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Docket No. 51458.010100 

CONTINUATION IN PART 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION 

TO WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, have invented a new and useful percutaneously implantable 

replacement heart valve device and method of making same, of which the following is 

the Specification. 

CONTINUITY INFORMATION 

This Application is a continuation in part of U.S. non-provisional patent application serial 

number 10/037 ,266 filed on January 4, 2002. The Applicants hereby claim the benefit 

under 35 U.S.C. §120 based on said application. 
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BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

The present invention is in the field of heart valve replacement. More 

specifically, the present invention is directed to a percutaneously implantable 

replacement heart valve and method of making same. 

[0002] 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. 

[0003] 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. 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. 

[0004] 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 
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"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. 

[0005] 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 diseased 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. 

[0006] 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 ventricular cavitary pressure. This causes the mitral valve 

to close while the aortic valve opens, allowing the oxygenated blood to be ejected 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. 

3 
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[0007] 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. 

[0008] 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.e., the systemic circulation side} of the heart, embolization 

may occur, resulting in sudden loss of the blood supply to the affected 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 

4 
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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. 

[0009] 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 percutaneously 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 balloon 
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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. 

[001 0] 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. 

[0011] 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. 

[0012) 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. 

[0013] 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. 

[0014] 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. 
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[0015] 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 

pericardia! sac of cows or pigs and sewing them to a stent. The porcine or bovine 

tissue is chemically 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. 

[0016] 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 pericardia! 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 oocurs in a native valve. 

[0017] A different approach to creating artificial tissue valves is described in U.S. Patent 

Nos. 5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting 
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die, the pericardia! 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. 

(0018] U.S. Patent 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. 

(0019] U.S. Patent 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 lie 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. 

(0020] 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, 
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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. 

(0021) 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 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 pericardia! 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 

(0022) 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 
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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. 

[0023] 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 either be self-expanding or the stent can be expandable through use of a balloon 

catheter. 

[0024] 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 
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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 homogeneous 

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 gluteraldehyde, 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 

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 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. 
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[0025] 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0026] 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. 

(0027] Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart 

valve of the present invention in one embodiment. 

(0028) Figs. 3A and 38 depict a preferred procedure for folding the pericardium tissue 

starting material to create the replacement heart valve of the present invention. 

(0029] 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. 

(0030) 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. 
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(0031) 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. 

(0032) Fig. 7 depicts the suture points of one embodiment of the replacement heart 

valve device of the present invention. 

(0033) Fig. 8 depicts the implantation/delivery system used with the present invention in 

a preferred embodiment. 

[0034) Figs. 9A, 98 and 9C depicts a representation of a sheet of biocompatible valve 

material showing preferred folds. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

(0034) The present invention comprises a percutaneously 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 
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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. 

[0035] 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 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 

expand.ed configuration, as seen in FIG. 5. 

Stent Member 

[0036] 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 
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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 

r~siliently self-expandable to the shape shown in FIG. 5. 

[0037) 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 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. 

[0038) 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 
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approximately 50 mm. The purpose of the stent is to maintain a semi-rigid patent 

channel through the diseased cardiac valve following its implantation. 

[0039] 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. 

[0040] 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 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 

[0041] 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 
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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. 

[0042] 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 38 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 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, 98, 

and 9C, with flat sheet on a table, a person facing the sheet would create a cuff at the 
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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 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. 
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Method of Making Replacement Heart Valve Device 

[0043] 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%, 

ethanol of about 70-100% glycerol and gluteraldehyde 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 

homogeneous 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 38 and/or FIGS. 9A, 98 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. 

[0044] 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 

19 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 23 of 1441



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. 

(0045] 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 homogeneous 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 free 
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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 

(0046) 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 each 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 each 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. 

(0047) 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 gluteraldehyde 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 gluteraldehyde. The use of metallic clips to 

keep both cusps adjacent to each other after 24 hours of fixation in gh,Jteraldehyde 

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. 

(0048) 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 

[0049) The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the percutaneous and transluminal removal of the 

diseased or defective heart valve and the percutaneous 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 percutaneously 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 
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flow of fluid is desired to prevent embolization of material into the coronary arteries 

during the procedure. Once the 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. 

(0050] The delivery and implantation system of the replacement artificial heart valve of 

the present invention percutaneously 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 41 O 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 41 O 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 
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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 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. 

[0051] 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. 8, 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 brachia! or femoral artery using a needle or exposing the 

artery surgically; placing a guide wire 450 through the entry vessel and advancing it to 
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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 baloon expandable stent can alternately be used to deliver the valve 

to its desired position. At this point, a pigtail catheter is advanced over the wire and an 

aortogram is performed to assess the competency of the valve. 

(0052] 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. 

[0053] 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 percutaneously 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 
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expansion. At this point, a pigtail catheter is advanced over the wire and repeat 

aortogram is performed to assess the competency of the valve. 

(0054] 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 either aortic valvuloplasty or cutting and if this procedure induces 

aortic insufficiency the stented valve is placed to prevent the regurgitation. 

(0055] lntravascular 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. 

(0056] 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 
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devices outweigh the disadvantages of mechanical valves. Anticoagulation may be 

beneficial in certain clinical situations for either short or long term use. 

[0057] This method of percutaneous endovascular heart-valve replacement, in contrast 

to open heart surgi~I 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. 

[0058] 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 

Having thus described the invention, 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 percutaneously 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 percutaneously implantable replacement heart valve device of claim 

1, wherein said biocompatible tissue material of said artificial valve comprises mammal 

pericardium tissue. 

4. The percutaneously implantable replacement heart valve device of claim 

1, wherein said biocompatible tissue material of said artificial valve comprises porcine 

pericardium tissue. 

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 
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autologous tissue obtained from the patient into whom said replacement heart valve 

device will be implanted. 

7. The percutaneously implantable heart valve device of claim 1, wherein 

said biocompatible tissue material of said artificial valve comprises a synthetic 

biocompatible material. 

8. The percutaneously 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. The percutaneously implantable heart valve device of claim 1, wherein 

said stent member is self-expanding when implanted. 

10. The percutaneously implantable heart valve device of claim 1, wherein 

said stent member is balloon catheter expandable when implanted. 

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 gluteraldehyde. 
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12. The method of making a percutaneously implantable replacement heart 

valve device of claim 11, wherein said soaking step comprises soaking said 

biocompatible tissue material in a solution of isopropyl 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. 

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 percutaneously implantable heart valve device of claim 11, wherein 

said biocompatible tissue material of said artificial valve comprises a synthetic 

biocompatible material. 

18. The percutaneously implantable heart valve device of claim 17, wherein 

said synthetic biocompatible material is selected from the group consisting of 

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

20. The method of making a percutaneously 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 percutaneously implantable replacement heart 

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

material. 

24. The method of making a percutaneously 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 percutaneously implantable replacement heart 

valve of claim 11, wherein said drying step comprises photomechanical compression of 

said biocompatible tissue material. 

26. The method of making a percutaneously 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 
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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 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 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. 

30. A percutaneously 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. 

32 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 36 of 1441



33. 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 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 

The present invention comprises a percutaneously implantable replacement 

heart valve device and a method of making same. The replacement heart valve device 

comprises a stent member made of stainless steel or self-expanding nitinol, a biological 

tissue artificial valve means disposed within the inner space of the stent member. An 

implantation and delivery system having a central part which consists of a flexible 

hollow tube catheter that allows a metallic wire guide to be advanced inside it. The 

endovascular stented-valve is created from a glutaraldehyde fixed biocompatible tissue 

material which has two or three cusps that open distally to permit unidirectional blood 

flow. The present invention also comprises a novel method of making a replacement 

heart valve by taking a fragment of biocompatible tissue material and treating, drying, 

folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp valve with 

the leaflets/cusps formed by folding, thereby eliminating the extent of suturing required, 

providing improved durability and function. 

\\MIA-SRVO 1 \ 1570069VO 1 
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Attorney Docket No.: 51458.010100 

UTILITV PATENT APPLICATION DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence post office and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint Inventor (if plural names are listed below) of the subject matter claimed and for which a 
patent is sought on the invention entitled percutaneously implantable replacement heart valve device and 
method of makjng same. the specification of which 

□ is attached hereto l&I was filed on January 4, 2002 as Application Serial No. 10/037,266 and was 
amended on ________ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information that is known to me to be material to patentability 
in accordance with Title 37, Code of Federal Regulations, Section 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below any 
foreign application for patent or inventor's certificate having a filing date before that of the application on 
which priority is claimed: 

Prior Foreign Appllcatlon(s): 

Priority Claimed 
Number Country Day/Month/Year Flied Yes No 

I hereby claim the benefit under Title 35, United States Code, Section 119 of United States 
provisional application(s), and/or Section 120 of any United States application(s) listed below and, insofar 
as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United States Code, Section 112, I 
acknowledge the duty to disclose material information as defined in Title 37, Code of Federal 
Regulations, Section 1.56(a) that occurred between the filing date of the prior application and the national 
or PCT international filing date of this application: 

Prior U.S. Appllcatlon(s): 

Serial No. FIiing Date Status: Patented, Pending, Abandoned 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief al'e believed to be true; and further that these statements 
were made with the knowledge th•t willful false statements and the like so made are punishable by fine or 
imprisonment, or both. under Section 1001 of Title 18 of the United States Code and that such wllHul false 
statements may jeopardize the validity of the application or any patent issued thereon. 

of 

I hereby appoint the following attomey(s) and/or agent(s): 

Manuel R. Valcarcel, 1v Reg Ng 41 360 

ADDRESS: 

GREENBERG TRAURIG, P.A. 
1221 Brickell Avenue 
Miami, Florida 33131 

with full power ot substitution and 1'8"1ocation, to prosecute this application and to transact all business in 
the Patent and Trademark: Office connected therewith, and all future correspondence should be 
addressed to him. 

Full name of first joint inventor. David Paniagua 

lmrentots signature: Date: 

Citizenship: Costa Rica ' 

Post office address: same as above 

Full name of second joint inventor: Eduardo lnduni 

Inventor's signature: Date: _____ . 2003 

Address: ------~~--------

Citizenship; Costa Rica 

Post office address: same aa above 
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wt,. fflldt With ttw ~w1te10• "* WI ' ""' .. m,rat, tnd the lb IO made .,. punlthlbll by fin• or 
lmprteonmtnt. or i:,-,, ~• Stotion 1 Oflltlt 1 e Of the United StttM COdt and tnet •I.ICh wmu1 fllM 
ltlteffllntl ffllY j411operdlae the Vllldlly. 1he ,ppllcatlon CJr any J)ettnt iHUld thereon. 

Of 

Aco.-ees: 

GREENSE~<l TAAUt G, P.A. 
1221 $rtcktll t\wni.; 
Miam~ Flotlda 13111 

with twl PQ\Wt' d IYbll/tutlOn Ind rt on, 10 proHCuft thlt appllca11on Ind 10 tranllCt Ill bc.llll'IIM ,,, 
tnl PMlrlt 1nct Trldlrnllic f'JfflCe nlClted tt•rwtth, Ind 1n fl.ltura oorr91Pondtnol tl'IOL.lld bt 
eddf'M111dlol'MITI. ---· ................ ~.............. . .... ,, .................. ............ 
P'LII nlf'MI Dfflrttj04nt lnv_,tor. OIVICI 

A 

Ip: 

FUI ,.,,. of NOOflCI JOIIW lnventDr: I! . 
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Fu~jo~~il 
Inventor's signature: Date: 4v41 vff: .L 2003 

Address: ](pOJ Gst P:<:q.ru,,e. A.,..iv-t #:,!15 
}--11q"'11 &c.& A.. 13 r'-(f 

Citizenship: C.Olanbia I 

Post office a:Jdress: SEIT18 as a»Je 

Full nane of fourth joint Inventor: Fran::.isa> Loi:,el..Jirnenez 

Da1e: ___ _,; 2003 

Address: _____________ _ 

Citizenship: Mexico 

~ offlm a;ldl'lll88: sane as aboYe 

Full rane of fifth joint inventor: R. David Fish 

Inventor's signature: Date: ___ _,; 2003 

Addre9G: _____________ _ 

CitizEnslip: U.S.A. 

Pea offioe oodress: saneai .:tiove 
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Full name of third joint inventor: Carlos Mejia 

Inventor's signature: Date: _____ , 2003 

Address: _________________ _ 

Citizenship: Colombia 

Post office address: same as above 

Full name of fourth joint inventor: Francisco Lopez-Jimenez 

Citizenship: 

Post office address: same as above 

Full name of fifth joint inventor: R. David Fish 

Inventor's signature: Date: _____ , 2003 

Address: _________________ _ 

Citizenship: U.S.A. 

Post office address: same as above 
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Full name of third joint inventor: Carlos Mejia 

Jnventor"s signature: Date: ___ _ . 2003 

Address: ~----------------

Citi2:enship: Colombia 

Post office address: same as above 

Full name of fourth joint inventor: Francisco Lopez~Jimenez 

Inventor's signature: Date: ____ _, 2003 

Address: ________________ _ 

Citizenship: Mexico 

Post office address'. same as above 

Full name of fifth joint inventor: R. David Fish 

tnve _, 2003 

Citi2:enship: U.S.A. 

Post office address: same as above 
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Docket No. _51458.010100 

CONTINUATION IN PART 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION 

TO WHOM IT MAY CONCERN: 

~A-1'l ~e='D f:;ott. (of-'.PA-A.tSo,J 

,o Ar Pl. I~. st;,A.. NI:),, 

to/ 037, 2..'G, 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, have invented a new and useful percutaneously implantable 

replacement heart valve device and method of making same, of which the following is 

the Specification. 

CONTINUITY INFORMATION 

This Application is a continuation in part of U.S. non-provisional patent application serial 

number 10/037 ,266 filed on January 4, 2002. The Applicants hereby claim the benefit 

under 35 U.S.C. §120 based on said application. 
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BACKGROUND OF THE INVENTION 

(0001) 1. Field of the Invention 

The present invention is in the field of heart valve replacement. More 

specifically, the present invention is directed to a percutaneously implantable 

replacement heart valve and method of making same. 

[0002) 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. 

(0003) 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. 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. 
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[0004) 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. 

[0005) 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 diseased 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. 

