functioning /in vivo; pressure measurements, flow vis-
ualization, and doppler measurements are utilized. It is
also possible to examine the valve by ultrasound meth-
ods, however, observing the opening and closing of the
valve cusps on a monitor. Fig. 15b is an angiographic
image 268 of the open valve, while image 169 in Figure
15c is the closed position as seen on the angiogram.
[0125] Figures 16ato 16c¢ illustrate a procedure, which
helps in placing the device in the longitudinal position. It
is very important to place the device in the correct longi-
tudinal position, for if it is too deep in the left ventricle it
may interfere with the mitral valve function by improper
closing or function of the valve. If it is positioned too high
it may migrate, it may leak via the sinus cavities, which
are located around it, and/or it may block the coronaries.
It is a necessary task to position the valve prosthesis in
a narrow target location. In Figure 14 a method of lateral
orientation placement is shown, and Figures 16a to 16¢c
illustrate a longitudinal positioning. The valve device (the
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valve assembly and the support stent) is placed on an
inflatable balloon catheter, comprising double independ-
ently inflatable chambers 303, 305, and is inserted into
the left ventricle 302 in the crimped position and guided
over aguiding stylet or guide wire 300. The balloon, which
is larger than the annulus diameter when inflated, is in-
flated in the left ventricle 302, and then the whole device
is pulled slightly backwards. The balloon is supported on
the inner part of the annulus 303, allowing positioning of
the device in the exact desired position. In addition, it
temporarily blocks the blood flow, and that improves the
ability to hold the device in place while inflating it. The
next step is inflating the second balloon 305, which de-
ploys the valve device in the desired location.

[0126] The method for deploying an implantable pros-
thetic valve device at the natural aortic valve position at
the entrance to the left ventricle of a myocardium of a
patient, as depicted in Figures 16a, 16b and 16c, com-
prises the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the second
inflatable portion of the balloon catheter

(d) guiding the balloon catheter through the patient’s
aorta using the guiding tool, the valve device mount-
ed over the second inflatable portion of the balloon
catheter until the first inflatable portion of the balloon
catheter is inserted into the left ventricle, whereas
the second inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;

(e) inflating the first inflatable portion of the balloon
catheter so as to substantially block blood flow
through the natural aortic valve and anchor the distal
end of the balloon catheter in position;

(f) inflating the second inflatable portion of the bal-
loon catheter so as to deploy the implantable pros-
thetic valve device in position at the natural aortic
valve position;

(g) deflating the first and second inflatable portions
of the balloon catheter; and

(h) retracting the balloon catheter and removing it
from the patient’'s body.
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[0127] Figure 17 describes a positioning of a valve de-
vice 310 using an additional deployable stent 320. There
are several problems that may be encountered while de-
ploying the stent and valve in the aortic valve location:
blockage of coronaries may occur that is dangerous if
the diameter of the stentis similar to that of the coronaries
aortic root 309. Secondly, migration of the whole device
may also occur, which is a dangerous possibility, and
there is the problematic challenge of exact positioning of
the valve device that is very difficult to accomplish, as
already explained. The newly special designed device
with adouble diameter inflatable balloon and double stent
design allows placement of the device in a way that cor-
onaries will not be blocked because of a safe difference
that is kept between the diameters, longitudinal placing
is less sensitive because of the small diameter which
ensures prevents over expansion of the valved prosthe-
sis. The distal stent 320, which contains no valve, is ex-
panded into the ascending aorta, while the proximal stent
310is placed simultaneously in the annular position. This
placement method is less challenging due to the smaller
diameter of the proximal stent 310 which ensures that
the mitral valve is not deformed by over-expansion as
the dimensions are preserved, and the additional stent
decreases the risk of device migration. It is safer to over
dilate in the aorta, which is not true for the annulus.
[0128] The method for deploying an implantable pros-
thetic valve device at the natural aortic valve position at
the entrance to the left ventricle of a myocardium of a
patient, as depicted in Figures 17a and 17b, comprises
the steps of:

(a) providing a balloon catheter having a proximal
end and a distal end, having a first and second in-
dependently inflatable portions, the first inflatable
portion located at the distal end of the catheter and
the second inflatable portion adjacently behind the
first inflatable portion;

(b) providing a guiding tool for guiding the balloon
catheter in the vasculature of the patient;

(c) providing a deployable implantable valve pros-
thesis device adapted to be mounted on the first in-
flatable portion of the balloon catheter, and a deploy-
able annular stent device adapted to be mounted
over the second inflatable portion of the balloon cath-
eter, the deployable implantable valve prosthesis de-
vice and the deployable annular stent kept at a pre-
determined distant apart;

(d) guiding the balloon catheter through the patient’s
aorta using the guiding tool, the valve device mount-
ed over the first inflatable portion of the balloon cath-
eter and the deployable annular stent mounted over
the second inflatable portion of the balloon catheter,
until the first inflatable portion of the balloon catheter
is positioned at the natural aortic valve position;
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(e) inflating the second inflatable portion of the bal-
loon catheter so that the deployable stent device is
deployed within the aorta thus anchoring the deploy-
able annular stent and the coupled valve device in
position;

(f) inflating the first inflatable portion of the balloon
catheter so as to deploy the implantable prosthetic
valve device in position at the natural aortic valve
position;

(g) deflating the first and second inflatable portions
of the balloon catheter; and

(h) retracting the balloon catheter and removing it
from the patient’s body.

[0129] Figures 18a and 18b illustrate an accessory
crimping device that is adapted to crimp a valve device
in the operating theater as part of the implantation pro-
cedure. The crimping device 330 comprises several ad-
justable plates that resemble a typical SLR camera var-
iable restrictor. Itis comprised of simultaneously movable
plates 332 each provided with ablade 334, thatare equal-
ly dispersed in a radial symmetry but each plate moves
along a line passing off an opening in the center, all plates
equidistant from that center opening 336. Initially (see
Figure 18a) the plates are drawn apart providing a large
enough opening for the implantable valve to be posi-
tioned within that opening. When the plates are drawn
towards the center (see Figure 18b), the opening 336
reduces in size but still retains the annular shape, and
this facilitates the crimping of the valve frame to a small
dimension suitable for percutaneous positioning.
[0130] Figures 19a depicts a crimping method for the
support stent of the valve prosthesis device whereby
stent 340 is crimped, that is, compressed or curled. In
Figure 19b a crimping device 343 is shown, comprising
a body having an annular void in which an expanded
stent is positioned. Lever 346 is connected to the end
347 of the stent and as the lever is pulled the stent is
curled or compressed about axle 345 into a compressed
position 349 (Figure 19c).

[0131] Figures 20a and 20b depict a valve made of a
simple tube mountedto a stent 352. During systole period
the tube is fully open and during diastole period the tube
collapses according to the mounting geometry 357 and
achieves sealing.

[0132] Figure 21 describes a support stent 360 in its
open position. Three of the longitudinal struts 362 are full
and thick and always stay with their original constant size,
serving as anchoring support. Each of these struts 362
is provided with a plurality of bores 364, which are later
used for mounting the valve assembly (not shown) and
tying it to stent 360. Between struts 362 a web-like con-
struction is provided, which is capable of being crimped
to a narrow state and capable of being deployed again
to a wider state.
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[0133] Figure 22 illustrates another implantable pros-
thetic valve. It comprises a metal tube 370, having three
portions with a thicker wall 371 than in the rest of the tube
370, these areas form the longitudinal columns 372 in
the construction, after the tube is cut to its final form. The
advantage of such a construction is in its superior bend-
ing strength, in specific required portions of the construc-
tion, with minimal interference to the crimped volume of
the whole construction.

[0134] Figure 23a to 23c depict a method of manufac-
turing an artificial or biological crimpable valve device. A
piece of fabric material 370 (Fig. 23a), is dipped in PU to
create a portion which is later formed into valve leaflets
371 (Fig. 23b). This composite material 371 is then at-
tached to an additional piece of fabric such as PET 372
by means of stitching, suturing or other attaching tech-
nique 373 (Fig. 23c). The resulting fabric 375 is cut along
stitching line 373 leaving enough material to later suture
the valve assembly to the support construction. It is then
formed to a tubular shape and stitched 374 (Fig. 23d).
The tubular valve is then attached to a support construc-
tion 380 by suturing the bottom part around the valve 379
tightly to prevent leakage, and around the cut fabric line
376 (Fig. 23e). This open wall structure 378 allows blood
flow to the coronary arteries. The valve is later placed
with the coronary artery between the support columns
385. Additional variations of this can be made by replac-
ing the composite material 371/370 with a biological
patch such as a suitable pericardium patch. In some cas-
es it is possible to make the same valve without cutting
the fabric 372 with the shaped cut 376, and by that create
a valve with an outer tubular shape. The embodiment of
Figs. 23a to 23c is easy to manufacture as it is generally
flat throughout most of the production process and only
at the final stage of mounting on the support stent is it
given a three-dimensional form.

[0135] Reference is now made to Figure 24a illustrat-
ing a frame of an implantable prosthetic valve having
means for mounting valve leaflets that can form a tricus-
pid valve. Figure 24a depicts an isometric view of the
frame and Figure 24b depicts a cross sectional view of
the means for mounting valve leaflets 430 in detail. A
frame 420, which is suitable for crimping and expanding,
has three support beams 422 for mounting leaflets posi-
tioned substantially symmetrically about the circumfer-
ence of the frame. Frame 420 is shown in Figure 24a in
its deployed state. Support beam 422 has a "U" shaped
lateral cross section, or profile (shown clearly in Figure
24b) that is designed to attach to a commissure of the
valve structure. The "U" shape can be produced by ex-
trusion, wire cutting or by welding the "U" profile to the
frame’s struts 421 at junction points 424. Support beam
422 is provided with a series of bores 425 positioned
alongits back wall. Bores 425 are designated for stitching
the valve assembly by threads, wires, or other attaching
means.

[0136] Figure 24b is a detailed cross-sectional view of
one of the support beam 422. Two pericardial leaflets
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430 are inserted through a U-shaped, or forked holder
428 that compresses and restricts the leaflets in the U-
shaped profile. Leaflets 430 are folded to both sides of
the support beam 422. When holder 428 is compressed
toward the support beam 422, leaflets 430 are caughtin-
between holder 428 and support beam 422 so that the
leaflets are kept in place. Figure 24c is an exploded view
of the holder, bar 426 has a series of bores compatible
for attachment to the frames support beam 422, attach-
ment being achieved by suture 423 or any other attach-
ment means. This attachment method allows attaching
the leaflets to the frame without puncturing it with sutures
and needles. Itis also important that the leaflets are firmly
held in place by the holder 428 so that it has no relative
movement in respect to the rigid frame; hence avoiding
wear due to movements. Leaflets that are made from
pericardium are known to better withstand inner move-
ments and stresses and less to wear by movement
against rigid, hard or sharp bodies.

[0137] Itis noted again that the entire valve structure
is adapted to be radially crimped and radially expanded.
This feature imparts the valve with the ability and ease
to navigate through narrow passages in the vasculature
during positioning of the device. After final positioning of
the valve, the valve is deployed. This is made possible
by the provision of a collapsible support frame structure.
However, the length of the attaching means (the height
of the valve) remains at all times constant; thus suitable
for serving as the pliable valve assembly’s anchorage.
The leaflets are attached to the support frame at the at-
taching means, and due to their constant length there is
no need for slack material as these attachment points
that remain at constant distances regardless of the po-
sition of the valve assembly (crimped or deployed). This
is an important feature for this means that the manufac-
turer of the valve device can make sure the valve assem-
bly is secured and fastened to the support frame at all
times. In prior art implantable valve devices, the entire
support structure changes its dimensions from its initial
first crimped position to final deployed position and this
means that in the attachment of the valve leaflets to the
support structure one must take into consideration these
dimension changes and leave slack material so that upon
deployment of the device, the valve assembly does not
tear or deform. In the valve device there is no relative
movement between the valve leaflets and the support
beams (along the longitudinal central axis of the device).
As a result, the valve device acquires greater durability
and is capable of withstanding the harsh conditions pre-
vailing within the vasculature and especially the millions
of cycles of stress applied by the blood pressure.
[0138] The fixed attachment of the valve leaflets to the
support frame in the valve assembly device renders it
greater stability, enhanced safety, better sealingand con-
sequently longer lifespan. The design of the valve device
renders it longitudinal strength and rigidity whereas its
collapsible support structure renders it radial flexibility.
[0139] Figures 25a to 25d illustrate another implanta-
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ble prosthetic valve. Figures 25a and 25b depict an iso-
metric view and an upper view of the valve assembly,
respectively and Figures 25c and 25d illustrate upper
views of two optional constructions for the means for
mounting leaflets. Pericardial leaflets 430 are mounted
on a deployable support frame 432. The frame is prefer-
ably made of three segments that form a circular support
frame when assembled (Figure 25b). Pericardial leaflets
430 are attached to deployable support frame 432 along
three substantially equidistant and substantially parallel
beams 440, which are integral parts of support frame
432. Leaflets 430 are attached to support frame 32 at
support beams 440 by suturing 446 leaflets 446 to sup-
port beams 440 through bores 442 in beams. The frame
segments that are preferably made from stainless steel
are pre-shaped 432 and can be formed in different ways.
Figure 25c illustrates support frame segments 432a hav-
ing beams 435a pointing inwardly. Figure 25d illustrates
support frame segments 432b having beams 435b that
are outwardly pointing. The advantages of this technique
are the possibility to manufacture the frame segments
from sheets (as opposed to tube) and the ease of as-
sembly of the frame segments with the pericardial leaf-
lets.

[0140] Figures 26a to 26c¢ illustrate a tricuspid valve
provided with a self-expandable frame. Figure 26a is an
isometric view of an implantable prosthetic valve 430
mounted on a self-expandable frame 445. Implantable
prosthetic valve 430 comprised of three valve leaflets is
mounted on self-expandable frame 445 so thateach leaf-
let extends along an equidistant portion of the frame and
is sutured at both opposite sides to substantially equidis-
tant and substantially parallel beams 440. By using a
tapered tube 448 the whole assembly is crimped into a
restriction tube 449. Figure 26b shows the crimped valve
assembly 447 in its final crimped diameter ready for in-
sertion to the body. After insertion into the desired loca-
tion in the body the valve is released from the restriction
tube and as it is made of self expandable material (like
a shape-memory alloy), it expands back to the original
diameter and is anchored in place. In order to reduce the
diameter of the device from its fully expanded diameter
to its crimped diameter a special tapered tube is used,
shown in Figure 26c¢c.

[0141] Figure 27 illustrates an isometric view of an im-
plantable prosthetic valve having hooks designated to
anchor the valve assembly to body ducts. An implantable
prosthetic valve 450 is placed in a natural aortic valve
position 452. Implantable prosthetic valve 450 comprises
preferably three leaflets 430 mounted on a metallic sup-
port frame 455. The lower part of support frame 455 is
provided with attachment means, preferably with hooks
453. Hooks 453 assures that the valve assembly stays
in place after deployment, and cannot migrate to another
position.

[0142] Figure 28 illustrates a partial view of an implant-
able prosthetic valve. The commissural attachment is
shown in details. Thisfigure demonstrates an attachment
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technique that is used in order to attach pericardium leaf-
let 430 to a metallic frame 420. A longitudinal bar 456
having a narrow slit 457 is used as the commissural at-
tachment so that extensions 463 of pericardium leaflet
430 are tightly inserted through slit 457. Pericardium ex-
tensions 463 that are extended beyond slit 457 are
wrapped about a rigid bar 458 that acts as an anchoring
means. Every two extensions originating from two sides
of slit 457 are sutured to each other by a suture 459 at
the side of rigid bar 458 opposite the slit. An additional
suture 462 attaches the bottom circumference of support
frame 420 to leaflet 420 in order to obtain sealing. The
advantages of the described attachment are that no su-
tures or suture holes are applied in the leaflet working
area, there are no concentrated stress points similar to
stress point caused by suturing, and the force distribution
is along the longitudinal bar 456. The narrow passage
that is maintained through slit 457 forces the leaflets to
be static in respect to the support so as to reduce abra-
sion.

[0143] The designs that will be shown herein after are
optional configurations of attachment between the leaf-
lets and the support frame.

[0144] Figures 29a and 29b illustrate an isometric view
and an upper cross sectional view, respectively, of an
attachment assembly of a valve’s frame to leaflets. The
attachment is similarin principle to the attachment shown
in Figure 28, however, longitudinal bar 456 is further pro-
vided with an additional pole 465 that is attached to lon-
gitudinal bar 456 so as to establish an integral part. Pole
465 is rounded so as to make sure the leaflets will not
be abraded or cutby sharp corners. In the cross sectional
view shown in Figure 29b, adjacent leaflets 460 can be
seen compressed together and the main protection goal
is clearly shown.

[0145] Figures 30a to 30c illustrate an isometric view,
a cross-sectional view and a flatten view, respectively,
of an attachment assembly of a valves frame to leaflets.
Using the method demonstrated in Figures 30a to 30c,
the pericardial leaflets are pre-cut to the desired shape
430 and are provided with longitudinal bars 470 that are
sutured to the leaflets creating a longitudinal clamping
effect (Figure 30c). This allows distribution of forces
along the whole length of the attachment means as op-
posed to concentrating the stresses in suture holes. In
Figures 30a and 30b, an additional rigid portion 458 is
added, creating a round ending, which prevents the leaf-
lets from being bent drastically at the attachment point
to portions of the frame 420. The attachment to frame
420 is performed using sutures 459.

[0146] Figures 31aand31billustrate an exploded view
and an isometric view, respectively, of a commissural
attachment depicting the attachment technique. A meth-
od of assembling pericardial leaflets 430 to a frame 420
is demonstrated. A rigid bar 476 provided with integral
protrusions 478 is inserted through bores 479 that are
pre-cut in pericardial leaflets 430. Integral protrusions
478 pass through a sheet of preferably PET (braided pol-
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yester) fabric 475, and finally through bores 442 that are
provided in longitudinal bar 440 (the attachment means)
of frame 420. After the assembling of the parts, as shown
in Figure 31b, the parts are tightly assembled and bar
protrusions 478 are attached to bar 440 by welding, riv-
eting or any othertechnique. The PET sheet 475 isfolded
and sutured tightly around bar 476 using suture 472.
[0147] Figures 32a to 32c illustrate an isometric view
of an attachment between leaflets and the frame. An op-
tional method of attachment is demonstrated, in which a
pericardium leaflet 430 and bars 480 are sutured in area
far as possible from the working area of the leaflets. The
pericardium is first sutured using a suture 484 to bar 480
as seen in Figure 32b, and then folded and compressed.
In order to firmly hold the pericardial leaflets in place be-
tween bars 480, an integral connecting member 482 con-
nects the two bars, allowing the bent portions of the bars
to be in parallel position, with the leaflets caught in be-
tween. Then, an additional suture 483 connects the bot-
tom side of the bar to the leaflets so that while the valve
is working, the leaflets do not bear high stresses.
[0148] Figures 33a to 33d illustrate different views of
portions of an attachment between a pericardium and a
frame, demonstrating another method of attachment. A
connecting member 490 (shown in a deployed position
in Figure 33d) is used to connect two pericardial leaflets
492 at the line of the commissurel. After being connected
between them, pericardial leaflets 492 are being con-
nected to frame bar 480. Here again, the principal of com-
pressing the leaflets between two bent portions bars 491
of connecting member 490 and tightening them using
suture 484 without punctures in the working areas of the
pericardium is applied. However, connecting member
490 is provided with a portion 493 that is positioned per-
pendicular to the two bent portions bars 491 that holds
the two leaflets together. Portion 493 is the connecting
member to frame’s bar 480. In Figure 33a, the junction
point 495 between the portions of connecting member
491 is placed at the upper part (outlet) of the frame so
as to achieve a rigid connection to the frame. In Figure
33b, junction point 495 is placed at the bottom part (inlet)
of the frame so that the junction point also functions as
a spring. Comprehensive explanation of the benefits of
springs in commissures is discussed and shown in re-
spect with Figures 37 to 39.

[0149] Figures 34a to 34c illustrate an isometric view
of an attachment between a pericardium and a valve
demonstrating another method of attachment. In Figures
34b and 34c, a deployed portion and the folded portion,
respectively, are shown. An optional design for the at-
tachment between the frame and the leaflets is depicted.
A connecting member 480 (shown clearly in Figure 34b)
is being produced into a flat configuration using laser-
cutting. Connecting member 480, which is a part of the
frame’s attachment means, is bent and then is ready for
assembly with the leaflets. Connecting member480 com-
prises the main body as well as a connection bar 497
and a flexible element 498 allowing flexibility to the com-
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missural. Leaflets 430 are threaded through correspond-
ing holes 481 in the structured connecting member 480
and are sutured using a suture 482.

[0150] Reference is now made to Figures 35a, 35b,
and 35c illustrating isometric and cross-sectional upper
views, respectively, of attachment techniques between
a pericardium leaflet and a valve’s frame. Figures 35b
and 35c depict different techniques of commissural at-
tachments: in Figure 35b two pieces of pericardial leaflets
500 are wrapped around a metallic member 505 that is
connected to a frame 501. Rigid members 503 are posi-
tioned from both sides of metallic member 505 and then
tightened together and connected by a suture 502. All
metallic pieces are wrapped by PET fabric 508 in order
to avoid direct contact between the metallic pieces and
the delicate pericardial leaflets. The advantage of this
structure is that after tightening the suture, the whole
commissure becomes static with no relative movement
between the portions. This improves the valve assem-
bly’s resistance to abrasion. In addition, there are no nee-
dle holes or sutures in the working area. Figure 35c de-
picts a similar structure, however, there is no use of rigid
sidebars. After wrapping the metallic member 505 with
pericardial leaflets 500, a piece of PET 508 is used for
tightening it to a tight bundle. In this case, the suture line
502 is the borderline of the working area so it should be
designed so that stresses are in the best possible distri-
bution.