[0006) 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 ventricular cavitary pressure. This causes the 

mitral valve to close while the aortic valve opens, allowing the oxygenated blood to be 

ejected from the left ventricle into the aorta. The chordae tendineae of the mitral valve 
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prevent the mitral leaflets from prolapsing back into the left atrium when the left 

ventricular chamber contracts. 

(0007] 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. 

[0008] 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.e., the systemic circulation side) of the heart, embolization 

may occur, resulting in sudden loss of the blood supply to the affected body organ and 
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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. 

[0009] 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 percutaneously 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 

5 
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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 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. 

[0010) 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. 

[0011) 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. 

[0012] 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. 

[0013] 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. 

6 
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[0014] 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. 

(0015] 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 pericardia I sask1 ~ of cows or pigs and sewing them to a stent. The porcine 

or bovine tissue is chemically 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 3the pericardium usjng photo-mechanical compressjon 4in such 

a way that makes it possible to handle and fold the material5 more easily. 

[0016] 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 pericardia! 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 
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bisect (at a perpendicular angle) an imaginary line that crosses the peaks of the two 

papillary muscles, instead of lying roughly ~long that line as occurs in a native valve. 

[0017] A different approach to creating artificial tissue valves is described in U.S. 

Patent Nos. 5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a 

cutting die, the pericardia! 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. 

[0018] U.S. Patent 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. 

[0019] U.S. Patent 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 flexibie membrane extend distally in the 

vasculature. The flaps lie 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. 
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[0020] 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. 

[0021] 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 aortic valves have the gross appearance of native aortic valv~s, the 

fixation process (freezing with liquid nitrogen, and chemical treatment, respectively) 

alters the histologic characteristics of the valve tissue. Porcine and bovine pericardia! 

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 

[0022] The present invention is a replacement heart valve device and method of 

making same. The replacement heart valve device, in a preferred embodiment, 
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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. 

(0023] 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 bovine6mammaF pericardium.,.,,.J2L 

synthetic bjocompatible material8 which has two or three cusps that open distally to 

permit unidirectional blood flow. The stent can either be self-expanding or the stent can 

be expandable through use of a balloon catheter. 

10 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 68 of 1441



[0024] 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 an lipids from the perjcardium or other biocompatible membrane material and to 

cause protein denaturalization transforming the material into a stronger and more 

homogeneous 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 9it 

is placed in a solution10seguence of solutions one of isopropyl alcohol of about 70-

100% one of ethanol of about 70-100% one of glycerol and one11 of gluteraldehyde, 

preferably at a concentration of about 0.07 ::2.5,12% for approximately 36 hours, then the 

pericaFdium is transferred to a solution of ethanol, preferaely at a concentration of 

aeout 60% eefore making the \<al•.ie13 . 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 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 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 

11 
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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. 

(0025) 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 elderty 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026) 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. 
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(0027] Fig. 2 depicts the folds which form the leaflets or cusps of the replacement 

heart valve of the present invention in one embodiment. 

(0028] 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. 

(0029] 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. 

(0030] 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. 

(0031] 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. 

(0032] Fig. 7 depicts the suture points of one embodiment of the replacement 

heart valve device of the present invention. 

(0033] Fig. 8 depicts the implantation/delivery system used with the present 

invention in a preferred embodiment. 

(0034] Figs. 9A, 9B and 9C depicts a representation of a sheet of biocompatible 

valve material showing preferred folds. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

[0034] The present invention comprises a percutaneously implantable 

replacement heart valve and a method for making same. The artificial heart valve 
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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 oylindrioal14polygonal15 

shape in its compressed or collapsed configuration and a second, larger 

oylindrioal16polygonal17 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 21 0 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. 

[0035) 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 
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rest of the valve resembles the cuff of 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 

(0036] 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. 

[0037] 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. 
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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 0.01 O to 0.035 inches and still, 

preferably from about 0.012 to 0.025 inches. The diameter of the stent 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. 

(0038] 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 3018.6.0,19 mm. The purpose of the stent is to maintain a semi­

rigid patent channel through the diseased cardiac valve following its implantation. 

(0039] 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. 

(0040] 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 
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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 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 

(0041] 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 20alloy/metal foil sheet material and the like may be used. The preferred 

material for the valve means 200 is bo>1ine21 mammal22 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. 
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[0042) 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 38 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 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, 1.Jncut 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 

38. The inner leaflet layer is preferably attached to the outer cuff layer by curved_QL 

straight23 continuous suturing. Although a preferred embodiment of the invention 
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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 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 

[0043) 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 24placed in a25seguentjal26 solution21solutions28 of isopropyl 

alcohol of about zo-100% ethanol of about zo-100% glycerol and29 gluteraldehyde,30 

preferably at a concentration of about 0.07~31 % for about 36 hours, then the 
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pericardium is transferred to a solution of ethanol, preferably at a oonoentration of 

about 60% before making the valve32respectively33
• The material is-tReR34 preferably 

photomechanically compressed to remove lipids and produce protein coagulation to 

make the surface smoother and more compact and biocompatibte35 , decreasing the 

molecular distance of collagen fibers. The exposure to light and mechanical 

compression cause protein denaturation making the material stronger and more 

homogeneous and biocompatible36• 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 38 and/or FIGS. 9A, 98 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. 

[0044] 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 
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membrane, done for the purpose of giving greater strength and durability to the 

attachment points of the leaflet layer. 

[0045] In order to make the pericardium material less slippery and easier to fold, 

the pericardium is dried, preferably with artificial light using a eQ37mYJ1i38-watt lamp with 

the pericardium or other bjocompatible membrane39 material placed in a flat aluminum 

surface to dry it homogeneously. A photomechanical drying machine can also be used. 

The final result is a homogeneous 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 continuou~ 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 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 

[0046] 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 each border of the stent. Other 
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fixation schemes can be utilized, such as, by way of non-limiting example, fixation on 

both borders 18 points at each 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. 

(0047) 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 gluteraldehyde after mounting it in the stent. One observation noted is that 

the material becomes whiter and apparently increases its elasticity. 1mm vascular clips 

keep the cusps coapted while fixing them in gluteraldehyde. The use of metallic clips to 

keep both cusps adjacent to each other after 24 hours of fixation in gluteraldehyde 

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. 

[0048) Different suture materials can be used, including, in a preferred 

embodiment, prolono 640Prolene 1-0 to 841 -0 and Mersilene 6421-0 to 843-0 which is a 

braided suture. 

Implantation of Replacement Heart Valve Device 

(0049) The replacement heart valve device of the present invention is preferably 

used in surgical procedures involving the percutaneous and transluminal removal of the 

diseased or defective heart valve and the percutaneous 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 
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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 percutaneously 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 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 
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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. 

[0050] The delivery and implantation system of the replacement artificial heart 

valve of the present invention percutaneously 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 replacement heart valve device is completely 

pushed out of the catheter 400 and released from the catheter to allow the stent 
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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. 

[0051) 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. 8, 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 brachia! 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 baloon expandable stent can alternately be used to deliver 
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the valve to its desired posjtjon 44At this point, a pigtail catheter is advanced over the 

wire and an aortogram is performed to assess the competency of the valve. 

[0052] 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. 

[0053] 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 percutaneously 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. 

[0054] 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 
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subclavian artery. When the device is used to treat aortic stenosis, first the stenotic 

valve needs to be opened using either aortic valvuloplasty or cutting and if this 

procedure induces aortic insufficiency the stented valve is placed to prevent the 

regurgitation. 

[0055) lntravascular 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. 

[0056) 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. 
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[0057) This method of percutaneous 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. 

[0058) 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 

Having thus described the invention, 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 percutaneously 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 percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said artificial valve comprises 

bovine45mammal46 pericardium tissue. 

4. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said artificial valve comprises porcine 

pericardium tissue. 

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

implanted. 

7. The percutaneously implantable heart valve device of claim 1, wherein said 

biocompatible tissue material of said artificial valve comprises a synthetic biocompatible 

material. 

8. The percutaneously 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. The percutaneously implantable heart valve device of claim 1, wherein said 

stent member is self-expanding when implanted. 

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

stent member is balloon catheter expandable when implanted. 

11. A method of making a percutaneously implantable replacement heart valve 

device comprising the following steps: 

obtaining a sheet of biocompatible tissue material; 

soaking said biocompatible tisslle material in a glllteraldehyde sollltion;47 

transferring said biosompatiele tisslle material from said glllteraldehyde 

sollltion to an ethanol. sollltion;48 

drying said biocompatible tissue material; 

folding said dried biocompatil:>le 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-:-49.JlUd.50 
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soaking said biocornpatible tissue material in one or more alcohol solutions 

and a solution of glutera!dehyde 51 

l2. The method of making a percutaneously implantable replacement heart 

valve deyice of claim 11 wherein sajd soaking step comprises soaking said 

biocompatible tissue material in a solution of isopmpyl alcohol a solution of ethanol a 

solution of glycerol and a solution of gluteraldehyde 52 

42-:-53.ll. 54 The method of making a percutaneously implantable replacement 

heart valve device of claim 11, wherein said biocompatible tissue material comprises 

bovine pericardium tissue. 

43-,-55~ 56 The method of making a percutaneously implantable replacement 

heart valve device of claim 11, wherein said biocompatible tissue material comprises 
r 

porcine pericardium tissue. 

44-57~ 58The 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. 

~ 59~ 60"fhe 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. 

4&:-611L 62 The percutaneously implantable heart valve device of claim 11, 

wherein said biocompatible tissue material of said artificial valve comprises a synthetic 

biocompatible material. 

47-:-63.1a., 64 The percutaneously implantable heart valve device of claim 

4e,651L 66 wherein said synthetic biocompatible material is selected from the group 

consisting of polytetrafluoroethylene, polyester, metal, metal alloy including 

combinations thereof. 

31 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 89 of 1441



4&-671.a.68 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. 

49-:692.0,..70 The method of making a percutaneously implantable replacement 

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

2'h712.1.,72 The method of making a percutaneously implantable replacement 

heart valve device of claim 11, wherein said stent is balloon catheter expandable when 

implanted. 

24.-7322.,74 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. 

~ 752.a.,76 The method of making a percutaneously implantable replacement 

heart valve of claim 11, further comprising the step of compressing said biocompatible 

tissue material. 

2:3:-772!.,78 The method of making a percutaneously implantable replacement 

heart valve of claim 11, further comprising the step of gas sterilization of said 

biocompatible tissue material. 

~ 7925 80 The method of making a percutaneously implantable replacement 

heart valve of claim 11, wherein said drying step comprises photomechanical 

compression of said biocompatible tissue material. 

~ 812§..82 The method of making a percutaneously 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. 
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~ 832L 84 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 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. 

~ 852.a., 86 The device of claim ~ 87~ 88 wherein said first sheet portion and 

said second sheet portions are affixed together by suturing. 89
~ The device of claim 

27, wherein said 90suturing is in the form of do1::1ble contin1::1ous sutures91
• 

2a. The device of clajm 28 wherein said suturing ;s in the form of double 

continuous sutures 92 

2-9-:-93.JQ...94 A percutaneously implantable replacement heart valve device 

comprising an outer cylindrical cuff portion and an inner uncut/unslit leaflet layer 

attached within said outer cuff portion. 

~ 95Ji.,96 The device of claim 29,97.JQ...98 wherein said leaflet layer is attached 

within said outer cuff portion by s1::1tming.993-1-:- The det~ice of claim JO, wherein said 

100suturing is in the form of double continuaus sutures 1°1 . 

.32.. The device of claim 31 wherein sajd suturing is in the form of double 

continuous sutures 102 

~ 103aa._104 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 comprising a leaflet or cusp portion formed by folding 
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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 

The present invention comprises a percutaneously implantable replacement 

heart valve device and a method of making same. The replacement heart valve device 

comprises a stent member made of stainless steel or self-expanding nitinol, a 

biological tissue artificial valve means disposed within the inner space of the stent 

member. An implantation and delivery system having a central part which consists of a 

flexible hollow tube catheter that allows a metallic wire guide to be advanced inside it. 

The endovascular stented-valve is created from a glutaraldehyde fixed biocompatible 

tissue material which has two or three cusps that open distally to permit unidirectional 

blood flow. The present invention also comprises a novel method of making a 

replacement heart valve by taking a fragment of biocompatible tissue material and 

treating, drying, folding and rehydrating it in such a way that forms a two- or three­

leaflet/cusp valve with the leaflets/cusps formed by folding, thereby eliminating the 

extent of suturing required, providing improved durability and function. 

\\MIA-SRV01\1570069v01 
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Manuel R. Valcarcel, Esq. 
305-579-08 J 2 

VIA EXPRESS MAIL 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313 

January 26, 2005 

Re: Notice to File Corrected Application Papers 
Patent Application No. 10/887,688 

Dear Sir: 

Enclosed under cover of this transmittal letter are the following documents submitted in response 
to the Notice to File Corrected Application Papers having a mailing date of September 17, 2004 in 
connection with the above-referenced application: 

l. Copy of Notice to File Corrected Application Papers. 

· 2. · · Substitute drawings in compliance with 37 C.F.R.§ 1.84. 

3. Petition for Extension of Time pursuant to 37 C.F.R. 12.136 (a). Please charge the 
petition fee to· deposit ·account 50-1792. 

Please confirm receipt of the enclosed documents by date-stamping and returning the enclosed· 
postcard. Please direct all communications regarding the foregoing to the undersigned. 

MRV 
Enclosures 

\\MIA-SRV0J\!613899v01 

Respectfully submitted, 

GREENBERG TRAURIG, P.A . 

. ·.·,}/) /} 
·4vf~v~ 

Mapuel R. Valcarcel, Esq. 
Reg. No. 41,360 

EXPRESS MAIL MAILING LABEL NO. ER940079391 

Greenberg Traurig, P.A. I Attorneys at Law I 1221 Brickell Avenue I Miami, FL 33131 I Tel 305.579.q500 I Fax 305.579.0717 I www.gtlaw.com 
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PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

In re Application of Paniagua, et al. 

Docket Number (Optional) 
51458-010100 

Application Number 10/887,688 Filed July 10, 2004 

Group Art Unit 3738 Examiner: 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 appropriate non-small-entity fee are as follows: 
(check time period desired): 

D One month (37 CFR 1.17(a)(1)) 

D Two months (37 CFR 1.17(a)(2)) 

~ Three months (37 CFR 1.17(a)(3)) 

D Four months (37 CFR 1.17(a)(4)) 

D Five months (37 CFR 1.17(a)(5)) 

$ __ 

$ __ _ 

$1020.00 
$. _____ _ 

$. ____ _ 

~ Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown above is 
reduced by one-half, and the resulting fee is: $510 

D A check in the amount of the fee is enclosed. 