[0151] Figures 36a and 36b focus on the connection
of the commissural assembly to frame’s protrusion 509,
which is an integral part of the frame and is the basis for
the commissural attachment This example shows the use
of four rigid longitudinal bars 503 connected by a suture
502.

[0152] Figures 37ato 37c illustrate a commissural as-
sembly, where the connecting bar functions as a flexible
support and has integral attachment means to the frame.
Figure 37b is an isometric view of the connecting bar.
Connecting bar 520 is flexible and comprises a resilient
material shaped in a "U" shape. Connecting bar 520 is a
part of commissural assembly 527 shown in Figure 37a.
Connecting bar 520 is provided with protruding elements
521 that are acting as the means of attachment to the
frame’s bar 480. Protruding elements are designated to
be inserted in corresponding bores 442 in bar 480. It is
optional to provide rods 527 which are integral parts of
the "U" shaped member and replace the suture 526 that
connects the pericardium leaflet and the connecting bar
together, which is shown in Figure 37a. Figure 37c depict
another method of attaching the flexible connecting bar
520 to the frame 480 by means of welding 523. Here the
pericardial leaflets 500 are attached to the connecting
bar 520 by suture 526 inserted through a PET fabric 508
and two connecting bars 503, which together create a
tight bundle.

[0153] Figures 38a to 38g illustrate isometric views of
flexible commissural supports and the method of attach-
ing them to a pericardium and a frame a valve. Figures
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38a to 38c demonstrate incorporation of different design
options of commissural springs. The main purpose of a
commissural spring is to reduce the impact applied to the
pericardial leaflets when the valves leaflets are closed.
If the structure is of a rigid nature, high stress will be
applied each time the valve closes. If a spring is added
to the structure, the spring will bear the highest portion
of the impact; thus reducing the stress applied to the leaf-
lets during the time the valve is closed. In Figure 38a, a
simple stainless steel spring 530 is connected to frame’s
bar 480 by threading a portion of the spring into slots 538
as shown in more detail in Figures 38e and 38f. In Figure
38b, there is a similar spring 530 with leaflets 500 con-
nected to it by one of the attachment methods, the com-
missural support itself 530 is connected to the frames
bar 480 by spot welding, laser welding or other attach-
ment means. Figure 38c depicts a similar spring 534 hav-
ing an additional spiral. The purpose of such a spiral is
to reduce stress in the spring and to allow the fatigue
requirements, which in the case of heart valves are of at
least 200 million cycles.

[0154] Figure 38dillustrates an isometric view of a flex-
ible commissural support demonstrating the attachment
of the pericardium to the support. Figures 38e to 38g are
the details of the attachment to the frame. A commissural
spring of a different design 539 comprises a stainless
steel wire of a small diameter in respect with the springs
described in Figures 38a to 38c. One advantage of this
structure is the distribution of stresses in the spring and
the ability to form a structure, which can be crimped to a
small diameter. Another advantage in this structure is
that there are no open edges of the spring, which can be
dangerous when operated; the open edges are protected
in the frame’s bar as shown in Figures 38e to 38g, which
show possible attachment methods of the spring to the
frame. In Figure 38e, a frame’s flat bar 480 cut in shape
with slots for crimping the spring 536. Figure 38f shows
pre-bending of the slots 527 and Figure 38g shows the
spring legs 539 assembled firmly into the slots 538.
[0155] Figure 39a illustrates a technique of commis-
sural assembly using a shaped compressing member
511. The compression member 511 holds pericardial
leaflets 500 firmly while pressingit in the pivot points 513.
A radial edge 514 is made in order to protect the pericar-
dium from abrasion. The whole assembly is held tightly
inside the compressing member 516. The commissural
assembly is connected to the frame by protrusion mem-
ber 518, which fit bores in the frames bar 480. Figure 39b
is an isometric view of the same detail.

[0156] Figures 40a to 40c illustrate an isometric view
of a bicuspid valve mounted on a frame. Figures 40b and
40c depict a cross-sectional side view and an isometric
view, respectively, of the pericardium that is sutured to
a PET tube in the form of pockets. The valve assembly
(in this case bicuspid) comprises a crimpable frame 540,
two pericardial leaflets 545, a PET skirt 543 and a con-
necting suture 547. The focus in this drawing is on the
pocket shape of the pericardium leaflet shown best in
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Figures 40b and 40c. One of the main goals in valve
design, in general, is to distribute the stresses in a ho-
mogenous way in the pericardium material and the at-
tachment areas. The design of the pericardium leaflet as
a pocket assists in distributing the stresses along suture
line 547; pericardium leaflet 545 is sutured to PET skirt
543 along connecting suture 547. PET skirt54 3 is sutured
to the circumference of crimpable frame 540 atthe bottom
side 549 and at the top 542 using one of the commissural
attachments that are described herein before. When hy-
drodynamic pressure is applied on leaflets 545, the leaf-
lets will meet in the center 546 of frame 540 so as to seal
the valve assembly. The shape of the leaflets in the valve
assembly is determined by the boundary conditions,
which in this case are the suture lines. The suture lines
can be designed to have an optimal shape regarding the
stress distribution in accordance with geometrical restric-
tions.

[0157] Reference is now made to Figures 41a to 41d
illustrating isometric views of an implantable prosthesis
tricuspid valve. Figure 41a illustrates valve assembly 553
in an open state. Valve assembly 553 comprises a frame
555 (rigid or crimpable), pericardial leaflets 550 and bars
551. It is emphasized that the goal is to distribute the
stresses on the commissural arrangement in an optimal
way. Pericardial leaflets 550 are attached to bars 551
that act as attachment means. The attachment means
are positioned at the top third of the valve; the bottom
circumference is attached to the frame in order to obtain
full sealing. The middle part of the pericardium is left
slack. The pre-cut pericardium is cut in greater dimen-
sions than the frame; e.g., the height of the pericardium
leaflet is greater than the height of the frame, for example,
if the frame height is 15 mm, the pericardium will be cut
to a height of 18 mm so as to establish a slack portion in
the middle area of the valve assembly 553. Figure 41b
depicts the valve assembly in a closed state. The slack
portion of the pericardium collapses toward the middle
while creating a small pocket shape 554, which assists
in the stress distribution. Figure 41c shows the detailed
commissural and the short bar attachment as well as the
circumference sealing area at the bottom portion of the
pericardium assembly. It is shown in the figures that bars
551, which are relatively short, allow firm attachment of
the top portion of the commissural, slack portion in the
middle, and a good sealing surface at the bottom portion
556.

[0158] Referenceis now made to Figures 42a and 42b
illustrating an isometric view of an implantable prosthetic
valve having a different commissural attachment. Figure
42b depicts the attachment in details. In Figure 42a, sim-
ilar valve assembly is illustrated, while the short bar is
arranged ina manner thatis similar to the structure shown
in Figure 28 and described herein before. Relatively short
bars 559 act as the attachment means to the frame bar
558. Suture 557 attaches short bars 559 to a member
558, the suture can be made from an elastic material so
that to add flexibility to the commissures and to render
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the valve assembly the benefits already explained herein.
[0159] Referenceis now made to Figures 43a and 43b
illustrating an isometric view of an implantable prosthetic
valve. Figure 43a depicts commissures that are pre-su-
tured in a tapered shape. The valve assembly shown in
Figure 43a comprises a frame 560, pericardial leaflets
563, and attachment means 561. Pericardial leaflets 563
are shown to be in an open state so as to establish an
open valve assembly while dashed lines 565 show the
valve in a closed sealed state. The attachment to the
commissures can be performed using one of the ex-
plained techniques. Specifically to Figures 43a and 43b,
the focus is on the formation of a tapered valve in which
the attachment means is in the shape of long bars 561
that are attached to the pericardium in an angular way in
apposition to the parallel attachment. Attaching the bars
in an angular way when the pericardium is flattened will
create a tapered tube when built up to the three dimen-
sional shape. When the whole prosthetic valve is inflated
by a balloon, the pericardium leaflet, at the top circum-
ference of the frame, is stretched and the frame is ex-
panded to the full diameter. After deflating the balloon,
the frame stays in its expended size but the pericardial
leaflets regains their pre-stretched shape. This process
creates a permanent clearance distance 562 between
the pericardial leaflets 563 and frame 560. This is of major
importance in the protection of the pericardium from
abrading against the frame.

[0160] Reference is now made to Figures 44a to 44c
illustrating an isometric view of an implantable prosthetic
valve, with additional pieces of PET used for sealing and
protecting the pericardium. The illustrated implantable
valve assembly resembles the valve shown in Figure 43,
however, it is emphasized that in the attachment of the
pericardial leaflets 570 to frame 575, there is use of PET.
Figure 44c shows in a cross-sectional view, the way the
PET is assembled to the pericardium and the frame in a
manner that protects the pericardium against wear. PET
571 and 572 are used for connecting pericardial leaflets
570 to frame 575, while they are assembled in between
the leaflets and the frame. A sutured 577 connects peri-
cardium leaflet 570 in between two layers of PET, while
the inner layer of PET 572 is short and the outer layer is
longer. Bottom attachment suture 576, connects the
three layers, the leaflet and both PET layers to the frame
and forms a strong sealing line. An upper suture 578
connects the outer PET layer 571 to frame 575. When
the valve assembly closes and the pericardial leaflets
come closer to each other at the top of the assembily,
there is a tendency of the bottom attachment to move
and rotate about an attachment point 577. Upper suture
line 578 keeps the outer PET layer tight and prevents a
part of this rotational movement, which can rapidly cause
an abrasion failure.