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

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

~ The Commissioner is hereby authorized to charge any fees which may be required, or credit any 
overpayment, to Deposit Account Number 50-1792. 

I have enclosed a duplicate copy of this sheet. 

I am the D assignee of record of the entire interest. 

D applicant. 

~ attorney or agent of record. 

D attorney or agent under 37 CFR 1.34(a). 
Registration number if acting under 37 CFR 1.34(a) ______ _ 

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. 

January 25, 2005 
Date Signature 

Manuel Valcarcel, Esq. 
Typed or printed name (Reg. 41,360) 

Burden Hour Statement: This form is estimated to take 0.1 hours to complete. Time will vary depending upon the needs of the Individual case. Any comments on 
the amounl of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 
20231. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patems, Washington, DC 20231. 

EXPRESS MAIL MAILING LABEL NO. ER 940079391 US 

0 -
~ 
r--0 
in 

~ cc 
0 i=-
0 

0 0 
0 0 
0 0 0 -In -..... IS> 

I 
in 

,...., 
0 l.!3 re cu - u -,...., ..... - --0 0 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 99 of 1441



BEST AVAILABLE COPY 

' \ 
\ 

\ 
' \ 
\ 

Ftg. l 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 100 of 1441



"l,. i. --z_. 

1:i 3 

F.ig. 2 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 101 of 1441

 

Tee 
124

Fig. 2

EdwardsLifesciences Corporation,et al. Exhibit 1016, p. 101 of 1441



Fig. 3A 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 102 of 1441



FJ.g. JB 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 103 of 1441

 

Fig. 3B

EdwardsLifesciences Corporation,et al. Exhibit 1016, p. 103 of 1441



Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 104 of 1441

 
Fig. 4

EdwardsLifesciences Corporation,et al. Exhibit 1016, p. 104 of 1441



100 

'-------y. 
·2.00 

Fig, 5 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 105 of 1441



' . . 

Fig, 6 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 106 of 1441



Fi_g. 7 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 107 of 1441



·•· 

Fig. 8 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 108 of 1441



Fig, 9A 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 109 of 1441



"nm.. Bc~(n. 
( Uf Pf'll. E.°O(,f' oF ~,:r . I 

I s ,:.o c.. b f"b "T4tl O't l\::'"Y't. S')~) ' · 

~· ·c Lcwrn.. ~(E oF" S\tffT) 
. .:rr·· 

~ 
(9)h· .. ~6 

l' 

FIG. 9B 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 110 of 1441



f 

' ' \ 
' ' \ 

\ 
\ 

I 

\ 
I 

\ 

unm' 8,o.t.f,tm.. 

( Uf PErt. C"6Cif' oF ~"'l::"'1'"' j I 
I.S l=oc..l)E='b -,c::, c:r,-~-;t._ S)i:)E' 

I 

' I 
.~ 
i-,.. I I' 

I 

I 
.I 

' \ 

@)I 1
t 

I \ 
I \ 

\ 
\ 

\ 

FIG. 9C 

I 

I 

I 

I 

t 

' I 

I 

I 

I 
I 

I 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 111 of 1441



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IlVIAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the.ite111s checked: 

0 BLACK BORDERS 

0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

0 FADED TEXT OR DR/\. \VING 

0 BLURRED OR ILLEGIBLE TEXT OR DRA \VING 

0 SKE\VED/SLANTED IMAGES 

0 COLOR OR BLACK AND \VHITE PHOTOGRAPHS 

0 GRAY SCALE DOCUMENTS 

0 LINES OR MARKS ON ORIGINAL DOCUMENT 

0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

0 OTHER: _____________________ _ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 112 of 1441



UNITED STATES PATENT AND TR-\DEMARK 0FFIGE 

APPLICATION NUMBER PATENT NUMBER 

10/887,688 

UNITED STATES DEPARTYIENT OF COMMERCE 
United States Patent and Trademark Office 
Addm" COMMISSIC!l\ER FOIZ PA'l'l':N'l'S 

PO Rox 1410 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

GROUP ART UNIT FILE WRAPPER LOCATION 

3738 

Correspondence Address/ Fee Address Change 

The following fields have been set to Customer Number 54353 on 06/13/2005 

• Correspondence Address 
• Maintenance Fee Address 

The address of record for Customer Number 54353 is: 
MANUEL VALCACEL 
c/o GREENBERG TRAURIG, P.A. 
1221 BRICKELL AVENUE 
MIAMl,FL 33131 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 113 of 1441



10887688 

PLUS Search Results for S/N 10887688, Searched Thu Mar 22 11 :43:43 EDT 2007 
The Patent Linguistics Utility System (PLUS) is a USPTO automated search system 

for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which 
produces a list of patents that are most closely related linguistically to the application 
searched. This search was prepared by the staff of the Scientific and Technical Information 
Center, SIRA. 

5509930 65 
4340977 65 
4350492 65 
4388735 65 
4441216 65 
4759759 65 
5352240 65 
5480424 65 
5545215 65 
5549665 65 
5713950 65 
5824063 65 
5910170 65 
6092529 65 
6165216 65 
6270526 65 
6338740 65 
6454799 65 
6458153 65 
6652578 65 
6673109 65 
6719787 65 
6719788 65 
6719789 65 
6723122 65 
6733525 65 
6736846 65 
6767362 65 
6830585 65 
6830586 65 
6951571 65 
6974464 65 
7041132 65 
20020032482 65 
20020138137 65 
20020138138 65 
20020143393 65 
20020151971 65 
20020165609 65 
20020198594 65 
20030045928 65 
20030069635 65 
20030130729 65 
20030163194 65 
20030163195 65 
20040034411 65 
20040088045 65 
20040186565 65 
20050113910 65 

20060173537 65 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 114 of 1441



UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/887,688 07/10/2004 

54353 7590 09/14/2007 

MANUEL VALCACEL 
c/o GREENBERG TRAURIG, P.A. 
1221 BRICKELL A VENUE 
MIAMI, FL 33131 

FIRST NAMED INVENTOR 

David Paniagua 

UNITED STATES DEPARTMENT OF COMMERCE 
United Slates Patent and Trademark Office 
Address:COMMISSIONER FOR PATENTS 

P.O. Bo, 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

51458.010100 4909 

EXAMINER 

MILLER, CHERYLL 

ARTUNIT PAPER NUMBER 

3738 

MAIL DATE DELIVERY MODE 

09/14/2007 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 115 of 1441



Office Action Summary 

Application No. 

10/887,688 

Examiner 

Cheryl Miller 

Applicant(s) 

PANIAGUA ET AL. 

Art Unit 

3738 

r;e 
V 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1. 704(b). 

Status 

1)1:8] Responsive to communication(s) filed on 10 July 2007. 

2a)D This action is FINAL. 2b)D This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1:8] Claim(s) 1-33 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)1:8] Claim(s) 1-33 are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some* c)D None of: 

1.D Certified copies of the priority documents have been received. 

2.D Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) D Notice of References Cited (PTO-892) 
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) D Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20070910 
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Application/Control Number: 10/887 ,688 

Art Unit: 3738 

DETAILED ACTION 

Election/Restrictions 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

Page2 

I. Claims 1-10 and 27-33, drawn to a heart valve, classified in class 623, subclass 

2.14. 

II. Claims 11-26, drawn to a method of making a valve, classified in class 623, 

subclass 909. 

The inventions are distinct, each from the other because of the following reasons: 

Inventions II. and I. are related as process of making and product made. The inventions 

are distinct if either or both of the following can be shown: (1) that the process as claimed can be 

used to make another and materially different product or (2) that the product as claimed can be 

made by another and materially different process (MPEP § 806.0S(f)). In the instant case the 

product may be made by a different process, such as molding or cutting and attaching separate 

pieces by welding or adhesive or stitching. Further, the process of making may make a different 

product such as a teaching model or tool, the device need not be implanted. 

Because these inventions are independent or distinct for the reasons given above and 

there would be a serious burden on the examiner if restriction is not required because the 

inventions have acquired a separate status in the art in view of their different classification, 

restriction for examination purposes as indicated is proper. 

Because these inventions are independent or distinct for the reasons given above and 

there would be a serious burden on the examiner if restriction is not required because the 
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inventions require a different field of search (see MPEP § 808.02), restriction for examination 

purposes as indicated is proper. 

Because these inventions are independent or distinct for the reasons given above and 

there would be a serious burden on the examiner if restriction is not required because the 

inventions have acquired a separate status in the art due to their recognized divergent subject 

matter, restriction for examination purposes as indicated is proper. 

A telephone call was made to Manuel Valcarcel (Registration No.41,360) on September 

10, 2007 to request an oral election to the above restriction requirement, but did not result in an 

election being made. 

Applicant is advised that the reply to this requirement to be complete must include (i) an 

election of a species or invention to be examined even though the requirement be traversed (3 7 

CFR 1.143) and (ii) identification of the claims encompassing the elected invention. 

The election of an invention or species may be made with or without traverse. To reserve 

a right to petition, the election must be made with traverse. If the reply does not distinctly and 

specifically point out supposed errors in the restriction requirement, the election shall be treated 

as an election without traverse. 

Should applicant traverse on the ground that the inventions or species are not patentably 

distinct, applicant should submit evidence or identify such evidence now of record showing the 

inventions or species to be obvious variants or clearly admit on the record that this is the case. In 

either instance, if the examiner finds one of the inventions unpatentable over the prior art, the 

evidence or admission may be used in a rejection under 35 U.S.C.103(a) of the other invention. 
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Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 

inventorship must be amended in compliance with 37 CFR l.48(b) if one or more of the 

currently named inventors is no longer an inventor of at least one claim remaining in the 

application. Any amendment of inventorship must be accompanied by a request under 37 CFR 

l .48(b) and by the fee required under 3 7 CFR l. l 7(i). 

It is also requested by the examiner, if at all possible to send a sample of the device or 

even of a piece of paper, having the foldings made, in order provide the examiner a better 

understanding of exactly how the device is folded to form the final product. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Cheryl Miller whose telephone number is (571) 272-4755. The 

examiner can normally be reached on Monday-Friday 7:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Corrine McDermott can be reached on (571) 272-4755. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

t4t~ 
Cheryl Miller 

,BRlJCESNOW 
"PRIMARY EXAMINER 
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Greenberg. 
Traurig 

Manuel R. Valcarcel, Esq. 
305-579-0812 Tel. 
305-961-5812 Fax 
mrv@gtlaw.com 

VIA EXPRESS MAIL 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

October 10, 2007 

Re: U.S. Patent Application No. 10/887,688 

Dear Sir: 

Invention: Percutaneously implantable replacement heart valve device 
and method of making same 
Response to Office Action No. 1 
Our Ref. No. 051458.010100 

tF-LJ 

Enclosed under cover of this transmittal letter is a response to office action no. 1 in the 
above-referenced application. 

Please charge and any required fees for the enclosed submission to Deposit Account No. 
50-1792. 

Please confirm receipt of the enclosed documents by date-stamping and returning the 
enclosed postage paid return postcard. Please direct all communications regarding the foregoing 
to the undersigned. 

MRV/mam 
Enclosures 

cc: David Paniagua, M.D. 

MIA 179764891v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A . 

. _j~ 
~uel R. Valcarcel, Esq. ~eT. 1 

No. 41,360 

EXPRESS MAIL MAILING LABEL NO. EB 580600I01 US 

GreenbergTraurig, P.A. I Attorneys at Law I 1221 Brickell Avenue I Miami, FL 33131 I Tel 305.579.0500 I Fax 305.579.0717 I www.gtlaw.com 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re patent application of 
Paniagua, et al. 
Serial No. 10/887,688 
Filed: July 10, 2004 
Invention: Percutaneously Implantable Replacement Heart Valve Device and 

Method of Making Same. 

ommissioner for Patents 
P.O. Box 1450 

RESPONSE TO OFFICE ACTION No. 1 

Alexandria, Virginia 22313-1450 

Sir: 

Examiner: Cheryl Miller 
Group Art Unit 3738 

In response to Office Action No. 1 dated September 14, 2007 in the above-referenced 

application, the Applicants respectfully submit the following response: 

ELECTION OF CLAIMS 

Applicants hereby elect claims 1-10 and 27-33, directed to the device for examination in 

the present application and are filing a divisional application for claims 11-26, directed to the 

method of making the device. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 

-1-
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AMENDMENTS TO THE CLAIMS 

The following listing will replace all prior versions of the claims in the application: 

1. ( original) 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. ( original) The percutaneously implantable replacement heart valve device of claim l, 

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 percutaneously implantable replacement heart valve device of claim l, 

wherein said biocompatible tissue material of said artificial valve comprises mammal 

pericardium tissue. 

4. (original) The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said artificial valve comprises porcine pericardium 

tissue. 

5. (original) 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. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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6. ( original) 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. (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 percutaneously implantable heart valve device of claim 7, wherein said 

synthetic biocompatible material 1s selected from the group consisting of 

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

9. ( original) The percutaneously implantable heart valve device of claim 1, wherein said 

stent member is self-expanding when implanted. 

I 0. ( original) The percutaneously implantable heart valve device of claim 1, wherein 

said stent member is balloon catheter expandable when implanted. 

11. (withdrawn) 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 gluteraldehyde. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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12. (withdrawn) The method of making a percutaneously implantable replacement heart 

valve device of claim 11, wherein said soaking step comprises soaking said biocompatible tissue 

material in a solution of isopropyl alcohol, a solution of ethanol, a solution of glycerol and a 

solution of gluteraldehyde. 

13. (withdrawn) The method of making a percutaneously implantable replacement heart 

valve device of claim 11, wherein said biocompatible tissue material comprises bovine 

pericardium tissue. 

14. (withdrawn) The method of making a percutaneously implantable replacement heart 

valve device of claim 11, wherein said biocompatible tissue material comprises porcine 

pericardium tissue. 