[0161] Figures 45a to 45d illustrate an isometric view
of animplantable prosthetic valve having leaflets sutured
to a pre-shaped PET tube and optional leaflet-tube at-
tachments in details. A technique of mounting pericardial
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leaflets 580 to a pre shaped PET tube 585 is shown. The
tube is shaped so as to have a folding 586 with substan-
tially sinusoid pattern 586 that is similar to the optimal
connection line of valve leaflets in the natural valve. This
shape allows the pericardial leaflets to be sutured to the
interior of the PET tube. The preferred suturing tech-
niques are shown in the cross sectional views of PET
tubes in Figures 45b, 45c, and 45d. Generally, in order
to protect the pericardial leaflets from tearing, an addi-
tional piece 583 of PET is added below the suture lines.
Similar variations are shown in Figures 45c and 45d.
[0162] Reference is now made to Figure 46a illustrat-
ing an exploded view of an implantable prosthetic valve
assembly, the where the leaflets are mounted on a pre-
cut and pre-shaped tube and the outlet of the valve is cut
in a commissural shape. Figure 46ais view of the attach-
ment. A pre-shaped PET tube 590 is cut to have sub-
stantially sinusoidal shape 596 and then bent in order to
provide a suturing area. The pericardium leaflet 593 is
pre-cut and assembled to PET tube 590 by means of
suturing 502. In this case as well as in the former case,
an additional protective layer of PET or pericardium 594
is added. Figure 46b is a cross-section of the attachment
detail after being tightened

[0163] Figures47ato47cillustrate a partial cross-sec-
tional side view of an inflating balloon. The balloon is a
part of an implantable prosthetic valve delivery system
Figures 47b and 47c are cross sectional upper views in
the inflated and deflated positions, respectively. The spe-
cially designed balloon shown in the figures preferably
comprises four inflating members, three substantially
identical and symmetrical sections 600 and a central sec-
tion 602. Pericardial leaflets 612 are positioned between
sections 600 and separate them. A frame 610 circles the
inflating members and a balloon shaft 619 that is posi-
tioned in the center of the delivery system while a com-
missural connection 613 connects pericardial leaflets
612 to frame 610. The inflated balloon sections 600 are
placed between frame 610 and pericardial leaflets 612
sothatwhenthe inflating members are inflated, they push
leaflets 612 toward each other and frame 610 so as to
establish a fully closed position. This technique better
preserves the leaflets since there is no contact between
the leaflets and the frame besides in the commissural
connection. The preservation of the leaflets is even im-
proved in times of inflation as well as after inflating the
valve and establishing a closed position. In Figure 47a
the fourth inflating member of the balloon, central section
602 is clearly shown. Through central section 602, the
inlet 617 of the valve is inflated while the inflated central
section assures that the whole valve is fully inflated to
substantially round shape. Figure 47c shows the assem-
bly in a crimped position. Frame 610 is crimped and sec-
tions 600 are deflated. Pericardial leaflets 612 are also
shown in a crimped configuration.

[0164] Figures 48a and 48b illustrate a partial cross-
sectional side view and an upper cross sectional view of
an inflating balloon. The inflating balloon comprises of a
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central inflating balloon 620 and three protection sheets
622. In the lateral cross-section shown in Figure 48b, the
parts of inflated assembly 625 are clearly shown, protec-
tion sheets 622 protects the pericardial leaflets 624 from
being pushed against the frame 625 when the device is
inflated. The advantage of this arrangement is in the pro-
tection of the pericardial leaflets.

[0165] The implantable prosthetic valve is relatively
easyto manufacture asitis generally flatthroughout most
of the production process and only at the final stage of
mounting the other elements of the valve assembly on
the support frame, a three dimensional form is estab-
lished.

[0166] A typical size of an aortic prosthetic valve is
from about 19 to about 25 mm in diameter. A maximal
size of a catheter inserted into the femoral artery should
be no more than 8 mm in diameter. The presentinvention
introduces a device, which has the ability to change its
diameter from about 4 mm to about 25 mm. Atrtificial
valves are not new; however, artificial valves in accord-
ance with the present invention posses the ability to
change shape and size for the purpose of delivery and
as such are novel. These newly designed valves require
manufacturing methods and technical inventions and im-
provements, some of which were described herein.
[0167] As mentioned earlier, the material of which the
valve is made from can be either biological or artificial.
In any case new technologies are needed to create such
a valve.

[0168] To attach the valve to the body, the blood ves-
sels determine the size during delivery, and the require-
ments for it to work effciently, there is a need to mount it
on a collapsible construction which can be crimped to a
small size, be expanded to a larger size, and be strong
enough to act as a support for the valve function. This
construction, which is in somewhat similar to a large
"stent", can be made of different materials such as Nitinol,
biocompatible stainless steel, polymeric material or a
combination of all. Special requirement for the stent are
a subject of some of the embodiments discussed herein.
[0169] In the traditional procedure the valve is sutured
in place by a complicated suturing procedure. In the case
of the percutaneous procedure there is no direct access
to the implantation site therefore different attachment
techniques are needed.

[0170] Artificial polymer valves require special treat-
ment and special conditions when kept on a shelf, as well
as a special sterilization procedure. One of the conse-
quences of the shelf treatment is the need to crimp the
valve during the implantation procedure. A series of de-
vices and inventions to allow the crimping procedure are
disclosed herein.

[0171] Itshould be clear that the description of the em-
bodiments and attached Figures set forth in this specifi-
cation serves only for a better understanding of the in-
vention, without limiting its scope as covered by the fol-
lowing claims.

[0172] It should also be clear that a person skilled in
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the art, after reading the present specification could make
adjustments or amendments to the attached Figures and
above described embodiments that would stillbe covered
by the following claims.

Claims

1. A percutaneously implantable prosthetic device for
replacing a deficient native aortic valve, comprising:

- a collapsible and expandable support stent
formed of a shape memory alloy, the support
stentadapted to be initially crimped into a narrow
configuration suitable for catheterization
through a body duct to a target location,

-- the support stent comprising a proximal
stent portion (310) configured to expand to
a first diameter and

-- a distal stent portion (320) configured to
expand to a second diameter, the first di-
ameter being smaller than the second di-
ameter for preventing deformation of the mi-
tral valve by over expansion and for provid-
ing a difference between the support stent
and aortic root so that the openings of the
coronary arteries will not be blocked; and

- a collapsible and expandable valve assembly
having leaflets formed of pericardial tissue,

whereby the valve assembly is attached to the sup-
port stent and has an open position suitable to allow
blood to pass from an inlet to an outlet of the valve
assembly and has a closed position suitable to pro-
vide blockage to a reverse flow;

wherein the firstdiameter of the support stentis sized
for engagement with the leaflets of the native aortic
valve and the second diameter of the support stent
is sized for engagement with the inner wall of the
ascending aorta and

wherein the stent is sized to avoid a contact with the
inner wall of a left ventricle when implanted.

2. The prosthetic device of claim 1, wherein the valve
assembly is provided in the proximal stent portion
(310).

3. The prosthetic device of claim 1 or 2, wherein the
shape memory alloy is nickel titanium.

4. The prosthetic device of any one of the preceding
claims, wherein the support stent is collapsible to a
delivery diameter sized for advancement through a
femoral artery, wherein the delivery diameter is pref-
erably less than 8 mm.
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5.

10.

11.

12.

13.

14.

15.

The prosthetic device of any one of the preceding
claims, wherein the first diameter of the support stent
is in the range of about 19 mm to 25 mm.

The prosthetic device of any one of the preceding
claims, wherein the valve assembly is sewn to the
support stent.

The prosthetic device of any one of the preceding
claims, wherein the valves assembly is a tricuspid
valve configuration.

The prosthetic device of any one of the preceding
claims, wherein the support stent has an annular
shape.

The prosthetic device of any one of the preceding
claims, wherein the valve assembly is contained
within the proximal stent portion (310).

The prosthetic device of any one of the preceding
claims, wherein the second diameter of the distal
stent portion (320) is sized for decreasing the risk of
device migration.

The prosthetic device of any one of the preceding
claims, wherein the support stent comprises stent
struts which contact the leaflets of the native aortic
valve and the inner wall of the ascending aorta.

The prosthetic device of claim 11, wherein a blood
supply is preserved through the stent struts opposite
the openings of the coronary arteries.

The prosthetic device of claim 12, wherein the distal
stent portion is adapted to be over dilated in the as-
cending aorta.

The prosthetic device of any one of the preceding
claims, wherein the support stent is formed with a
net-like frame adapted to be crimped evenly to a nar-
row annular configuration suitable for catheteriza-
tion, the support stent adapted for radial deployment
at a target location

The prosthetic device of any one of the preceding
claims, wherein the valve assembly is sewn to the
support stent at serveral anchoring points.

Patentanspriiche

1.

Perkutan implantierbare prothetische Vorrichtung
zum Ersetzen einer fehlerhaften natirlichen Aorten-
klappe, die umfasst:

- einen zusammenlegbaren und ausdehnbaren
Stltzstent, der aus einer Formspeicherlegie-
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rung ausgebildet ist, wobei der Stitzstent ge-
eignet ist, anfanglich in einen schmalen Aufbau
gefaltet zu werden, der zur Katheterisierung
durch einen Kérpergang zu einem Zielort geeig-
net ist,

-- wobei der Stltzstent einen proximalen
Stentabschnitt (310) umfasst, der aufge-
baut ist, um sich auf einem ersten Durch-
messer auszudehnen, und

-- einen distalen Stentabschnitt (320), der
aufgebaut ist, um sich auf einen zweiten
Durchmesser auszudehnen, wobei der er-
ste Durchmesser kleiner als der zweite
Durchmesser ist, um die Verformung der
Mitralklappe durch Uberdehnung zu verhin-
dern und um einen Unterschied zwischen
dem Stitzstent und der Aortenwurzel be-
reitzustellen, so dass die Offnungen der
Herzkranzgefalle nicht blockiert werden;
und

- eine zusammenlegbare und ausdehnbare
Klappenanordnung mit Blattchen, die aus Herz-
beutelgewebe ausgebildet sind,

wobei die Klappenanordnung an dem Stiitzstent an-
gebracht ist und eine offene Position hat, die geeig-
netist, Blut von einem Einlass zu einem Auslass der
Klappenanordnung passieren zu lassen, und eine
geschlossene Position hat, die geeignet ist, um eine
Blockierung fur einen umgekehrten Fluss bereitzu-
stellen;

wobei der erste Durchmesser des Stltzstents fur
den Eingriff mit den Blattchen der nattrlichen Aor-
tenklappe dimensioniert ist, und der zweite Durch-
messer des Stitzstents fir den Eingriff mit der In-
nenwand der aufsteigenden Aorta dimensioniert ist,
und

wobei der Stent dimensioniert ist, um einen Kontakt
mit der Innenwand einer linken Herzkammer zu ver-
meiden, wenn er implantiert ist.

Prothetische Vorrichtung nach Anspruch 1, wobei
die Klappenanordnung in dem proximalen Stentab-
schnitt (310) bereitgestellt ist.

Prothetische Vorrichtung nach Anspruch 1 oder 2,
wobei die Formspeicherlegierung Nickeltitan ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Ansprliche, wobei der Stltzstent auf einen
Zufuhrungsdurchmesser zusammenlegbar ist, der
fur das Vorriicken durch eine Oberschenkelarterie
dimensioniert ist, wobei der Zufihrungsdurchmes-
ser vorzugsweise kleiner als 8 mm ist.

Prothetische Vorrichtung nach einem der vorherge-
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10.

11.

12.

13.

14.

15.

38

henden Anspriche, wobei der erste Durchmesser
des Stltzstents in dem Bereich von etwa 19 mm bis
25 mm ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriche, wobei die Klappenanordnung
mit dem Statzstent vernaht ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Klappenanordnung
ein Trikuspidalklappenaufbau ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei der Stitzstent eine ring-
formige Form hat.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei die Klappenanordnung in
dem proximalen Stentabschnitt (310) enthalten ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Ansprlche, wobei der zweite Durchmesser
des distalen Stentabschnitts (320) dimensioniert ist,
um die Gefahr der Vorrichtungsmigration bzw. Wan-
derung zu senken.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriche, wobei der Stltzstent Streben
umfasst, die die Blattchen der natlrlichen Aorten-
klappe und die Innenwand der aufsteigenden Aorta
berlGhren.