15. (withdrawn) 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. (withdrawn) 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. (withdrawn) The percutaneously implantable heart valve device of claim 11, wherein 

said biocompatible tissue material of said artificial valve comprises a synthetic biocompatible 

material. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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18. (withdrawn) The percutaneously implantable heart valve device of claim 17, wherein 

said synthetic biocompatible material 1s selected from the group consisting of 

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

19. (withdrawn) 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. 

20. (withdrawn) The method of making a percutaneously implantable replacement heart 

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

21. (withdrawn) The method of making a percutaneously implantable replacement heart 

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

22. (withdrawn) 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. (withdrawn) The method of making a percutaneously implantable replacement heart 

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

24. (withdrawn) The method of making a percutaneously implantable replacement heart 

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

material. 

25. (withdrawn) The method of making a percutaneously implantable replacement heart 

valve of claim 11, wherein said drying step comprises photomechanical compression of said 

biocompatible tissue material. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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26. (withdrawn) The method of making a percutaneously 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 affixing said second separate piece to said first piece. 

27. (original) 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 

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. (original) A percutaneously implantable replacement heart valve device comprising 

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

cuff portion. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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31. ( original) The device of claim 3 0, wherein said leaflet layer is attached within said 

outer cuff portion by suturing. 

32. ( original) The device of claim 31, wherein said suturing is in the form of double 

continuous sutures. 

33. (original) 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 

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. 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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Remarks 

Claims 1-10 and 27-33 remain in the application. The Applicants note the examiner's 

request for a sample of the device or other materials to assist the examiner in understanding the 

invention, and will provide such materials separately as soon as possible. Nonetheless, should 

the examiner have any comments, questions or suggestions, the examiner is respectfully 

requested to telephone the undersigned at the telephone number listed below. 

Date: October 10, 2007 

MIA 179765011v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 
1221 Brickell Avenue 
Miami, Florida 33131 
Tel: (305) 579-0812 
Fax: (305) 579-0717 

Manue R. Valcarcel, Esq. 
Reg. o. 41,360 

EXPRESS MAIL MAILING LABEL NO. EB 580600101 US 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 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 displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 10/887,688 07/10/2004 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY IZI OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS . X $ = OR X $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS . X $ = X $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 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 1.16U)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

10/10/2007 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) * 17 Minus ** 33 = 0 X $25 = 0 OR X $ = 
0 Independent z * 2 Minus ***5 = 0 X $105 = 0 OR X $ = 
w 137 CFR 1.16/h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L 0 OR ADD'L 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I-
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** = X $ = OR X $ = 0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

• If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". Linda Wise 
*** 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 number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. 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 12 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2 
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. UNITED STATES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/887,688 07/10/2004 

54353 7590 11/28/2007 

MANUEL V ALCACEL 
c/o GREENBERG TRAURIG, P.A. 
1221 BRICKELL AVENUE 
MIAMI, FL 33131 

FIRST NAMED INVENTOR 

David Paniagua 

UNITED STATES DEPARTMENT OF COMMERCE 
United Stales Patent and Trademark ornce 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

51458.010100 4909 

EXAMINER 

MILLER,CHERYL L 

ART UNIT PAPER NUMBER 

3738 

MAIL DATE DELIVERY MODE 

11/28/2007 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 

Office Action Summary 
10/887,688 

Examiner 

Cheryl Miller 

PANIAGUA ET AL. 

Art Unit 

3738 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

Failure lo reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )1:83 Responsive to communication(s) filed on 10 October 2007. 

2a)O This action is FINAL. 2b)l:83 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1:83 Claim(s) 1-33 is/are pending in the application. 

4a) .Of the above claim(s) 11-26 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1:83 Claim(s) 1-10 and 27-33 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ ·_ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [83 Notice of References Cited (PTO-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) D Information Disclosure Statement(s) (PTO/S8/08) 
Paper No(s)/Mail Date __ . 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 

6) 0 Other: . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071126 
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DETAILED ACTION 

Election/Restrictions 

Applicant's election oflnvention 1, claims 1-10 and 27-33 is acknowledged. Claims 11-

26 are withdrawn from examination by the examiner. 

Claim Rejections - 35 USC§ 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 1-10, 27-29 and 33 are rejected under 35 U.S.C. 112, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter which 

applicant regards as the invention. 

Claim 1 recites the limitation "the inner cavity" in line 3. There is insufficient antecedent 

basis for this limitation in the claim. Claims 2-10 depend upon claim 1 and inherit all problems 

with the claim. 

Claims 7 and 8 are rendered indefinite since the independent claim requires the valve to 

be made of biocompatible tissue and claims 7 and 8 are attempting to alter the claim to make the 

tissue synthetic. It is unclear how biocompatible tissue may be also synthetic. 

Claim 27 recites the limitations "the inner cavity" and "said sheet" in lines 3 and 7 

respectively. There is insufficient antecedent basis for these limitations in the claim. Claims 28-

29 depend upon claim 27 and inherit all problems associated with the claim. 

Claim 33 recites the limitations "the inner cavity" and "said sheet" in lines 3 and 7 

respectively. There is insufficient antecedent basis for these limitations in the claim. 
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Claim Rejections- 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that fom1 the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (l} an application for patent, published under section 122(b), by another tiled 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21 (2) of such treaty in the English language. 

Claims 1, 2, 7, 9, 10, and 27-33 are rejected under 35 U.S.C. 102(e) as being anticipated 

by Spenser et al. (US 2003/015397 4 A 1 ). Spenser discloses an implantable heart valve (20; 

fig. I) comprising an expandable stent (22) and an inner flexible compressible valve (26) made of 

biocompatible tissue (P0099) disposed within the stent (22) and affixed to the stent (at 25; 

PO 103) the valve having leaflets without slits (see fig. I; valve body disclosed as a conduit; 

P0108). Spenser discloses the stent to be made of the materials claimed (nitinol; P0l00). 

Spenser discloses the valve to be formed of biological or synthetic materials (P0099). Spenser's 

valve is capable of self-expansion or balloon expansion (PO 100, P0098). Spenser discloses an 

outer cuff portion (21 ). Spenser disclosed the cuff (21) and valve leaflets (26) sutured ( 46) to 

stent support rails (23; P0109; P0l 19; fig.9d, 9a, 2), thus they are attached to one another by 

sutures. Referring to the claim recitation, "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", this is a product by process limitation is weight is given only to the 

end product, not the method of forming. See MPEP 2113. 
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Claims 1, 2, 7-10, 27, 30, and 33 are rejected under 35 U.S.C. 102(e) as being anticipated 

by Bailey et al. (US 6,652,578). Bailey discloses an implantable heart valve (fig.2, 8, 14) 

comprising an expandable stent (12) and an inner flexible compressible valve (26) made of 

biocompatible tissue (col.8, lines 47-49) disposed within the stent (12) and affixed to the stent 

(col.9, lines 55-59) the valve having leaflets without slits (see fig.2; valve body disclosed as a 

tubular graft extension, col.9, lines 7-26). Bailey discloses the stent (12) to be made of the 

materials claimed (nitinol; col.8, lines 13-18). Bailey discloses the valve to be formed of 

biological or synthetic materials (col.8, lines 46-49). Bailey's valve is capable of self-expansion 

or balloon expansion (col.8, lines 13-18). Bailey discloses an outer cuff portion (considered 

either 11 a or 11 b ). Referring to the claim recitation, "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", this is a product by process limitation is weight is 

given only to the end product, not the method of forming. See MPEP 2113. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art arc 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 3-6 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Spenser 

et al. (US 2003/0153974 Al). Spenser discloses an implantable valve, the valve being formed of 

either a biological pericardium tissue or biocompatible synthetic polymer (P0099). Spenser does 

not however, disclose the specific type of pericardium or synthetic polymer (such as claimed, 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 135 of 1441



Application/Control Number: 
10/887,688 
Art Unit: 3738 

Page 5 

mammal, porcine, or juveni"Je pericardium or PTFE or polyester biopolymers). It would have 

been obvious to one having ordinary skill in the art at the time the invention was made to have 

the specific pericardium sources claimed or biopolymers, since it has been held to be within the 

general skill of a worker in the art to select a known material (PTFE, polyester, mammal, 

porcine, juvenile pericardium) on the basis of its suitability for the intended use (valve 

replacement) as a matter of obvious design choice. In re Leshin, 125 USPQ 416. 

Claims 3-6, 28-29 and 31-32 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Bailey et al. (US 6,652,578 B2). Referring to claims 3-6, Bailey discloses an implantable 

valve, the valve being formed of either biological tissue or biocompatible synthetic polymer 

(col.8, lines 46-49). Bailey does not however, disclose a specific type of biological material 

(such as claimed, mammal, porcine, or juvenile pericardium or PTFE or polyester biopolymers). 

It would have been obvious to one having ordinary skill in the art at the time the invention was 

made to have the specific biological materials claimed, since it has been held to be within the 

general skill of a worker in the art to select a known material (mammal, porcine, juvenile 

pericardium) on the basis of its suitability for the intended use (valve replacement) as a matter of 

obvious design choice. In re Leshin, 125 USPQ 416. 

Referring to claims 28-29 and 31-32, Bailey discloses attachment of the cuff (11 a) to the 

valve (l lb extension 26; col.9, lines 10-19), however is silent to mention how the members are 

coupled. It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to use sutures, double sutures to attach the two membranes {cuff and valve) 

since suturing is a common means of attachment in the vascular art and would be applicable to 

Bailey's invention. See Fogarty et al, US 6,491,719 BI; col. I 0, lines 5-8 as evidence of common 
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means of attaching layers of material (31, 32) in the vascular art which include stitching, 

welding, adhering. 

Conclusion 

The prior art made ofrecord and not relied upon is considered pertinent to applicant's 

disclosure. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Cheryl Miller whose telephone number is (571) 272-4755. The 

examiner can normally be reached on Monday-Friday 7:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Corrine McDermott can be reached on (571) 272-4755. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAlR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Cheryl Miller/ 

8RYCESNOW 
"PRIMARY ~VAMCNE~ 
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VIA EXPRESS MAIL 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Re: U.S. Patent Application No. 10/887,688 

Dear Sir: 

Invention: Percutaneously implantable replacement heart valve device 
and method of making same 
Response to Office Action No. 2 
Our Ref. No. 051458.010100 

Enclosed under cover of this transmittal letter is a response to office action no. 2 in the 
above-referenced application. 

Please charge and any required fees for the enclosed submission to Deposit Account No. 
50-1792. 

Please confirm receipt of the enclosed documents by date-stamping and returning the 
enclosed postage paid return postcard. Please direct all communications regarding the foregoing 
to the undersigned. 

MRV/mam 
· Enclosures 

cc: David Paniagua, M.D. 

MIA 179,967,083v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 

~~~ :t. No. 41,360 

EXPRESS MAIL MAILING LABEL NO. EH 041385288 US 

GreenbergTraurig, P.A. I Attomeys at Law I 1221 Brickell Avenue I Miami, F_L 33131 I Tel305.579.0500 I Fax 305.579.0717 I www.gtlaw.com 
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n s 1\\\\i THE UNITED STATES PATENT AND TRADEMARK OFFICE 
rt'?i " 

,. In re pate pplication of 
~~~J(i, et al. 

Sena No. 10/887,688 
Filed: July 10, 2004 
Invention: Percutaneously Implantable Replacement Heart Valve Device and 

Method of Making Same 
Examiner: Cheryl Miller 

Group Art Unit 3738 

RESPONSE TO OFFICE ACTION No. 2 

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

Sir: 

In response to Office Action No. 2 dated November 28, 2007 in the above-referenced 

application, the Applicants respectfully submit this response. Claim amendments begin on page 

2. Remarks begin on page 9. A Declaration under 37 C.F.R. § 1.131 is enclosed antedating both 

the Spenser, et al. reference (US 2003) 0153974Al) and the Bailey et al. reference 

(6,652,578B2). 

EXPRESS MAIL MAILING LABEL NO. EH 041385288 US 
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AMENDMENTS TO THE CLAIMS 

The following listing will replace all prior versions of the claims in the application: 

1. ( currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve made of bioeompatible tissue material aad disposed within said inner spacethe 

iooer ea-vity 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 portion comprising a 

formed by foldiag of a folded unslit sheet of said biocompatible tissue material without affociag 

ef-separate cusps or leaflets affixed thereto or euttiag slits iH:to said material to form said eusps or 

leaflets. 

2. ( original) The percutaneously 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 percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said artificial valve comprises mammal 

pericardium tissue. 

4. ( original) The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said artificial valve comprises porcine pericardium 

tissue. 

5. ( original) 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. 
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6. (original) 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. ( 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 percutaneously 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 percutaneously 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. 

11. (previously withdrawn) 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 gluteraldehyde. 
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12. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said soaking step comprises soaking said 

biocompatible tissue material in a solution of isopropyl alcohol, a solution of ethanol, a solution 

of glycerol and a solution of gluteraldehyde. 

13. (previously withdrawn). The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said biocompatible tissue material 

comprises bovine pericardium tissue. 

14. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said biocompatible tissue material 

comprises porcine pericardium tissue. 

15. (previously withdrawn) 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. (previously withdrawn) 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. (previously withdrawn) The percutaneously implantable heart valve device of claim 

11, wherein said biocompatible tissue material of said artificial valve comprises a synthetic 

biocompatible material. 
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18. (previously withdrawn) The percutaneously implantable heart valve device of claim 

1 7, wherein said synthetic biocompatible material is selected from the group consisting of 

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

19. (previously withdrawn) 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. 

20. (previously withdrawn) The method of making a percutaneously implantable 

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

21. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said stent is balloon catheter expandable 

when implanted. 

22. (previously withdrawn) 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. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve of claim 11, further comprising the step of compressing said 

biocompatible tissue material. 

24. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve of claim 11, further comprising the step of gas sterilization of said 

biocompatible tissue material. 
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25. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve of claim 11, wherein said drying step comprises photomechanical 

compression of said biocompatible tissue material. 

26. (previously withdrawn) The method of making a percutaneously 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 affixing said second separate piece to said first piece. 

27. (currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve made of biocompatible tissue material and disposed within said inner spacethe 

inner eavity 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 first sheet portion 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 sheet portion 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. 
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30. ( original) A percutaneously 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. ( original) The device of claim 30, wherein said leaflet layer is attached within said 

outer cuff portion by suturing. 

32. ( original) The device of claim 31, wherein said suturing is in the form of double 

continuous sutures. 