Prothetische Vorrichtung nach Anspruch 11, wobei
die Blutzufuhr durch die Stentstreben gegenilber
den Offnungen der HerzkranzgefaRe gewahrt wird.

Prothetische Vorrichtung nach Anspruch 12, wobei
der distale Stentabschnitt geeignet ist, in der aufstei-
genden Aorta Uberdehnt zu werden.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriiche, wobei der Stltzstent mit einem
netzartigen Rahmen ausgebildetist, der geeignetist,
gleichmafig in einen schmalen ringférmigen Aufbau
gefaltet zu werden, der zur Katheterisierung geeig-
net ist, wobeider Stlztstent fur die radiale Entfaltung
an einem Zielort geeignet ist.

Prothetische Vorrichtung nach einem der vorherge-
henden Anspriche, wobei die Klappenanordnung
an mehreren Verankerungspunkten mit dem Stitz-
stent vernaht ist.

Revendications

1.

Un dispositif prothétique implantable de maniére
percutanée destiné a remplacer une valve aortique
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native déficiente, comprenant :

- un stent de support affaissant et extensible for-
mé d'un alliage 2a mémoire de forme, le stent de
support adapté pour étre initialement rétréci
dans une configuration étroite adaptée en vue
d’une cathétérisation a travers un conduit cor-
porel vers un site cible,

-- le stent de support comprenant une por-
tion de stent proximale (310) configurée
pour se développer jusqu’a un premier dia-
meétre et

-- une portion de stent distale (320) confi-
gurée pour se développer jusqu’a un se-
cond diamétre, le premier diamétre étant
plus petit que le second diamétre afin d’em-
pécher la déformation de la valve mitrale
par une surexpansion et d’'assurer une dif-
férence entre le stent de support et laracine
aortique de sorte que les ouvertures des ar-
téres coronaires ne soient pas bloquées ; et

- un ensemble de valve repliable et expansible
ayant des folioles formées de tissu péricardique,

par lequel 'ensemble de valve est attaché au stent
de support et a une position ouverte adaptée pour
permettre au sang de passer d’une entrée vers une
sortie de 'ensemble de valve et a une position fer-
mée adaptée pour assurer le blocage d’un flux
inverse ;

dans lequel le premier diamétre du stent de support
est dimensionné de maniére a s’engager avec les
folioles de la valve aortique native et le second dia-
meétre du stent de support est dimensionné pour
s’engager avec la paroiinterne de l'aorte ascendante
et

dans lequel le stent est dimensionné de maniére a
éviter un contact avec la paroiinterne d’un ventricule
gauche lors de son implantation.

Le dispositif prothétique de la revendication 1, dans
lequel 'ensemble de valve est disposé dans la por-
tion de stent proximale (310).

Le dispositif prothétique de la revendication 1 ou 2,
danslequel l'alliage a mémoire de forme est du nickel
titane.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel le stent de
support est repliable en un diamétre de pose dimen-
sionné en vue de son avancement a travers une ar-
tere fémorale, dans lequel le diamétre de pose est
de préférence de moins de 8 mm.

Le dispositif prothétique de 'une quelconque des re-
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11.

12.

13.

14.

15.
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vendications précédentes, dans lequel le premier
diametre du stent de support est dans la gamme
d’environ 19 mm a 25 mm.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel 'ensemble
de valve est cousu au stent de support.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel 'ensemble
de valve est une configuration de valve tricuspide.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel le stent de
support a une forme annulaire.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel 'ensemble
de valve est contenu dans la portion de stent proxi-
male (310).

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel le second
diameétre de la portion de stent distale (320) est di-
mensionné de maniére a réduire le risque de migra-
tion du dispositif.

Le dispositif prothétique de I'une quelconque des re-
vendications précédentes, dans lequel le stent de
support comprend des montants qui sont en contact
avec lesfolioles de la valve aortique native et la paroi
interne de l'aorte ascendante.

Le dispositif prothétique de la revendication 11, dans
lequel un apport sanguin est préservé par le biais
des montants de stent opposés aux ouvertures des
artéres coronaires.

Le dispositif prothétique de la revendication 12, dans
lequel la portion de stent distale est adaptée pour
étre surdilatée dans 'aorte ascendante.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel le stent de
support est formé a 'aide d’une structure en treillis
adaptée pour étre rétrécie uniformémenten une con-
figuration annulaire étroite adaptée a la cathétérisa-
tion, le stent de support adapté pour un déploiement
radial en un site cible.

Le dispositif prothétique de 'une quelconque des re-
vendications précédentes, dans lequel 'ensemble
de valve est cousu au stent de support en plusieurs
points d’ancrage.
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FIG 1
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Description

[0001] The present invention relates to a prosthetic
valve assembly or replacing a stenotic native aortic valve
to beimplanted by a transcutaneous catheterization tech-
nique.

[0002] Thevalve prosthesis can be also applied to oth-
er body channels provided with native valves, such as
veins or in organs (liver, intestine, urethra,...).

[0003] The present description also discloses a meth-
od for implanting a valve prosthesis, such as the valve
according to the present invention.

[0004] Implantable valves, which will be indifferently
designated hereafter as "IV", "valve prosthesis" or "pros-
thetic valve", permits the reparation of a valvular defect
by aless invasive technique in place of the usual surgical
valve implantation which, in the case of valvular heart
diseases, requires thoracotomy and extracorporeal cir-
culation. A particular use for the IV concerns patients
who cannot be operated on because of an associated
disease or because of very old age or also patients who
could be operated on but only at a very high risk.
[0005] Although the IV of the present invention and the
process for implanting said IV can be used in various
heart valve diseases, the following description will first
concern the aortic orifice in aortic stenosis, more partic-
ularly in its degenerative form in elderly patients.
[0006] Aortic stenosis is a disease of the aortic valve
in the left ventricle of the heart. The aortic valvular orifice
is normally capable of opening during systole up to 4 to
6 cm?, therefore allowing free ejection of the ventricular
blood volume into the aorta. This aortic valvular orifice
can become tightly stenosed, and therefore the blood
cannot anymore be freely ejected from the left ventricle.
In fact, only a reduced amount of blood can be ejected
by the left ventricle which has to markedly increase the
intra-cavitary pressure to force the stenosed aortic ori-
fice. In such aortic diseases, the patients can have syn-
cope, chest pain, and mainly difficulty in breathing. The
evolution of such a disease is disastrous when symptoms
of cardiac failure appear, since 50 % of the patients die
in the year following the first symptoms of the disease.
[0007] The only commonly available treatment is the
replacement of the stenosed aortic valve by a prosthetic
valve via surgery: this treatment moreover providing ex-
cellent results. If surgery is impossible to perform, i.e., if
the patient is deemed inoperable or operable only at a
too high surgical risk, an alternative possibility is to dilate
the valve with a balloon catheter to enlarge the aortic
orifice. Unfortunately, a good result is obtained only in
about half of the cases and there is a high restenosis
rate, i.e., about 80% after one year.

[0008] Aortic stenosis is a very common disease in
people above seventy years old and occurs more and
more frequently as the subject gets older. As evidenced,
the present tendency of the general evolution of the pop-
ulation is becoming older and older. Also, it can be eval-
uated, as a crude estimation, that about 30 to 50% of the
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subjects who are older than 80 years and have a tight
aortic stenosis, either cannot be operated on for aortic
valvereplacementwith areasonable surgicalrisk or even
cannot be considered at all for surgery.

[0009] Itcan be estimated that, about 30 to 40 persons
outofa million peryear, could benefitfrom animplantable
aortic valve positioned by a catheterization technique.
Until now, the implantation of a valve prosthesis for the
treatment of aortic stenosis is considered unrealistic to
perform since it is deemed difficult to superpose another
valve such an implantable valve on the distorted sten-
osed native valve without excising the latter.

[0010] From 1985, thetechnique of aortic valvuloplasty
with a balloon catheter has been introduced for the treat-
ment of subjects in whom surgery cannot be performed
at all or which could be performed only with a prohibitive
surgical risk. Despite the considerable deformation of the
stenosed aortic valve, commonly with marked calcifica-
tion, it is often possible to enlarge significantly the aortic
orifice by balloon inflation, a procedure which is consid-
ered as low risk.

[0011] However, this technique has been abandoned
by most physicians because of the very high restenosis
rate which occurs in about 80% of the patients within 10
to 12 months. Indeed, immediately after deflation of the
balloon, a strong recoil phenomenon often produces a
loss of halfor even two thirds of the opening area obtained
by the inflated balloon. For instance, inflation of a 20 mm
diameter balloon in a stenosed aortic orifice of 0.5 cm?2
area gives, when forcefully and fully inflated, an opening
area equal to the cross sectionnal area of the maximally
inflated balloon, i.e., about 3 cm2. However, measure-
ments performed a few minutes after deflation and re-
moval of the balloon have only an area around 1 cm?2 to
1.2 cmZ2. This is due to the considerable recoil of the fi-
brous tissue of the diseased valve. The drawback in this
procedure has also been clearly shown on fresh post
mortem specimens.

[0012] However, it is important to note that whereas
the natural normal aortic valve is able to open with an
orifice of about 5 to 6 cm?2 and to accommodate a blood
flow of more that 15 I/min. during heavy exercise for in-
stance, an opening area of about 1.5 to 2 cm?2 can accept
a 6 to 8 I/min blood flow without a significant pressure
gradient. Such a flow corresponds to the cardiac output
of the elderly subject with limited physical activity.
[0013] Therefore, an IV would not have to produce a
large opening of the aortic orifice since an opening about
2 cm?2 would be sufficient in most subjects, in particular
in elderly subjects, whose cardiac output probably does
not reach more than 6 to 8 I/min. during normal physical
activity. For instance, the surgically implanted mechani-
cal valves have an opening area which is far from the
naturalvalve opening thatranges from 2to 2.5 cm?2, main-
ly because of the room taken by the large circular struc-
ture supporting the valvular part of the device.

[0014] The prior art describes examples of cardiac
valves prosthesis that are aimed at being implanted with-
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out surgical intervention by way of catheterization. For
instance, US patentn® 5,411,552 describes a collapsible
valve able to be introduced in the body in a compressed
presentation and expanded in the right position by bal-
loon inflation.

[0015] Such valves, with a semi-lunar leaflet design,
tend to imitate the natural valve. However, this type of
design is inherently fragile, and such structures are not
strong enough to be used in the case of aortic stenosis
because of the strong recoil that will distort this weak
structure and because they would not be able to resist
the balloon inflation performed to position the implantable
valve. Furthermore, this valvular structure is attached to
a metallic frame of thin wires that will not be able to be
tightly secured against the valve annulus. The metallic
frame of this implantable valve is made of thin wires like
in stents, which are implanted in vessels after balloon
dilatation. Such a light stent structure is too weak to allow
the implantable valve to be forcefully embedded into the
aortic annulus. Moreover, there is a high risk of massive
regurgitation (during the diastolic phase) through the
spaces between the frame wires which is another pro-
hibitive risk that would make this implantable valve im-
possible to use in clinical practice.