33. (currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve made of biocompatible tissue material and disposed within said inner spacethe 

inner eavity _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. 

34. (new) A percutaneously implantable replacement heart valve device comprising an 

expandable stent member having an inner space and a flexible, compressible artificial valve 

having a generally tubular portion and a peripheral upstanding cusp or leaflet portion disposed 

within said inner space of said stent member and affixed at one or more points on said artificial 

valve's outer surface to said stent member, said artificial valve comprising a continuous uncut 

unslit sheet of biocompatible tissue material having an upper border with an outward fold, a 

lower border with an inward fold, a first edge and a second edge, said first edge and second edge 

being disposed perpendicular to said upper border and said lower border, said first edge being 
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joined to said second edge to form said generally tubular portion having an inner space, with said 

inner fold being disposed within said inner space of said generally tubular portion. 

35. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner space, and 

a flexible, compressible artificial valve disposed within said inner space of said stent 

member, affixed at one or more points on said artificial valve's outer surface to said stent 

member, comprising a first single continuous uncut, unslit sheet of biocompatible tissue material 

having an upper border, a lower border opposite and parallel to said upper border, an inner fold 

disposed at said lower border, and two opposite edges perpendicular to said upper border and 

said lower border and joined to eachother, and a second sheet of biocompatible tissue material 

having an upper border with an outward fold and a lower border opposite and parallel to said 

upper border, and having two opposite edges perpendicular to said upper border and said lower 

border and joined to eachother, said upper border of said first sheet joined to said lower border of 

said second sheet. 

36. (new) A percutaneously implantable replacement heart valve device comprising an 

expandable stent member having an inner space and a flexible, compressible artificial valve 

disposed within said inner space 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 generally 

tubular portion and a cusp or leaflet portion, said generally tubular portion and said cusp or 

leaflet portion comprising a folded unslit sheet of biocompatible tissue material without separate 

cusps or leaflets affixed thereto. 
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Remarks 

The Applicants have noted the examiner's Section 112, 102(e) and 103 rejections of the 

claims and respectfully request reconsideration and withdrawal of said rejections based on the 

claim amendments and remarks contained in this response as well as the Applicant's Declaration 

under 37 CFR §1.131 antedating U.S. Patent Application Publication No. US2003/0153974Al 

by Spenser, et al. and U.S. Patent No. 6,652,578B2 to Bailey. Claims 1-10 and 27-33, as 

amended, remain in the application. New claims 34-36 have been added. Please charge the fee 

for addition of said claims and any other required fee to Deposit Account No. 50-1792. 

Claims 1, 27 and 33 have been amended to include antecedent basis for the limitation 

"the inner cavity" (revised to "inner space" which is supported by paragraph 0024 of the 

specification as published, at line 6 of said paragraph). Such claims were also amended to 

provide antecedent basis for "sheet" to address the examiner's Section 112, second paragraph 

rejection. With regard to the examiner's indefiniteness rejection with respect to claims 7 and 8, 

the Applicants respectfully submit that synthetic tissue can be biocompatible and needs to be, to 

be useful. "Biocompatible" is generally understood to mean being biologically compatible by not 

producing a toxic, injurious, or immunological response in living tissue The Applicants 

respectfully request that the examiner withdraw the Section 112 rejections. 

With respect to the examiner's Section 102(e) and 103(a) rejections, the Applicants 

respectfully submit the enclosed Declaration under 37 CFR § 1.131 antedating U.S. Patent 

Application Publication No. US2003/0153974Al by Spenser et al. as well as U.S. Patent No. 

6,652,578B2 to Bailey. In addition, while the cited references are effectively overcome by 

antedating, the Applicants note their disagreement with the examiner's assertion that the product 

by process limitations in claims 1-33 should not be given weight because they impart structural 
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limitations, namely, folds, rather than slits or sutures connecting separate leaflet pieces, and 

thereby impart a number of advantages over prior devices, including reducing susceptibility to 

failure by improving resistance to tearing of leaflets, and providing a more closely resembling 

the form and function of a native heart valve. "The structure implied by the process steps should 

be considered when assessing the patentability of product by process claims over the prior art, 

especially where the product can only be defined by the process steps by which the product is 

made, or where the manufacturing process would be expected to impart distinctive structural 

characteristics to the final product." MPEP Section 2113 (citing In re Garnero, 412 F.2d 276, 

279 (CCPA 1979)). The Applicants therefore respectfully request withdrawal of the examiner's 

Section 102(e) and Section 103(a) rejections and allow the present case. Nonetheless, should the 

examiner have any comments, questions or suggestions, the examiner is respectfully requested to 

telephone the undersigned at the telephone number listed below. 

EXPRESS MAIL MAILING LABEL NO. EH 041385288 US 
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0 ♦F! 

Date: February 27, 2008 

I MIA 179,917,332v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 
1221 Brickell A venue 
Miami, Florida 33131 
Tel: (305) 579-0812 
Fax: (305) 579-0717 

Mmut/1:-:!~ 
Reg. No. 41,360 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

re the application of: ) 

~ ~-
. 4 Tfltl Paniagua, et al. 

) 
) 
) 
) 
) 

Group Art Unit 3738 
Serial No. 10/887,688 
Filed: 7/10/2004 Examiner: Miller, Cheryl L. 

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

DECLARATION UNDER 3 7 CFR 1.131 

Honorable Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 

Sir: 

State of (various) ) 
) 
) 
) 

S.S. 

County of (various) 

The undersigned co-inventors each hereby declare as follows: 

1. I am a co-inventor of the invention claimed in the patent application identified 
above. 

2. I was directly and personally involved in the conception and reduction to practice 
of the invention throughout the period from prior to December 31, 1999 until the filing date of 
U.S. Patent Application Serial No. 10/037,266 on January 4, 2002, of which the present 
application is a continuation in part. 

3. Prior to December 31, 1999, the percutaneously implantable replacement heart 
valve device and method of making same described and claimed in the above-referenced 
application had been conceived in the U.S. by co-inventors David Paniagua and Francisco-Lopez 
Jimenez who were at the time cardiology fellows at Mount Sinai Medical Center in Miami 
Beach, Florida. Attached as Exhibit A is a copy of an electronic diary that was kept with respect 
to development of the invention by co-inventor Paniagua, with entries dating back to prior to 
December 31, 1999 indicating that the Applicants had by then already conceived of the 
invention. The dates for certain of the entries are blacked out but predate December 31, 1999. 

4. During the time period from prior to December 31, 1999 through January 4, 2002, 
which is the filing date of Patent Application Serial No. 10/037,266, to which the above­
referenced application is a continuation in part and claims priority, efforts to reduce the invention 
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to practice in the U.S. were undertaken diligently. The first prototypes and the method of 
making same of the invention were created and tested. A protocol for in-vitro testing was 
written by Co-Inventor Paniagua in the early months of 2000. The in-vitro model consisted of a 
plastic hose tubing filled with a 30% solution of glycerol to resemble blood viscosity, a 
continuous pump, pressure recording instruments and pressure generating clamps. The study 
indicated excellent opening and closing profiles of the valve with no evidence of regurgitation 
even at pressures of 200 mmHg. 

5. During the time period from prior to December 31, 1999 through January 4, 2002, 
we also worked with diligence toward reduction to practice of the invention by preparing a 
written description of the invention (see copy of a later draft dated April 22, 2001, attached 
hereto as Exhibit B). 

6. During the time period from prior to December 31, 1999 through January 4, 2002, 
we also worked with diligence toward reduction to practice of the invention by conducting 
various tests and trials relating to preparation of the valve starting material, formation of the 
valve, optimal stent composition and configuration, attachment of the valve to the stent and 
attachment of the stented valve to an artery. See the attached entries from the electronic diary 
attached hereto as Exhibit A, which include entries relating to tests regarding preparation of the 
valve starting materials and formation of the valve in October, November and December 2000 
and January, February, March, and June 2001. See also the attached entries from the electronic 
diary attached hereto as Exhibit A, which include entries pertaining to animal studies in June, 
September and November 2000 and April, 2001. 

7. In August 2001, patent counsel was engaged to conduct a patent search directed to 
the invention and prepare and file a patent application for same. Enclosed as Exhibit C are 
copies of a search patent request letter dated August 29, 2001 which was sent to order a patent 
search for the invention, the invention being described in the letter. Said request letter was 
received by the patent search provider on August 30, 2001 as evidenced by the stamped 
confirmation of receipt attached to Exhibit C. 

8. The patent search results were received on or about mid-September, 2001 and 
were reviewed by patent counsel, as well as by the undersigned, in the weeks that followed 
(bearing in mind that during such time period there were various office closures and disruptions 
due to the September 11, 2001 terrorist attacks and their immediate aftermath). 

9. After the patent search results were reviewed and discussed with patent counsel, 
the patent application was prepared, reviewed, revised, figures for the application were prepared, 
and the application and figures were submitted on January 4, 2002, the Applicant's priority date. 
Attached as Exhibit D are copies of correspondence from patent counsel enclosing drafts of the 
patent application for the invention dated November 27, 2001 and December 28, 2001. 
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The undersigned co-inventors each hereby declare that all statements made herein of his 
own knowledge are true and all statements made on information and belief are believed to be 
true; and further that these statements are made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and 
that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 

Date: January 18 , 2008 

D.AVIDPANIAGUA~. -

Signature.,_: ---~-~::;.....L.-------. 

ACKNOWLEDGEMENT 

COUNTY OF _ _,(J...,..._,.--""""11."""z ..... o_l' __ , ___ fl-__ _ 

STATE OF __ ___.f_e ...... Jc...;...fj...:.5 __ _ 

) 
) 
) 

SS: 

The foregoing Declaration was signed before me this /B/-1.. day of January, 2008 by 
David Paniagua. He is personally known to me or has produced dri//)/14 /;Ce/1 Je as 
identification. 

Notary: ~ D/~ 
Print Nam t;k,i;c e ni::,i/ie{ 

[NOTARIAL SEAL] 
Notary Public, ~ /21/0 9 

' 
My commission expires: 
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Date: January I 'l, 2008 

COUNTY OF Oimt:Ja. c/ 
ST A TE OF Y7!@0Ad21j 

FRANCISCO LOPEZ-JIMENEZ 

Signatur~ . 

\__ ; 

ACKNOWLEDGEMENT 

) 
) 
) 

SS: 

The foregoing Declaration was si ed before me this _j __ §/!/day of January, 2008 by 
Francisco Lopez.:Jinienez. He is ersonall kno to m or has produced _____ as 
identification. 

My commission expires: ~cl..llLtuj- :3 (
1 

;}.D/{) 
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CARLOS MEJIA 

Signature:~ 4 C:- 6/ 
Date: January 21st, 2008 

ACKNOWLEDGEMENT 

COUNTY OF 'B ( a. "Lor ; 0- ) 
) SS: 

STATE OF I¼·<a.5 ) 
The foregoing Declaration was signed before me this 21st day of January, 2008 by Carlos 

Mejia. He is personally known to me or has produced.1)-i '":J I: u ¥1 ~c.as identification. 

Notary: ~:Q~ 
Print Name: ~ e ::t) ~ 

[NOT ARIAL SEAL] 
Notary Public, ____ _ 

My commission expires: 

e JANICE D. KELLEY 
• MY COMMISSION EXPIRES 

JULY 21, 2009 
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Date: January {/[_, 2008 

EDUARDO INDUNI ~ 

Signature:~ 

ACKNOWLEDGEMENT 

COUNTY OF --------

STATE OF --------

) 
) 
) 

SS: 

The foregoing Declaration was signed before me this __ day of January, 2008 by 
Eduardo Induni. He is personally known to me or has produced _____ as 
identification. 

Notary: ___________ _ [NOT ARIAL SEAL] 
Print Name: ----------- Notary Public, ____ _ 

My commission expires: 
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R. DAVID FISH 

' 

Signature: ~ 

Date: January / 8, 2008 

ACKNOWLEDGEMENT 

coUNTY oF Brt1, 2°1 ; 0----------

STATE OF 1eK-a s 
----'-------''------

) 
) 
) 

SS: 

The foregoing Declaration was signed before me this / J/4' day of January, 2008 by R. 
David Fish. He is personally known to me or has produced dr..-t/£.l'i,t) /.'c.~l?$?"as identification. 

Notaryr J) /~ [NOTARIAL SEAL] / / 
PrintN 7 Jan,·c.e: 'D K'el/-ey Notary Public, 1 J-1 c) / 

l 

My commission expires: 

MIA 179,917,544v1 
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St Lizy Proiect: A new percutaneous device to decrease 
Valvular insufficiency 

David Paniagua and Francisco Lopez-Jimenez (cardiology fellows at 
that time) discussed the need to develop a percutaneous valve. This discussion took place 
in the cardiology fellow's room at Mount Sinai Medical Center in Miami Beach Florida. 

After this initial discussion a careful and extensive literature search was started. 
All articles in the field were reviewed as well as all information regarding patents filed. 

The candidate stents that we thought of using in our project were: balloon 
expandable and self-expandable stents. The balloon expandable stents have been used in 
the past in two animal experiments reported in the literature. One of them was in 
Denmark and the other in New York. No other study has been reported after these two 
original reports. No one has implanted a percutaneous valve in a human being. We 
believe that the main limitation of the balloon e:x;pandable stents is its bulky design. 

Among the self-expandable stents, we decided 'i'H·\frart using in the first phase the 
Wallstent and we were planning to use the Smart stent in the second phase. These self­
expandable stents has never been used for percutaneous implantation of a valve. 

mftl~~~:rwr~nt~1~faY~t~ilf'l~~[:~~t¥eH§~ft£W%r~~l· . ~~ni~ff3~§1~v\:s:¢t~1fitfti'8~ 
Boston, MA) that has been used in human since 1987. The main advantage of this stent is 
its protruding metal wires suitable for fixation in the arterial wall. The main limitation is 
that the length of the stent changes significant from the collapsed state to the expanded 
state. 

""'~""'i:'r'R.'"-'~"'1<-"""'~"""'7~"""'""'=--•~-~,-••-a·•""'"""''"'""' ,=·••·••~"'''"-=•"'>•+•-•~R~m!•'·•·•·,.,-~.,r•••<•··•·•••., Wne-1SNiWRl'~isiii~s'.fen1;mac1emr1snfawirnater.i'a1tru:finU1ran5alifttJ~,~~2:~t!~12'..fu:~1t~11a§ 
"~11:'.1.1r'·1 .. m;,.,..::tq0:,.,~!l1e:~"'-~~.M~·.:.r(>i'~~~""~.,.. •.• ~.At.>a.-::,Suo!\Ql!r.!:~,~'~~"'.,_•,>>:~s?~·.1o~:M:.,,'-..l.~½,~,,~lf~~.i~~.:..~~~"'jt,••-~ 

the particularity that the stent changes form with temperature. The Smart stent expands 
when it is in contact with body temperature. The main advantages on the other hand that 
its length in the collapse and expanded state is quite similar. 

The valves that we thought of placing in the stent: porcine pulmonary valve, 
porcine aortic valve, a new special valve made of bovine pericardium or a valve made of 
smart materials. 

David Fish suggested the utility of using Smart materials in the development of the valve. 

Exhibit A 
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September to December 1999 
Anatomical studies in animals 
David Paniagua and his wife Elizabeth while in Houston, Texas studied more than 100 
porcine aortic and pulmonary valves as well as the aortic arch. Carefull measurement of 
the valve length, cusp length, vertical diameters, attachment points, interaction with the 
other cusp·S', interaction with the Sino tubular junction, coronary ostium. Characteristics 
of the ope:mr1g and closing, redundancy of the tissue, sinus of Valsalva measurements 

On a trip to Vienna, Austria; Fran~isco,Lop~z-Jim<::nez anci David Paniagua discussed all 
the research synthesis. The pros and·c-~ns of differ~~t options were discussed and·fi~lly 
n strategyto develop·otrt'~w percutaneous valve took place. 

Porcine pulmonary valve 
The main advantage of this valve is the thickness of the arterial wall is 

significantly less than the aortic wall. 

Limitations Still bulky 

Porcine aortic valve 

Limitations Still bulky and the ostium of both coronaries 

Bovine pericardium 
We designed a new model of valve with special features to be suitable to use in 

the stent. 

The bovine pericardium 

Design 

The horizontal length of the stent is equal to diameter x TC. 
The vertical length suffer a lot of modifications in the last 18 months 
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The process of management of the pericardium 
The pericardium is membrane that surrounds the heart and isolates it from the rest 

of the chest wall structures. 
The pericardium is a thin and very slippery, what makes it difficult for suturing in 

a millimetric precise way that is required for the valve that we were planning to develop. 

1im1fef 
,_-,· \:;\3/+<1,.,,,,-,_.-. 

makes it possible to handle the way we needed. 

Dry process 
"":'•~:,~-~~.S.~?S~-;~!.P,e!:ic~~}u~ is such a slippery material we started looking the way to 
m~t~i~a~i fns;t&im:am1: lifil'a.1&1 
S:&>io½,~•,,;,,.~'t:~ftit~~'l<'>Y!\~A;K~~~li~~.'>."i~:lra,1-~'•'$,'4;;;..-.i,J<',,l,.-m:t.< 

like a plastic paper and makes it easy to manipulate to suture the valve. 

Hydrating process 

Once the valve was done we hydrated the valve back again by placing it in a 
solution of water and 70% alcohol. In approximately 3 days the valve hydrate back 
again. 

Converting the pericardium into a valve 
David Paniagua and Eduardo Induni (a cardiovascular surgeon) discussed the 

best way to suture a flat pericardium and converted into a complete valve. 
Many designs were made in paper until we developed a working model in that 

resembles the human valve. 

See diagrams 

Types of sutures 
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Sutures planes 

Francisco Lopez-Jimenez introduced the trapezoid modification 
We tested the trapezoid modification but it did not work. It introduces too much 
redundant tissue. 

Attachment of the valve to the stent 
3-point fixation on border of the stent 

6-point fixation at each border of the stent 

Fixation on both borders 18 points at each end following a single plane 
36 fixation points following to adjacent vertical planes. 

Fixation without any fold in the border resulted in tears, so we made a fold that resolved 
the problem. 

Attachment of the valve to the aorta 
R. David Fish suggested the possibility of attaching the mother stent to the subclavian 
artery using a daughter stent deployed first in the subclavian artery and attached to the 
mother stent that will be deployed in the descending aorta. 

Hooks to the arterial wall Like the Ancure 

Double stents 

Acute Doppler studies in vitro 

Francisco Lopez-Jimenez and David Paniagua performed the first Doppler studies 
in an in-vitro model. 

The model consisted of a plastic hose tubing filled with a 30% solution of 
glycerol to resemble the blood viscosity, a continuous pump, pressure recording 
instruments and pressure generating clamps. 

In this acute in vitro study we document excellent opening and closing profile of 
the valve. There was no evidence ofregurgitation even at pressures of 200 mrnHg. 
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See video 

October 5th to 11th 2000 

We studied different ways to fix the pericardium. 

1- Piece of pericardium-- dried with light in our standard procedure then placed in 
glutaraldehyde for 36 hours and hydrate back in alcohol 70%. It looses resistant and 
it breaks easily. 

2- Natural pericardium that was in alcohol solution for 2 months at least and we fix it 
with gluteraldehyde for 36 hours and then place in the alcohol solution with excellent 
results in terms of tissue resistance. We were not able to break it. 

3 We fix a piece of diaphragm after drying it with light and then gluteraldehyde and we 
obtained the same result than with the pericardium .. The tissue resistance significant 
decreased and we were able to tear the tissue. 

Delivery device 

Chronic studies in vitro 

On Sep 17 2001, we created a chronic model to test the valve. The model 
consisted of a pump attached to an 18 mm tubing system that is also attached to a 3 liters 
container that is placed 180 ems above the pump. 

The stented valve was placed at the bottom of a 180 cm water column to mimic 
the diastolic pressure. 

Histological studies 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 163 of 1441



Preservation of the pericardium several month in ETOH 

Glutaraldehido 

E-mails 

C a 

:m: I 

Materials 

Calf 
The device Delivery system 
Cook needle Wires 
Pigtails Dilators 11 F, 14F, 16F, 18F, 20F 
Contrast media 
Balloons PT A of the aorta. 

Heparin Plavix for the animal 

Surgical equipment 

Echo Doppler 

Injector X ray tech 
Person in charge of anesthesia, monitoring 
Circulating person Endotracheal tube IV fluids 
IV connections angiocaths 4 liter of IV fluids 

Ventilators 

KYJELLY 
ET TUBE 
ANTIBIOTICS 
HEPARIN 
XYLOCAINE 
BETADINE 

Lamps 

KETAMINE 
EMERGENCY DRUGS 
PROPOFOL XYLAZINE 
INJECTION T SPRAY 
ALCOHOL 

L 
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STERILE TOWELS T DRAPES 
STERILE SURGICAL TRAY 
RECTAL TEMP PROBE 
STERILE BOWL FOR SALINE 
NS SALINE DSRL 
COLLOID 
SYRINGES-DIFFERENT SIZES 
NEEDLES- DIFFERENT SIZES 
HEATING PAD 
IV CATLETERS, TOURNIGUETS 
VASCULAR CLAMPS 
SUCTION CATLETERS 
SCISSoits 
SECADORA PELO 

Carlos Mejia and David Paniagua meet to discuss and design the next experiment. 

We reviewed the previous information in video tapes, all films were discussed 
with emphasis in how we can decrease the size of the valve to try to identify the optimal 
Dimension of the valves. 

We are going to try a valve 10mm deep and the circumference of the valve is 
going to be 71 mm for a 24mm diameter stent. The width of each pocket is going to be 
22mm 

We did the valve in a rubber model with 10 mm deep and it was competent, for 
this reason we decided to try it in the pericardium. 

The change in dimension of the valve with hydration after it is place in alcohol is 
unpredictable at the present time. 

We are going to make two valves 

1- Following our previous method of drying the valve with light and sewing to the stent 
when it its dried and then hydrating it with alcohol. Same design than previously, 
with folds. 

2- A valve with pericardium fixed with gluteraldehyde. No folds in the upper part. 
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December 2 2000 

Eduardo Induni, Carlos Mejia, David Paniagua review all the data collected so far in all 
the previous experiments and plan a strategy. 
We found out that the material needs to be fix with gluteraldehyde before we implant the 
device. We study different concentrations of gluteraldehyde to fix the valve. 

Finally we conclude that we the best is to fix the valve with 0. 7% gluteraldehyde and 
keep it in this solution until the time to use it. At this moment we need to put the valve in 
normal saline before we implant it 

January 2001 

We designed a new valve with modification of its length. The pericardium was fixed 
4t~ith gluteralaeh,ae at 0. 7% and later we did the valve and kept it in the same solution 

until the time to implant it. 
During the creation of the valve constant hydration was maintain with frequent 
immersion of the pericardium in gluteraldehyde. 

1mm 
border 

28mm 
14mm 

21 mm 21 mm 

1 mm at each end to suture the valve. 

February 2001 

21 mm 

David Fish, Eduardo Induni and David Paniagua review the new stent-pericardium-valve 
and discussed the design improvement and decided to implant it in a new animal 
experiment. 
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The valve required 7-0 prolene, 24-inch long l 0 packs 
3 to suture the valve and 7 to attach the valve to the stent. 

The valve was attached to a 24 mm maximal diameter Wallstent. 

We eliminate the folds at each end of the valve. 

The valve was fixed in its superior border using two fixation planes with 18 fixation 
points at each plane. 

0 Fixation points 

18 fixation points at each plane 

There are two rows of fixation point at the upper or proximal end of the stent and one row 
of fixation point at the lower or distal end of the stent. 

Each fixation point was knotted 5 times in the upper plane and 7 knots in the lower plane. 

The fixation of the inferior border of the valve to the stent was done with a single plane 
with 18 fixation points. Each fixation point was knotted 7 times using prolene 7-0. 

The vertical fixation of the valve to the stent was done along the suture line of each cusp 
of the valve. We used 3 fixation points at each vertical suture line. Each fixation point 
was knotted 7 times. 

The vertical fixation was mildly loose to allow easy collapsibility of the valve. 

The approximate time to suture and attach the valve was 10 hours . 
...... 

The·stent-valve is maintained in 0.7% glutci-"a.ldehyde solution. 
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March 24, 2001 

We plan to place the valve in a chronic in vitro model to evaluate its chronic function. 

We will perform collapsibility test of the valve. 

The delivery system that we plan to use is the AneuRx deployment device. 

April 21, 2001 

We did an animal experiment in Costa Rica, see description in animal studies. 

June 9, 2001 

Carlos Mejia and David Paniagua in Miami got together to discuss about the evolution of 
the valve. 

We were discussing how to reduce the dimension to the optimal size of the valve and 
prevent valvular folds. 

The last valve length was 65 mm after fixation, but if you pull it to its maximum length it 
grows 10 mm more up to 75 mm. Carlos decreased the length of the valve to 55 mm and 
57 mm. We were concerned about the elastic recoil of the pericardium once implanted in 
the valve, because if it is not tense the pericardium makes folds, we want to achieve the 
optimal length that does not produce folds and that it is not so tight that causes so much 
elastic recoil that does not allow the stent to expand. 

We had the idea of fixing the valve in the closing position using tiny metallic clips to 
keep the cusps close to each other. 

We tried the aortic valvuloplasty balloon to test if it can be used to expand the distal end 
of the stented valve in the case this extreme does not open. 

We tried the consistency of different suture materials: Ticro 4-0, braided nylon and 
prolene. We discussed pros and cons of mono filament versus braided suture material. 
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June 12, 2001 

At Carlos Mejia's' house we evaluated the design of the valve. 

The new valve design includes the creation of a curve in each cusp of the valve 

e 
Curve t 
The other modification that we are doing in the handling process is to fix the pericardium 
in gluteraldehyde and transfer it to a solution of alcohol while making the valve and 
attaching it to the stent. 

We changed the attachment position of the valve to be closer to the proximal and wider 
part of the Walstent, based on the previous experience during the animal study Alba. 

We discussed the use of a pericardium piece fix in glutaraldehyde in a flat glass and the 
possibility of doing the valve with the natural pericardium and then fixing it with 
gluteraldehyde after mounting it in the stent. 

One observation that we noted is that the material becomes whiter and apparently 
increases its elasticity 

We obtained 1 mm vascular clips to keep the cusps coapted while fixing them in 
gluteraldehyde. 

June 13 2001 

We evaluated the results of the use of metallic clips to keep both cusps adjacent to each 
other after 24 hours of fixation in gluteraldehyde. The results were very satisfactory to 
educate the material and make the primary position of the valve cusps adjacent to each 
other. After we removed the clips, there were no lesions to the valve. After doing this 
test, we use the metallic clips to keep both cusps together and immersed it in 
gluteraldehyde for 24 hours. · 

We evaluated different suture material that included praline 6-0 and Madrilene 6- 0 
which is a braided suture. 
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We make more fixing fluid using gluteraldehyde 25% in a concentration of 3ml per 97 ml 
of fluid. 

The pericardium of the first valve was in gluteraldehyde for 6 months approximately, 
then we put it in alcohol 60 during 2 to 3 days and after making the valve and placing in 
the transport fluid which consist of 60% alcohol. 

June 16 2001 

We were ready to perform another animal experiment in Costa Rica, but unfortunately all 
our equipment of dilator and the temporary delivery system was lost. 

We developed a temporary delivery system that consisted of a central catheter big enough 
to let a 0.38 wire pass through its lumen, a cover sheath made of plastic material with a 
sliding device that allows to expose the stented valve. 

Dr Eduardo Induni and David Paniagua discussed different ways to improve the 
collapsibility of the valve 
The new observation was that the fixation points at the proximal part should be placed at 
the midpoint of the rhomboid structure to allow some mobility of the valve when we 

cMfctpl&rfit~wttr/~{tNt~w,11~a~1111gt~iri~tt~~,1y:mi1,~ml~tr{~ 

The other observation is that two planes of fixation point at the distal attachment of the 
valve to the stent causes a lot of tension to the valve when we are collapsing it. 

One plane of fixation points will probably be enough to prevent systolic collapsed of the 
proximal edge of the valve 

Proximal fixation 
points I expanded 

Proximal fixation 
points sliding down 
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when stent collapses 
0 0 0 0 0 

0 Fixation points 

18 fixation points at each plane 

June 29, 2001 

We discussed again the fixation points of the valve to the stent in such a way that they 
allow mobility of the stent over the valve without exerting too much tension. We believe 
this will allow better profile to the valve. 