[0016] Furthermore, an important point in view of the
development of the IV is that it is possible to maximally
inflate a balloon placed inside the compressed implant-
able valve to expand it and insert it in the stenosed aortic
valve up to about 20 to 23 mm in diameter. At the time
of maximum balloon inflation, the balloon is absolutely
stiff and cylindrical without any waist. At that moment,
the implantable valve is squeezed and crushed between
the strong aortic annulus and the rigid balloon with the
risk of causing irreversible damage to the valvular struc-
ture of the implantable valve.

[0017] Document WO 93/01768 A discloses a valve
replacement system provided for endovascular replace-
ment of a heart valve in a host. A procedure device cap-
sule comprises a cylindrical sleeve made of flexible du-
rable material, e.g. teflon coated polyurethane or other
materials which have the following characteristics: flexi-
ble such that it can be maneuvered though the vascula-
ture, durable such that it can withstand the abrasive con-
tact and pressure of instruments inserted and contained
within it, and non-thrombogenic such that blood clots do
not develop and adhere to its surface. The procedure
device capsule has agenerally cylindrical outside surface
and a generally cylindrical inside surface with a mesh or
grid design.

SUMMARY OF THE INVENTION

[0018] Theinventionisaimed toovercomethese draw-
backs and to implant an IV which will remain reliable for
years.

[0019] A particular aim of the present invention is to

provide an IV, especially aimed at being used in case of
aortic stenosis, which structure is capable of resisting the
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powerful recoil force and to stand the forceful balloon
inflation performed to deploy the IV and to embed it in
the aortic annulus.

[0020] Another aim of the present invention is to pro-
vide an efficient prosthesis valve which can be implanted
by a catheterization technique, in particular in a stenosed
aortic orifice, taking advantage of the strong structure
made of the distorted stenosed valve and of the large
opening area produced by preliminary balloon inflation,
performed as an initial step of the procedure.

[0021] A further aim of the present invention is to pro-
vide an implantable valve which would not produce any
risk of fluid regurgitation.

[0022] These aims are achieved according to the
present invention which provides a valve prosthesis of
the type mentioned in the introductory part and wherein
said valve prosthesis comprises a collapsible continuous
structure with guiding means providing stiffness and a
frame to which said structure is fastened, said frame be-
ing strong enough to resist the recoil phenomenon of the
fibrous tissue of the diseased valve.

[0023] The IV, which is strongly embedded, enables
the implantable valve to be maintained in the right posi-
tion without any risk of further displacement, which would
be a catastrophic event.

[0024] More precisely, this valvular structure compris-
es a valvular tissue compatible with the human body and
blood, which is supple and resistant to allow said valvular
structure to pass from a closed state to an open state to
allow a body fluid, more particularly the blood, exerting
pressure on said valvular structure, to flow. The valvular
tissue forms a continuous surface and is provided with
guiding means formed or incorporated within, creating
stiffened zones which induce the valvular structure to fol-
low a patterned movement from its open position to its
closed state and vice-versa, providing therefore a struc-
ture sufficiently rigid to prevent diversion, in particular
into the left ventricle and thus preventing any regurgita-
tion of blood into the left ventricle in case of aortic im-
plantation.

[0025] Moreover, the guided structure of the IV allows
the tissue of this structure to open and close with the
same patterned movement while occupying as little
space as possible in the closed state of the valve. There-
fore, owing to these guiding means, the valvular structure
withstands the unceasing movements under blood pres-
sure changes during the heart beats.

[0026] More preferably, the valvular structure has a
substantially truncated hyperboloidal shape in its ex-
panded position, with a larger base and a growing closer
neck, ending in a smaller extremity forming the upper
part of the valvular structure. The valvular structure has
a curvature at its surface that is concave towards the
aortic wall. Such a shape produces a strong and efficient
structure in view of the systolo-diastolic movement of the
valvular tissue. Such a valvular structure with its simple
and regular shape also lowers the risk of being damaged
by forceful balloon inflation at the time of IV deployment.
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[0027] A trunco-hyperboloidal shape with a small di-
ameter at the upper extremity facilitates the closure of
the valve at the beginning of diastole in initiating the start-
ing of the reverse movement of the valvular tissue to-
wards its base. Another advantage of this truncated hy-
perboloidal shape is that the upper extremity of the val-
vular structure, because of its smaller diameter, remains
at a distance from the coronary ostia during systole as
well as during diastole, thus offering an additional secu-
rity to ensure not to impede at all the passage of blood
from the aorta to the coronary ostia.

[0028] As another advantageous example, the guiding
means of the valvular structure are inclined strips from
the base to the upper extremity of the valvular structure
with regard to the central axis of the valvular structure.
This inclination initiates and imparts a general helicoidal
movement of the valvular structure around said central
axis at the time of closure or opening of said structure,
such a movement enabling to help initiate and finalize
the closure of the valvular structure. In particular, this
movementimproves the collapse of the valvular structure
towards its base at the time of diastole and during the
reversal of flow at the very beginning of diastole. During
diastole, the valvular structure thus falls down, folding on
itself and collapses on its base, therefore closing the aor-
tic orifice. The strips can be pleats, strenghthening struts
or thickened zones.

[0029] In other examples, said guiding means are rec-
tilinear strips from the base to the upper extremity of the
valvular structure. In this case, the guiding means can
comprise pleats, struts or thickened zones. In a particular
example, the stiffened zones then created can be advan-
tageously two main portions, trapezoidal in shape,
formed symmetrically one to each other with regard to
the central axis of the valvular structure, and two less
rigid portions separating said two main portions to lead
to a tight closeness in shape of a closed slot at the time
of closure of the upper extremities of the main portions
of the valvular structure. The thickened zones can be
extended up to form the stiffened zones.

[0030] More particularly, each of said main slightly rigid
portions occupy approximately one third of the circum-
ference of the valvular structure when this latter is in its
open position. The slightly rigid portions maintain the val-
vular structure closed during diastole by firmly applying
themselves on each other. The closure of the valvular
structure at the time of diastole thus does not have any
tendency to collapse too much towards the aortic annu-
lus.

[0031] Preferably, the guiding means are a number of
pleats formed within the tissue by folding, or formed by
recesses or grooves made in the tissue. The shape of
the pleats is adapted to achieve a global shape of the
desired type for said position.

[0032] Alternatively, the guiding means are made of
strengthening struts, preferably at least three, incorpo-
rated in the tissue in combination or not with said pleats.
[0033] The guiding means and, in particular, the
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strengthening struts, help to prevent the valvular tissue
from collapsing back too much and to reverse inside the
left ventricle through the base of the frame, preventing
the risk of blood regurgitation.

[0034] Said valvular tissue is made of pencardium.
This material is Commonly used in cardiac surgery and
is quite resistant, particularly to folding movements due
to the inceasing systolo-diastolic movements of the val-
vular tissue and particularly at the junction with the frame
of the implantable valve.

[0035] The valvular structure is fastened along a sub-
stantial portion of an expandable frame, by sewing, by
molding or by gluing to exhibit a tightness sufficiently her-
metical to prevent any regurgitation of said body fluid
between the frame and the valvular structure.

[0036] Aninternalcoverissutured tothevalvularstruc-
ture and placed between said valvular structure and the
internal wall of the frame to prevent any passage of the
body fluid through said frame. Therefore, there is no re-
gurgitation of blood as it would be the case if there were
any space between the valvular structure fastened on
the frame and the zone of application of the frame on the
gortic annulus. The internal cover makes a sort of
"sleeve" at least below the fastening of the valvular struc-
ture covering the internal surface of the frame and thus
prevents any regurgitation of blood through the frame.
[0037] Inthe presentinvention, the frame is a substan-
tially cylindrical structure capable of maintaining said
body channel open in its expanded state and supporting
said collapsible valvular structure.

[0038] In a preferred embodiment of the invention, the
frame is made of a material which is distinguishable from
biological tissue to be easily visible by non invasive im-
aging techniques.

[0039] Said frame is a stainless metal structure made
of intercrossing, preferably with rounded and smooth lin-
ear bars. This frame is strong enough to resist the recoil
phenomenon of the fibrous tissue of the diseased valve.
The size of the bars and their number are determined to
give both the maximal rigidity when said frame is expand-
ed and the smallest volume when the frame is com-
pressed.

[0040] More preferably, the frame has projecting
curved extremities and presents a concave shape. This
is aimed at reinforcing the embedding and the locking of
the implantable valve in the distorted aortic orifice.
[0041] In a preferred example, the IV is made in two
parts, a first reinforced frame coupled with a second
frame which is made of thinner bars than said first frame
and which is embedded inside the second frame. This
second frame to which the valvular structure is fastened
as described above, is preferably less bulky than the first
frame to occupy as little space as possible and to be
easily expanded using low pressure balloon inflation.
[0042] The presentdescription also discloses adouble
balloon catheter to separately position the first frame in
the dilated stenosed aortic valve and place the second
frame that comprises the valvular structure. This catheter
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comprises two balloons fixed on a catheter shaftand sep-
arated by few centimeters.

[0043] Thefirst balloon is of the type sufficiently strong
to avoid bursting even at a very high pressure inflation
and is aimed at carrying, in its deflated state, a strong
frame aimed at scaffolding the previously dilated sten-
osed aortic valve. The second balloon is aimed at carry-
ing the second frame with the valvular structure.

[0044] An advantage of this double balloon catheter is
thateach balloon has an externaldiameterwhichis small-
er than known balloons since each element to be ex-
panded is smaller.

[0045] Moreover, such a double balloon catheter al-
lows to enlarge the choice for making an efficient valvular
structure enabling to overcome the following two contra-
dictory conditions:

1) having a soft and mobile valvular structure capa-
ble of opening and closing freely in the blood stream,
without risk of being damaged by balloon inflation;
and

2) needing a very strong structure able to resist the
recoil force of the stenosed valve and capable of
resisting, without any damage, a strong pressure in-
flation of the expanding balloon.

[0046] Furthermore, the shaft of said double balloon
catheter comprises two lumens for successive and sep-
arate inflation of each balloon. Of note, an additional lu-
men capable of allowing a rapid inflation takes additional
room in the shaft.

[0047] The description also discloses a method of us-
ing a two-balloon catheter with a first frame and second
frame to which a valve prosthesis of the type previously
described is fastened.