We also discussed the different suture materials and call Eduardo Ind uni and we make the 
decision that a braided suture is better than a monofilament, for this reason we are going 
to use mersilene which is a polyester braided suture. 

September 8 

Carlos Mejia and David Paniagua designed the in vitro model to test chronically the valve 
and list all the required material 

September 22 

The valve is mounted in the chronic testing model 
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United States Patent 

Paniagua, Induni, Mejia, Lopez, Fish, April 22, 2001 

PERCUTANEOUS VALVE REPLACEMENT 

Abstract 

The invention relates to a new technique and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-heart surgery. 

The valve replacement system includes the following components: 

( 1) A system for removing a damaged heart valve 
(2) a delivery system of the prosthetic valve device 
(3) a prosthetic valve device 
(4) an implantation technique 

Inventors: 

David Paniagua 
Eduardo Induni 
Carlos Mejia 
Francisco Lopez 
R. David Fish 

Exhibit B 
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Claims 

What is claimed is: 

1 - An endovasculat system for delivering a heart valve. 
2- An artificially percutaneous heart valve 
3- An implantation technique 

l. An endovascular system for delivering a replacement heart valve through an aortic 
passageway to or near to the location from which the natural heart valve has been 
removed, comprising: 

The horizontal length of the pericardium piece is equal to the desired diameter x 7t. 
The vertical length suffer a lot of modifications in the last 18 months 
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DESCRIPTION 

FIELD OF THE INVENTION 

This invention relates to devices and methods for percutaneous endovascular replacement 
of heart valves. 

BACKGROUND 

When a heart valve is malfunctioning in such a degree that interferes with normal cardiac 
function it may be necessary to replace it. Currently this requires a surgical procedure 
that involves open-heart surgery requiring general anesthesia, full cardiopulmonary 
bypass with complete cessation of cardiopulmonary activity. Usually after the surgical 
procedure seven to ten days of hospitalization and months of recuperation time are 
required. This valve replacement surgery is not free of complication and it is associated 
with a mortality rate in the best hands and circumstances of about five to six percent. 

Endovascular procedures for valve replacement provide an alternative to open heart 
surgery and this is the goal of our new invention. 

Previous endovascular treatments of disease heart-valves have focus in opening stenotic 
lesions in the mitral and aortic valve using specially designs balloons to dilate or split 
commissures in diseased aortic or mitral valves with commissural fusion and to crack 
calcific plaques in calcified stenotic aortic valves. 

The success for the mitral valve has been rewarding but the aortic valve results have been 
discouraging This method provides only partial and temporary relief for a patient with a 
stenotic aortic valve and this method cannot be used to treat valves with leakage. 
Moreover, aortic valvuloplasty in a few cases may induce severe aortic leakage that is not 
compatible with life. 

The method that we describe is to use a percutaneously endovascular valve replacement. 
supplantation. In this procedure, a delivery system is used to insert a biological or 
mechanical valve in the lumen of a central blood vessel via entry through the brachia! or 
femoral artery. Vascular access is obtained using a needle or exposing the artery 
surgically and a guide wire is placed through the entry vessel and it is advanced to the 
desired placed under fluoroscopically guidance. Dilators are advanced over the wire to 
increase the lumen of the entry site preparing the artery to receive the delivery system of 
our heart-valve. The heart-valve is then advanced to the desired place and deployed under 
X-ray guidance. 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
open heart surgical procedures, would require only local anesthesia, partial or no 
cardiac bypass, one to two days hospitalization, and should have a reduced mortality rate 
as compared to open heart procedures. 
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RELEVANT LITERATURE 

U.S. Pat. No. 3,671,979 to Moulopoulos, issued Jun. 27, 1972, describes a 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. 

U.S. Pat. No. 4,056,854 to Boretos, issued Nov. 8, 1977, describes a 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 lie 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. 

SUMMARY OF THE INVENTION 

The invention relates to a new technique and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-heart surgery. 

The valve replacement system includes the following components: 

I- A delivery system of the prosthetic valve device. 
2- A prosthetic valve device. 
3- An implantation technique 
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DESCRIPTION OF THE DRAWINGS 

FIG. 1 Delivery system of the self-expanded stented valve. 

FIG. 2 Initial deployment of the self-expanded stented valve. 

FIG. 3 illustrates a bottom view of stented valve. 

FIG. 4 illustrates a top view of the stented valve. 

FIG. 5 illustrates a tissue laser wire used to cut the commisures of stenotic valve. 

FIG. 6 illustrates a diagram of the relationships, dimensions and folds used to create the 
valve. 

FIG. 7 illustrates a side view of a valve introducer. 

FIG. 9 illustrates a side view of the attachment point of the valve to the stent. 

FIG. 10 illustrates a top view showing the attachment points of the cusp of the valve. 

FIG. 11 illustrates an aortic valve in the side position. 

FIG. 12 illustrates an aortic valve from the top view. 

FIG. 13 is a side cross-sectional view of the valve mounted in the self-expanded stent. 

FIG. 14 illustrates a front view of the valve mounted in the stent in the open position. 

FIG. 15A is a close-up side cross-sectional view of the mounting stent and FIG. 15B in 
the closed position. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention relates to the supplantation or replacement of a cardiac valve in a 
host through percutaneous endovascular means. 

The valve replacement system includes 
(1) a delivery device 
(2) a prosthetic valve device 
(3) an implantation technique. 

GENERAL DESCRIPTION OF THE PROCEDURE 

The Femoral artery is canulated using a Cook needle and a standard J wire is advance 
into the artery either perutaneously 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 withdraw 
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 advance over the wire, starting with 12 Fall 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 
advance over the wire and repeat aortogram is performed to assess the competency of the 
valve. 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prostetic 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 either aortic valvuloplasty or the new laser wire cutters and if this procedure 
induces aortic insufficiency the stented valve is placed to prevent the regurgitation. 
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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 perfonned. 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. 

All publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made thereto without departing from the 
spirit or scope of the appended claims. 

* * * * * 
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ATTORNEYS AT LAW 

Manuel R Valcarcel 
305-579-0812 
valcarcelm@gtlaw.com 

,~~ij~lo 

ATTORNEY-CLIENT PRIVILEGED 
CONFIDENTIAL INFORMATION 

VIA FACSIMILE (703) 413-4150 
AND FED EX 

Mr. Mark Miller 
Just Files 
2001 Jefferson Davis Highway 
Suite 506 
Arlington, VA 22202 

August 29, 2001 

Re: Novelty Search for Percutaneous heart valve replacement device and method 
Our Reference No. 51458.010100 

Dear Mr. Miller: 

Please conduct a novelty search for the above-identified invention which is described 
below. 

A. Replacement Heart Valve Device. The replacement heart valve device comprises 
a stent made of stainless steel or self-expanding nitinol, a completely newly designed biological 
valve disposed within the inner space of the stent, and a delivery system having a central part 
which consists of a hollow tube that allows a metallic wire to be advanced inside it. The stented 
valve is collapsed over this central metallic tubing 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 is a glutaraldehyde fixed bovine pericardium which has 
two or three cusps that open distally to permit unidirectional blood flow. Bioprostetic valves are 
presently a mainstay in aortic valve replacement and they are preferable in patients who cannot 
tolerate long-term anticoagulant therapy or are otherwise potentially noncompliant with a long 
term medical regimen. 

In making of the valve initially, the bovine pericardium material is isolated and all the fat 
tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

Exhibit C 
(;REENBERG TRAURIG, P.A. 

1221 BRICKELL AVENUE MIAMI, FLORIDA 33131 

. _ 305-579-0500 FAX 305-579-0717 www.gtlaw.com 

MIAMI NEW YORK WASHINGTON, D.C. ATLANTA PHILADELPHIA TYSONS CORNER CHICAGO BOSTON PHOENIX WILMINGTON Los ANGELES DE 

S.~o PAULO FORT LA!JllERllALf: 801.A RATON WEST PALM Bf:ACH ORUNDO TAUAHASSF.E 
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Mr. Mark Miller 
Just Files 
August 29, 2001 
Page 2 

solution of gluteraldehyde at a concentration of 0.07% during 36 hours, then the pericardium is 
transferred to a solution of ethanol at 60% before making the valve. 

The valve is formed by taking a rectangular fragment of bovine pericardium and folding 
it in such a way that forms a three-leaflet valve. 

The endovascular valve can also be fresh, cryopreserved or glutaraldehyde fixed 
allografts or xenografts or synthetic non-biological, non-thrombogenic material. 

B. Implantation Method. 

The method for implanting said replacement heart valve device through an aortic 
passageway to, or near to, the location from which the natural heart valve has been removed 
comprises the following steps: 

inserting the replacement heart valve device in the lumen of a central blood vessel via 
entry through the brachia! or femoral artery using a needle or exposing the artery surgically; 
placing a guide wire 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 to the desired place. 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
open heart surgical procedures, would require only local anesthesia, partial or no cardiac bypass, 
one to two days hospitalization, and should have a reduced mortality rate as compared to open 
heart procedures. 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prosthetic stented valve is deployed below the subclavian artery. When the 
device is used to treat aortic stenosis, first the stenotic valve is opened using either aortic 
valvuloplasty or laser wire cutters and if this procedure induces aortic insufficiency the stented 
valve is placed to prevent the regurgitation. 

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 he wire and an aortogram is performed to assess the competency of the valve. 

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 san1e 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 

GREENBERG TRAURIG, P.A. 
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Mr. Mark Miller 
Just Files 
August 29, 2001 
Page 3 

bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and 
patients unable to tolerate open heart procedures or life-long anticoagulation. 

Please do not hesitate to contact me at 305-579-0812 if you have any questions or need 
additional information to complete the search. Please let me know beforehand if the search will 
cost more than $400.00. 

Sincerely, 

GREENBERG TRAURIG, P.A. 

::+uel R. f~!:P 
MRV/ps 

\\MIA-SRV0I \V ALCARCELM\1333881 vOI \8/29/01 \51458.010100 
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Manuel R. Valcarcel 
(305) 5 79-0812 

VIA HAND DELIVERY 

□~[[~~[~~ 
ATTORNEYS AT LAI\' 

,~~~~lo 

November 27, 200 I 

ATTORNEY-CLIENT PRIVILEGED 
CONFIDENTIAL COMMUNICATION 

David Paniagua, M.D. 
1865 - 79th Street Causeway 
Apartment 7-H 
Miami Beach, Florida 3 3141 

Re: Draft of patent application specification for percutaneously implantable heart 
valve replacement device and method of making same 

Dear Dr. Paniagua: 

Enclosed for your review and revision as appropriate is the draft of the nonprovisional 
patent application specification for your above-referenced invention. Please review the draft at 
your earliest convenience (please also review the draft with the other co-inventors) and provide 
your comments, revisions and additional text. Please note the descriptions of the figures in the 
draft and if you have drawings or clear digital photographs that provide the views described in 
the description of the drawings, please provide them. The photographs provided previously are 
not clear enough for use in the application. If you do not have such photographs, please let me 
know if you can provide an actual sample of the device so that a draftsman can prepare the 
figures. 

MRV/ps 
Enclosures 

Best regards, 

GREENBERG TRAURIG, P.A. 

41- 0 \)J_, 6'• < ;J 
Ma¢uel R. Valcarcel, Esq. 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, each citizens of the United States of America, have invented 

a new and useful percutaneously implantable replacement heart valve and method of 

making same, of which the following is the Specification. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is in the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

5 method of making same. 

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 

10 background for the present invention. 

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 

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

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 

20 again becomes re-oxygenated to begin the circuit anew. 

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 

25 and pulmonary valves are referred to as "semilunar valves" because of the unique appearance 
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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. 

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 diseased or damaged valve have been 

5 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. 

10 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 

ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens, 

15 allowing the oxygenated blood to be ejected 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. 

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 

20 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 info the left ventricle. The pulmonary valve cusps 

25 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 

3 
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re-oxygenation. Neither of these semilunar valves has associated chordae tendineae or 

papillary muscles. 

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 

5 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 overgr01Nth 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.e., the systemic circulation side) of 

10 the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected 

body organ and immediate malfunction of that ornan. 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, 

15 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. 

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 

20 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 

25 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 

4 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 190 of 1441



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 percutaneously 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 

5 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 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. 

Endovascular procedures have substantial benefits both from the standpoint of health 

10 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. 

Replacement heart valves can be categorized as either artificial mechanical valves, 

transplanted valves and tissue valves. Replacement heart valves are designed to optimize 

15 hemodynamic performance, thrombogenicity and durability. Another factor taken into 

consideration is the relative ease of surgical implantation. 

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 

20 blood clotting can further complicate the patient's health due to increased risks for 

hemorrhages. 

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. 
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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. 

Most tissue valves are constructed by sewing the leaflets of pig aortic valves to a stent to 

5 hold the leaflets in proper position, or by constructing valve leaflets from the pericardia! sac of 

cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically 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 

10 replacement heart valve of the present invention solves this problem through a process to dry 

the pericardium in such a way that makes it possible to handle and fold more easily. 

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 pericardia! tissue strand is sutured directly to a papillary 

15 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 · 

20 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. 

A different approach to creating artificial tissue valves is described in U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! tissue is cut into a carefully defined geometric shape, treated with glutaraldehyde, 

25 then clamped in a sandwich-fashion between two stent components. This creates a tri-leaflet 
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valve that resembles an aortic or pulmonary valve, having semilunar-type cusps rather than 

atrioventricular-type leaflets. 

U.S. Patent 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 

5 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. 

U.S. Patent 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 

1 O attached flaps of flexible membrane extend distally in the vasculature. The flaps lie 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 

15 embolic formation expected from a valve at mid-center position. 

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 

20 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. 

A shortcoming of prior artificial tissue valves has been the inability to effectively simulate 

25 the exact anatomy of a native heart valve. Although transplanted human or porcine aortic 

valves have the gross appearance of native aortic valves, the fixation process (freezing with 
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liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of the 

valve tissue. Porcine and bovine pericardia! 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. 

5 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. 

SUMMARY OF THE INVENTION 

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 

1 O 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 used to create the valve. 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 

15 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. 

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 

20 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 bovine 

pericardium which has two or three cusps that open distally to permit unidirectional blood flow. 