DESCRIPTION OF THE DRAWINGS

[0048] The invention will now be explained and other
advantages and features will appear with reference to
the accompanying schematical drawings wherein :

- Figures 1a, 1b and 1c illustrate, in section views,
respectively, the normal aortic valve in systole, in
diastole and a stenosed aortic valve;

- Figures 2a and 2b illustrate two examples of a me-
tallic frame which are combined to a valvular struc-
ture according to the present invention;

- Figures 3a and 3b illustrate a frame according to the
invention in its expanded position with an opening
out of the extremities, respectively, with a cylindrical
and a concave shape;

- Figures 4a and b illustrate an IV respectively in its
compressed position and in its expanded position in
an open position as in systole;

- Figures 5a and 5b illustrate respectively an IV in its
closed position and a sectional view according to the
central axis of such a valvular structure which is
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closed as in diastole;

- Figures 6a to 6d illustrate a sectional view according
to the central axis of an IV according to the present
invention and showing the internal cover and the ex-
ternal cover of the valvular structure overlapping par-
tially or non overlapping the frame bars;

- Figure 7 illustrates the frontal zig-zag fastening line
of the valvular tissue on the frame;

-  Figures 8aand 8billustrate, respectively, a perspec-
tive view of a valvular structure and an internal cover
made all of one piece and a perspective view of the
corresponding frame into which they will be inserted
and fastened;

- Figures 9a and 9b illustrate inclined strengthening
struts, an example of a valvular structure, respec-
tively in the open position and in the closed position;

- Figures 10a and 10b illustrate an example of a val-
vular structure comprising pleats, respectively in the
open and in the closed position;

- Figures 11 a and 11 b illustrate a valvular structure
comprising two trapezoidal slightly rigid portions, re-
spectively in the open and in the closed position;

- Figures 11cto 11eillustrate a valvular structure com-
prising a rectangular stiffened zone, respectively in
the open, intermediate and closed position;

- Figures 12a and 12b illustrate, respectively, a per-
spective and cross sectional views of an implantable
valve in its compressed presentation squeezed on
a balloon catheter;

- Figures 13a to 13l illustrate views of the successive
procedure steps for the IV implantation in a stenosed
aortic orifice;

- Figure 14 illustrate an implantable valve made in two
parts in its compressed presentation squeezed on a
two-balloon catheter with a reinforced frame on a
first balloon and with the implantable valve on the
second balloon; and

- Figures 15a to 15f illustrate the successive steps of
the implantation of the implantation valve in two parts
with a two-balloon catheter,;

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0049] Inthediastole andsystoleillustrations of section
views of Figures 1a and 1b, the arrows A indicates the
general direction of the blood flow. The semi-lunar leaf-
lets 1 and 2 of a native aortic valve (with only two out of
three shown here) are thin, supple and move easily from
the completely open position (systole) to the closed po-
sition (diastole). The leaflets originate from an aortic an-
nulus 2a.

[0050] The leaflets 1° and 2’ of a stenosed valve as
illustrated in Figure 1c. are thickened, distorted, calcified
and more or less fused, leaving only a small hole or a
narrow slit 3, which makes the ejection of blood from the
left ventricle cavity 4 into the aorta 5 difficult and limited.
Figures 1a to 1c show also the coronary artery ostium
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6a and 6b and Figure 1a shows, in particular, the mitral
valve 7 of the left ventricle cavity 4.

[0051] Animplantable valve according to the invention
essentially comprises a supple valvular structure sup-
ported by a strong frame. The positioning of the implant-
able valve is an important point since the expanded frame
has to be positioned exactly at the level of the native
valvular leaflets 1, 2 of the native valve, the structures of
which are pushed aside by the inflated balloon.

[0052] Ideally, the implantable valve is positioned with
the fastening line of the valvular structure on the frame
exactly on the remains of the crushed stenosed valve to
preventany regurgitation of blood. In practice, itis difficult
to position the implantable valve within less than 2 or 3
mm. However, any risk of regurgitation of blood is elim-
inated with the presence of an internal cover, as will be
described below.

[0053] The upper limit of the frame should be placed
below the opening of the coronary arteries, i.e., the cor-
onary ostia 6, or at their level so that the frame does not
impede free blood flow in the coronary arteries. This point
is a delicate part of positioning an IV since the distance
between the superior limit of the leaflets of the natural
valve and the coronary ostia 6 is only about 5 to 6 mm.
However, the ostia are located in the Valsalva sinus 8
which constitutes a hollow that are located a little out of
the way. This helps to prevent from impeding the coro-
nary blood flow by the IV.

[0054] At the time of implantation, the operator evalu-
ates the exact positioning of the coronary ostia by looking
at the image produced by a sus-valvular angiogram with
contrast injection performed before the implantation pro-
cedure. This image will be fixed in the same projection
on a satellite TV screen and will permit the evaluation of
the level of the origin of the right and left coronary arteries.
Possibly, in case the ostia are not clearly seen by sus-
valvular angiography, a thin guide wire, as those used in
coronary angioplasty, is positioned in each of the coro-
nary arteries to serve as a marker of the coronary ostia.
[0055] The lower part of the frame of the IV preferably
extends by 2 or 3 mm inside the left ventricle 4, below
the aortic annulus 2a. However, this part of the frame
should not reach the insertion of the septal leaflet of the
mitral valve 7, so that it does not interfere with its move-
ments, particularly during diastole.

[0056] Figures 2a and 2b show respectively an exam-
ple of a cylindrical frame 10 comprising intercrossing lin-
ear bars 11, with two intersections | by bar 11, the bars
11 being soldered or provided from a folded wire to con-
stitute the frame, with for instance a 20 mm, 15 mm or
12 mm height, and an example with only one intersection
of bars 11. Preferably, such a frame is expandable from
a size of about 4 to 5 millimeters to a size of about 20 to
25 mm in diameter, or even to about 30-35 mm (or more)
in particular cases, for instance for the mitral valve. More-
over, said frame, in its fully expanded state, has a height
of approximately between 10 and 15 mm and in its fully
compressed frame, a height of approximately 20 mm.
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The number and the size of the bars are adapted to be
sufficiently strong and rigid when the frame is fully open
in the aortic orifice to resist the strong recoil force exerted
by the distorted stenosed aortic orifice after deflation of
the balloon used in the catheterization technique which
has been previously maximally inflated to enlarge the
stenosed valve orifice;

[0057] The frame may have several configurations ac-
cording to the number of bars 11 and intersections. This
number, as well as the size and the strength of the bars
11, are calculated taking into account all the require-
mentsdescribed, i.e., asmallsize inits compressed form,
its capacity to be enlarged up to at least 20 mm in diam-
eter and being strong when positioned in the aortic orifice
to be able to be forcefully embedded in the remains of
the diseased aortic valve and to resist the recoil force of
the aortic annulus. The diameter of the bars is chosen,
in the range of 0.1-0.6 mm.

[0058] A frame particularly advantageous presents,
when deployed in its expanded state, an opening out 12
at both extremities as shown in Figures 3a and 3b, the
frame having a linear profile (Figure 3a) or a concave
shape profile (Figure 3b). This is aimed at reinforcing the
embedding of the IV in the aortic orifice. However, the
free extremities of the openings 12 are rounded and very
smooth to avoid any traumatism of the aorta or of the
myocardium.

[0059] The structure of a preferred frame used in the
present invention both maintains the aortic orifice fully
open once dilated and produces a support for the valvular
structure. The frame is also foldable. When folded by
compression, the diameter of said frame is about 4 to 5
millimeters, in view of its transcutaneous introduction in
the femoral artery through an arterial sheath of 14 to 16
F (F means French, a unit usually used in cardiology
field) i.e., about4.5to 5.1 mm. Also, as described below,
when positioned in the aortic orifice, the frame is able to
expand under the force of an inflated balloon up to a size
of 20 to 23 mm in diameter.

[0060] The frame is a metallic frame, preferably made
of steel. It constitutes a frame with a grate type design
able to support the valvular structure and to behave as
a strong scaffold for the open stenosed aortic orifice.
[0061] Whentheframe isfully expanded, itsintercross-
ing bars push against the remains of the native stenosed
valve that has been crushed aside against the aortic an-
nulus by the inflated balloon. This produces a penetration
and embeds the bars within the remains of the stenosed
valve, in particular owing to a concave profile of the frame
provided with an opening out, as illustrated in Figure 3b.
This embedding of the frame on the aortic annulus, or
more precisely on the remains of the crushed distorted
aortic valve, will be determinant for the strong fixation of
the IV in the right position, without any risk of displace-
ment.

[0062] Moreover, the fact that the valve leaflets in de-
generative aortic stenosis are grossly distorted and cal-
cified, sometimes leaving only a small hole or a small slit
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in the middle of the orifice, has to be considered an ad-
vantage for the implantation of the valve and for its stable
positioning without risk of later mobilization. The fibrous
and calcified structure of the distorted valve provides a
strong base for the frame of the IV and the powerful recoil
phenomenon that results from elasticity of the tissues
contribute to the fixation of the metallic frame.

[0063] The height of the fully expanded frame of the
illustrated frames 10 is preferably between 10 and 15
mm. Indeed, since the passage from the compressed
state to the expanded state results in a shortening of the
metallic structure, the structure in its compressed form
is a little longer, i.e., preferably about 20 mm length. This
does not constitute a drawback for its transcutaneous
introduction and its positioning in the aortic orifice.
[0064] As mentioned above, the frame is strong
enough to be able to oppose the powerful recoil force of
the distended valve and of the aortic annulus 2a. Prefer-
ably it does not possess any flexible properties. When
the frame has reached its maximal expanded shape un-
der the push of a forcefully inflated balloon, it remains
substantially without any decrease in size and without
any change of shape. The size of the bars that are the
basic elements of the frame is calculated in such a way
to provide a substantial rigidity when the frame is fully
expanded. The size of the bars and their number are
calculated to give both maximal rigidity when expanded
and the smallest volume when the metallic frame is its
compressed position.

[0065] At the time of making the IV, the frame is ex-
panded by dilatation to its broadest dimension, i.e., be-
tween 20 mm and 25 mm in diameter, so as to be able
to fasten the valvular structure on the inside side of its
surface. This fastening is performed using the techniques
in current use for the making of products such as other
prosthetic heart valves or multipolars catheters etc. Af-
terwards, it is compressed in its minimal size, i.e., 4 or 5
mm, in diameter in view of its introduction in the femoral
artery. Attime of the IV positioning, the frame is expanded
again by balloon inflation to its maximal size in the aortic
orifice.

[0066] If the frame is built in an expanded position, it
will be compressed, after fastening the valvular structure,
by exerting a circular force on its periphery and/or on its
total height until obtaining the smallest compressed po-
sition. If the frame is built in its compressed position, it
will be first - dilated, for instance, by inflation of a balloon
and then compressed again as described above.
[0067] To help localizing the IV, the frame being the
only visible component of the valve, the shaft of the bal-
loon catheter on which will be mounted the IV before
introduction in the body (see below) possesses prefer-
entially metallic reference marks easily seen on fluoros-
copy. One mark will be at level of the upper border of the
frame and the other at the level of the lower border. The
IV, when mounted on the catheter shaft and crimpled on
it, is exactly positioned taking into account these refer-
ence marks on the shaft.
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[0068] Accordingly, the frame is visible during fluoros-
copy when introduced in the patient’'s body. When the
frame is positioned at the level of the aortic annulus, the
upper border of the frame is placed below the coronary
ostia. Furthermore, the implanting process during which
the balloon inflation completely obstructs the aortic ori-
fice, as seen below, is performed within a very short time,
i.e., around 10 to 15 seconds. This also explains why the
frame is clearly and easily seen, without spending time
to localize it. More particularly, its upper and lower bor-
ders are clearly delineated.

[0069] Figures 4a and 4b show an example of an IV
13, respectively in its compressed position, in view of its
introduction and positioning in the aortic orifice, and in
its expanded and opened (systole) position. Figures 5a
and 5b show the expanded position of this example
closed in diastole, respectively in perspective and in a
crossed section view along the central axis X’X of the
valve prosthesis.

[0070] The valvular structure 14 is compressed inside
the frame 10 when this is in its compressed position (Fig-
ure 4a), i.e., it fits into a 4 to 5 mm diameter space. On
the other hand, the valvular structure can expand (Figure
4b) and follow the frame expansion produced by the in-
flated balloon. It will have to be able to reach the size of
the inside of the fully deployed frame.

[0071] The illustrated IV 13 is made of a combination
of two main parts:

1) the expandible but substantially rigid structure
made of the frame 10, a metallic frame in the exam-
ple; and

2) a soft and mobile tissue constituting the valvular
structure 14 exhibiting a continuous surface truncat-
ed between a base 15 and an upper extremity 16;
the tissue is fastened to the bars 11 of the frame at
its base 15 and is able to open in systole and to close
in diastole at its extremity 16, as the blood flows in
a pulsatile way from the left ventricle towards the
aorta.

[0072] Thetissue hasrectilinear struts 17 incorporated
in it in plane including the central axis X’X, in order to
strengthen it, in particular, in its closed state with a min-
imal occupation of the space, and to induce a patterned
movement between its open and closed state. Other ex-
amples of strengthening struts are described below. They
are formed from thicker zones of the tissue or from strips
of stiffening material incorporated in the tissue; they can
also beglued or soldered on the valvular tissue.

[0073] These strengthening struts help to prevent the
valvulartissue from collapsing back too much and to evert
inside the left ventricle through the base of the frame.
These reinforcements of the valvular tissue help maintain
the folded tissue above the level of the orifice during di-
astole, prevent too much folding back and risk of inver-
sion of the valvular structure inside the left ventricle. By
also preventing too much folding, a decrease of the risk
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of thrombi formation can also be expected by reducing
the number of folds.

[0074] The truncated shape forming a continuous sur-
face enables to obtain a strong structure and is more
efficient for the systolo-diastolic movements of the val-
vular tissue during heart beats. The truncoidal shape fa-
cilitates the closure of the valve structure at the beginning
ofdiastole in facilitating the start of the reverse movement
of the valvular tissue towards its base at the time of di-
astole, i.e., at the time of flow reversal at the very begin-
ning of diastole. During diastole, the valvular structure
14 thus falls down, folding on itself, thereby collapsing
on its base, and therefore closing the aortic orifice. In
fact, the valvular structure has preferably, as illustrated,
an hyperboloid shape, with a curvature on its surface
concave towards the aortic wall that will contribute to in-
itiating its closure.

[0075] Moreover, the basis of the truncated hyperbo-
loid is fixed on the lower part of a frame and the smallest
extremity of the truncated hyperboloid is free in the blood
stream, during the respected closing and opening phasis.
[0076] An important advantage of this hyperboloidal
shape is that the upper extremity 16 of the valvular struc-
ture 14 can remain at a distance from the coronary ostia
during systole as well as during diastole, because of its
smaller diameter, thus offering an additional security to
make certain that the passage of blood from aorta to the
coronary ostia is not impeded.

[0077] The base 15 of the truncated tissue is attached
on the frame 10 along a line of coupling 18 disposed
between the inferior fourth and the third fourth of the
frame in the example. The upper extremity 16, with the
smaller diameter, overpasses the upper part of the frame
by a few millimeters; 6 to 8 mm, for instance. This gives
the valvular structure a total height of about 12 to 15 mm.
[0078] The upper extremity 16 of the truncated tissue,
i.e., the smaller diameter of the hyperboloidal structure
14, is about 17 to 18 mm in diameter (producing a 2.3 to
2.5 cm? area opening) for a 20 mm diameter base of the
truncated structure, or 19 to 20 mm in diameter (produc-
ing a 2.8 or a 3 cm? area opening) for a 23 mm diameter
base. An opening area around 2 cm? or slightly above,
gives satisfactory results, particularly in elderly patients
who would not reasonably need to exert high cardiac
output.

[0079] For instance, in the present example, the line
of fastening of the base of the truncated tissue on the
frame will have to expand from a 12.5 mm perimeter (for
a 4 mm external diameter of the compressed IV) to a 63
mm perimeter (for a 20 mm external diameter of the ex-
panded IV), orto a 72 mm perimeter (for a23 mm external
diameter, in case a 23 mm balloon is used).

[0080] Another advantage of this truncated continuous
shape is that it is stronger and has less risk of being
destroyed or distorted by the forceful balloon inflation at
the time of IV deployment. Also, if the truncated hyper-
boloidal shape is marked, for instance, with a 16 or 17
mm diameter of the upper extremity as compared to a
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20 mm diameter of the base (or 18 to 20 mm for 23 mm),
the smaller upper part is compliant during balloon infla-
tion in order to enable the balloon to expand cylindrically
to its maximal 20 mm diameter (or 23 mm). This is made
possible by using a material with some elastic or compli-
ant properties.

[0081] The valvular structure of the invention, as
shown in the illustrated example, includes advanta-
geously a third part, i.e., the internal cover 19 to be fixed
on the internal wall of the frame 10. This internal cover
prevents any passage of blood through the spaces be-
tween the bars 11 of the frame in case the implantable
valve would be positioned with the fastening line of the
valvular structure on the frame not exactly on the remains
of the dilated aortic valve, i.e., either above or below. It
also strengthens the fastening of the valvular structure
14 to the frame 10.

[0082] In the different sectional views of the different
examples of IV as illustrated at Figures 6a to 6¢, the in-
ternal cover 19 covers the totality of the internal side of
the frame 10 (Figure 6a), only the lower part of the frame
10 according to the invention (figure 6b), or it can addi-
tionally cover partially 3 to 5 mm as shown in the passage
of blood from aorta to the coronary ostia Figure 6¢c, the
upper part defined above the coupling line 18 of the val-
vular structure.

[0083] For instance, such an extension of the internal
cover 19 above the fastening line 18 of the valvular struc-
ture will give another security to avoid any risk of regur-
gitation through the spaces between the bars 11 in case
the IV would be positioned too low with respect to the
border of the native aortic valve.

[0084] The internal cover can also be molded to the
valvular structure or casted to it which therefore consti-
tutes an integral structure. The valvular structure and the
internal cover are therefore strongly locked together with
minimum risk of detachment of the valvular structure
which is unceasingly in motion during systole and dias-
tole. In that case, only the internal cover has to be fas-
tened on the internal surface of the frame which renders
the making of the IV easier and makes the complete de-
vice stronger and more resistant. In particular, the junc-
tion of the mobile part of the valvular structure and the
fixed part being molded as one piece is stronger and
capable to face the inceasing movements during the sys-
tolo-diastolic displacements without any risk of detach-
ment.

[0085] The presence of the internal cover makes an
additionallayer of plastic material thatoccupies the inside
of the frame and increases the final size of the IV. There-
fore, in the case in which the internal cover is limited to
the inferior part of the frame (that is, below the fastening
line of the valvular structure), it does not occupy any ad-
ditional space inside the frame. Here also, it is more con-
venient and safer to make the valvular structure and this
limited internal cover in one piece.

[0086] Inother aspects, to prevent any regurgitation of
blood from the aorta towards the left ventricle during di-
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astole, the base of the valvular structure is preferably
positioned exactly at the level of the aortic annulus
against the remains of distorted stenosed valve pushed
apart by the inflated balloon. Therefore, there is no pos-
sibility of blood passage through the spaces between the
metallic frame bars 11 below the attachment of the val-
vular structure.

[0087] However, to avoid any risk of leaks, the part of
the frame below the fastening of the valvular structure
(about 3 to 5 mm) is covered by an internal cover which
is made with the same tissue as the valvular structure.
Thus, there would be no regurgitation of blood which is
apossibility when there is any space between the valvular
structure fastened on the metallic frame and the line of
application of the frame on the aortic annulus. The inter-
nal cover makes a sort of "sleeve" below the fastening
of the valvular structure on the internal surface of the
frame, covering the spaces between the frame bars of
the frame at this level, thus preventing any regurgitation
of blood through these spaces.

[0088] The internal cover can also have another func-
tion, i.e., it can be used to fasten the valvular structure
inside the frame, as described below.

[0089] At Figure 6d, the internal cover 19 is extended
atits lower end 19’ to an external cover 19" which isrolled
up to be applied on the external wall of the stent 10. The
internal and external cover are molded, glued or soldered
to the bars of the stent 10.

[0090] The coupling process of the valvular structure
ontheframeisofimportance sinceithas to be very strong
without any risk of detachment of the valvular structure
from the frame during millions of heart beats with pulsatile
blood flow alternatively opening and closing the valvular
structure.

[0091] The valvular structure of the invention folds to
a very small size inside the frame in the compressed
position of the valve and is expandable up to 20 to 23
mm diameter. Also, the valvular structure can resist the
strong force exerted by the maximally inflated balloon
that will powerfully squeeze it against the bars of the
frame or against the internal cover, this one being
squeezeddirectly against the bars of the frame. The junc-
tion zone is also particularly subjected to very strong
pressure exerted by the inflated balloon. Furthermore,
this junction zone must not tear or break off during ex-
pansion of the balloon. At this time, each part of the junc-
tion zone is squeezed against the bars but nonetheless
follows the expansion of the frame.

[0092] As shown in Figure 7, the junction zone is, for
example, a fastening line 20 which follows the design of
a "zig-zag" line drawn by the intercrossing bars 11 of the
frame on the internal cover 19.

[0093] The fastening of the valvular structure to the
frame is made by sewing the internal and/or the external
cover to the bars. To prevent any leakage of blood, stitch-
es are preferably numerous and very close to each other,
either as separated stitches or as a continuous suture
line. Also, the stitches are made directly around the bars
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11. Furthermore, since the valvular structure is expanded
together with the metallic frame, the stitches, if made as
a continuous suture line, are also able to expand at the
same time.

[0094] Accordingto anexample, the fastening process
can also be made by molding the base of the valvular
structure on the frame. At this level, the bars 11 are im-
bedded in the coupling line of the valvular structure 14.
This mold way also concerns the internal cover 19, when
it goes below the coupling line 14 on the frame over few
millimeters, for example, 2 to4 mm. As mentioned above,
this is intended in order to prevent any regurgitation of
blood just below the lower part of the valvular structure
14 in case the frame 10 would not be exactly positioned
on the aortic annulus but at few millimeters away.
[0095] The fastening process as examples can further
be made by gluing or soldering the valvular structure on
the bars with sufficiently powerful biocompatible glues.
The same remark can be made concerning the internal
cover of the frame below the coupling line of the valvular
structure.

[0096] Also, this allows the coupling line to follow the
frame changes from the compressed position to its ex-
panded one.

[0097] The valvular structure can also be fastened on
the internal cover previously fixed at the total length of
the internal surface of the metallic frame. The internal
cover constitutes therefore 