The present invention also comprises a method of making a replacement heart valve 

25 device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 
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solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium. is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is formed by taking a rectangular fragment of bovine pericardium and folding it 

5 in such a way that forms a three-leaflet valve. The valve can also be made 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 valve is rehydrated after being formed. The method of the present 

10 invention 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. 

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, 

15 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 

20 anticoagulation medication and treatment. The present invention can be practiced in 

applications with respect to each of the heart's valves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective view of the replacement heart valve of the present 

invention in one embodiment without the stent. 
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10 

Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart valve of 

the present invention in one embodiment. 

Fig. 3 depicts the procedure for folding the pericardium tissue starting material to create 

the replacement heart valve of the present invention. 

Fig. 4 depicts a side perspective view of the replacement heart valve of the present 

invention in one embodiment mounted within a stent. 

Fig. 5 depicts a cross-sectional view of one embodiment of the replacement heart valve 

of the present invention mounted within a self-expanding stent, with the stent in the expanded 

position. 

Fig. 6 depicts a side perspective view of one embodiment of the replacement heart valve 

of the present invention mounted within a self-expanding stent in the collapsed position. 

Fig. 7 depicts the suture points of one embodiment of the replacement heart valve of the 

present invention. 

Fig. 8 depicts the implantation/delivery system used with the present invention in a 

15 preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention comprises a percutaneously 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 

20 expanded position. A preferred embodiment of the replacement heart valve according to the 

present invention is set forth in FIGS. 1 and 2. The replacement heart valve comprises a stent 

member_ and a flexible valve means _. The stent member is self-expanding and has a first 

cylindrical shape in its compressed or collapsed configuration and a second, larger cylindrical 

shape in its expanded configuration. The valve means comprises a generally tubular center 

25 portion and, preferably, a peripheral upstanding cusp or leaflet portion. The valve means is 
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disposed within the cylindrical stent member with the tubular portion transverse of and at some 

acute angle relative to the stent walls. The diameter of the tubular portion is substantially the 

same as the inside diameter of the stent member in its initial expanded configuration. The 

peripheral upstanding cusp or leaflet portion is disposed substantially parallel to the walls of the 

5 stent member similar to a cuff on a shirt. The center portion _ of the valve means _ is 

generally tubular in shape and comprises three leaflets _ as shown, although it is understood 

that there could be from two to four leaflets. The tubular portion of the valve means is attached 

to the stent member_ by a plurality of sutures_. 

The leaflet portion of the valve means _ extends across or transverse of the cylindrical 

1 O stent. The leaflets _ are the actual valve and allow for one-way flow of blood. The leaflet 

portion as connected to the rest of the valve resembles the cuff of a shirt. The configuration of 

the stent member _ 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, 

15 the self-expanding stent member _ will cause the artificial heart valve to take its expanded 

configuration, as seen in FIG._. 

Stent Member 

The stent member_ comprises self-expanding nickel-titanium alloy, also called "nitinol," 

in a sine wave-like configuration as shown in FIG. 1. An enlarged view of a preferred 

20 embodiment of the stent member for use in the replacement heart valve of the invention is 

depicted in FIG. 5. The stent member_ includes a length of wire_ 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 as at _. The straight sections _ of the stent are joined by 

bends _. The stent is readily compressible to a small cylindrical shape and resiliently self-

25 expandable to the shape shown in FIG. 5. 
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The stent members of the artificial heart valves 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 

5 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 should be from about [0.010 to 0.035) inches, preferably 

from about [0.012 to 0.025) inches. The diameter of the stent 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 

1 O about (1.0 to 10 cm], preferably from about (1.1 to 5 cm.] 

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 

15 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 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel through the diseased cardiac valve following its 

implantation. 

20 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 

25 sheath, they instantaneously reassume their predetermined shapes, thus allowing them to 

function as designed. 
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Preferably the stent member carries a plurality of barbs extending outwardly from the 

outside surface of the stent member for fixing the heart valve 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 

5 downstream direction. It is especially preferable that the barbs on the inflow side 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. 

1 O Valve Means 

The valve means is flexible, compressible, host-compatible, and non-thrombogenic. The 

valve can be, for example, fresh, cryopreserved or glutaraldehyde fixed allografts or xenografts. 

Synthetic biocompatible materials such as polytetrafluoroethylene, polyester and the like may 

be used. The preferred material for the valve means is bovine pericardium tissue. The valve 

15 means is disposed within the cylindrical stent member with the tubular portion transverse of and 

at some acute angle relative to the stent walls. The diameter of the tubular portion is 

substantially the same as the inside diameter of the stent member in its initial expanded 

configuration. The peripheral upstanding cusp or leaflet portion is disposed substantially parallel 

to the walls of the stent member similar to a cuff on a shirt. 

20 The cusp or leaflet portion of the valve means is formed by folding of the pericardium 

material used to create the valve. 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. 
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Method of Making Replacement Heart Valve Device 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

5 solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The valve is formed by taking a rectangular fragment of bovine 

pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

valve. FIG. 2 depicts the folds which form the cusps or leaflets, and FIG. 3 depicts the folding 

1 O procedure. 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. 

In order to make the pericardium material less slippery and easier to fold, the 

15 pericardium is dried, preferably with artificial light using a 60-watt lamp with the pericardium 

material placed in a flat aluminum surface to dry it homogeneously. A photo drying machine 

can also be used. The final result is a homogeneous 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 

20 is fully rehydrated. 

Attachment of the Valve Means to the Stent Member 

The valve means is then attached to the inner channel of the stent member 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 

25 fixation at each border of the stent. Other fixation schemes can be utilized, such as, by way of 
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non-limiting example, fixation on both borders 18 points at each 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 

5 preferably closer to the proximal and wider part of the stent. 

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 

gluteraldehyde 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 

1 O coapted while fixing them in gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials can be used, including, in a preferred embodiment, prolene 6-

15 O and Mersilene 6-0 which is a braided suture. 

Implantation of Replacement Heart Valve Device 

The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the percutaneous and transluminal removal of the diseased or 

defective heart valve and the percutaneous and transluminal implantation of the new heart valve 

20 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 percutaneously and transluminally using standard 

25 vascular or angiography techniques. The distal end of the guidewire is manipulated to extend 
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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 

5 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 

10 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 cutting tool is in place, the balloon is inflated 

15 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 

20 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. 

The delivery and implantation system of the replacement artificial heart valve of the 

25 present invention percutaneously and transluminally includes a flexible catheter which may be 

inserted into a vessel of the patient and moved within that vessel. The distal end of the catheter, 
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which is hollow and carries the replacement heart valve 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 disposed within the catheter lumen and extending from the 

proximal end of the catheter to the hollow section at the distal end of the catheter. Once the 

5 distal end of the catheter is positioned as desired, the pusher mechanism is activated and the 

distal portion of the replacement heart valve is pushed out of the catheter and the stent member 

partially expands. In this position the stent member is restrained so that it doesn't pop out and is 

held for controlled release, with the potential that the replacement heart valve can be recovered 

if there is a problem with the positioning. The catheter is them retracted slightly and the 

1 O replacement heart valve is completely pushed out of the catheter a.nd released from the catheter 

to allow the stent member to fully expand. If the stent member 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 will set the 

other circle of barbs in adjacent tissue and securely fix the replacement heart valve in place 

15 when the valve is released from the catheter. 

Alternatively, or in combination with the above, the replacement heart valve 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 

20 removed. Referring to Fig. 8, the implantation system comprises a flexible hollow tube catheter 

with a metallic guide wire disposed within it. The stented valve is collapsed over the tube and is 

covered by a moveable sheath. The moveable sheath maintains the stented valve in the 

collapsed position. comprises the following steps: inserting the replacement heart valve device 

in the lumen of a central blood vessel via entry through the brachia! or femoral artery using a 

25 needle or exposing the artery surgically; placing a guide wire through the entry vessel and 

advancing it to the desired position; advancing dilators over the wire to increase the lumen of 
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the entry site, thereby preparing the artery to receive the heart-valve; and advancing the heart­

valve to the desired place. 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 an aortogram is performed to assess the 

5 competency of the valve. 

10 

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. 

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 percutaneously 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 

15 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 

20 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. 

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 

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

is placed to prevent the regurgitation. 

lntravascular 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 

5 retrograde via the femoral artery would provide the added benefit of allowing constant high 

definition imaging of the entire procedure and high flow irrigation. 

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, 

1 O 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 

15 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. 

20 This method of percutaneous 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. 

While the present invention has been shown and described herein in what is considered 

25 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 
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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 

Having thus described the invention, what is claimed is: 

1. A percutaneously implantable replacement heart valve device comprising a self-

expanding stent member and an artificial valve means made of biocompatible tissue material 

5 and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed by folding of said 

biocompatible tissue material. 

2. The percutaneously implantable replacement heart valve of claim 1, wherein said 

stent member is made of a metal or alloy of metals selected from the group consisting of nickel-

10 titanium alloy, titanium, stainless steel [add others]. 

3. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises bovine pericardium tissue. 

4. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises porcine pericardium tissue. 

15 5. The percutaneously implantable replacement heart valve of claim 1, wherein said 

20 

biocompatible tissue material of said valve means comprises autologous tissue obtained from 

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

6. A method of making a percutaneously implantable replacement heart valve 

comprising the following steps: 

obtaining a substantially rectangular segment of biocompatible tissue material; 

soaking said biocompatible tissue material in a gluteraldehyde solution; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatible tissue material; 
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folding said dried biocompatible tissue material to create cusps or leaflets and a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 

22 
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ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart valve device comprises a stent 

member made of stainless steel or self-expanding nitinol, a biological tissue artificial valve 

5 means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that allows a 

metallic wire guide to be advanced inside it. The endovascular stented-valve is a 

glutaraldehyde fixed bovine pericardium which has two or three cusps that open distally to 

permit unidirectional blood flow. The present invention also comprises a novel method of 

10 making a replacement heart valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp 

valve with the leaflets/cusps formed by folding, thereby eliminating the extent of suturing 

required, providing improved durability and function. 

\IMIA-SRV01\VALCARCELM\1341939v01\11/27/01 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLrCATION 

SPECIFICATION. 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, each citizens of the United States of America, have 

invented a new and useful percutaneously implantable replacement heart valve device 

and method of making same, of which the following is the Specification. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is in the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

method of making same. 

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. 

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. 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. 

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 resp.onse to differential pressures on either side 

of the valve's leaflets. The mitral valve has two leaflets and the tricuspid valve has three. The 
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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. 

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 diseased 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. 

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 

ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens, 

allowing the oxygenated blood to be ejected 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. 

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 
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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. 

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 insuffidency of heart valves, heart valves ·may"nee'trtobe 

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.e., the systemic circulation side) 

of the heart, embolization may occur, resulting in sudden loss of the blood supply to the 

affected 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. 

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 ln the United States over 100,000 defective 

heart valves are replaced annually, at an approximate cost of $30-50,000 per procedure, and 
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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 percutaneously 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 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. 

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. 

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. 

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. 
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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. 

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. 

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 pericardia! sac\ 

of cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically 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 to dry 

the pericardium in such a way that makes it possible to handle and fold more easily. 

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 pericardia! 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. 
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A different approach to creating artificial tissue valves is described in U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! 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. 

U.S. Patent 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. 

U.S. Patent 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 lie 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. 

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 thes·e failures is believed to be the chemical 

treatment of the animal tissue thatprevents it from being antigenic to the patient. In addition, 
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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. 

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 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 pericardia! valves not orily 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. 

SUMMARY OF THE INVENTION 

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 used to create the valve. Other 

· forms of tissue and suitable synthetic materials can atso be used for the ya lye, formed in 

a sheet of starting material Ibe folded design provides a number of advantages oyer 

prior designs, jncluding 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 surf ace of the valve means is attached to 'the stent member. 
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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 ~ackwards, the stented valve can be deployed. The 

endovascular stented-valve, in a preferred embodiment, is a glutaraldehyde fixed bovine 

pericardium which has two or three cusps that open distally to permit unidirectional blood flow.~ 

The stent can either be self-expanding or the stent can be expandable through use of a 

baHoon catheter. 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue arid extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is formed by taking a rectangular fragment of bovine 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 valve is rehydrated after being formed. The 

method of the present invention also greatly reduces the risk of tearing of the 9LJ.sps or leaflets, 

since they are integral to the valve rather than being attached by suturing. 

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 
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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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective view of the replacement heart valve deyice of the 

present invention in one embodiment~ the steRtvalve in the closed position. 

Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart valve 

of the present invention in one embodiment. 

Pi9,fig§.. 3 aepiGtsA and 3B depjct the procedure for folding the pericardium tissue 

starting material to create the replacement heart valve of the present invention. 

· Fig. 4 depicts a side perspective yjew of the replacement heart valve device of the 

present invention in one embodiment represented as if implanted within an artery. 

Fig. 4~ depicts a side perspective-view of one embodiment of the replacement heart 

valve device of the present invention m-GAe embodiment mounted within a self-expandjng 

stent, wjtb the stent in the expanded posjtjon. 

Fig. 5.§ depicts a Gross seGtioAalside perspectjye view of one embodiment of the 

replacement heart valve deyice of the present invention mounted within a self-expanding stent, 

·.vith the stent in the e>EpaAEledcoUapsed position. 
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~ depiGts a --skle perspecti¥e -view -f.>f -GRe embodiment -e.f -the replasement 

heaFt ¥al¥e -f.>f -the present in•,ention meunted within a self expanding -stem -i:n -the -

collapsed position. 

fig-.~ 7 depiotsdepicts the suture p~ints of one embodiment of the replacement 

heart valve devjce of the present invention. 

Fig. 8 depicts the implantation/delivery system used with the present invention in a 

preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention comprises a percutaneously 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 rJGSE,Ui. 4---an4--2.~ The replacement heart valve 

device comprises a stent member -1 oo and a flexible valve means -·~ The stent 

mernber,jjlil is preferably self-expanding although baUoon-expandable stents can be used 

as wen, and has a first cylindrical shape in its compressed or collapsed configuration and a 

second, larger cylindrical shape in its expanded configuration. +heReferring to FIG, 1, the 

valve means..2,Wl comprises a generally tubular center portion..21Q and, preferably, a peripheral 

upstanding cusp or leaflet portion""~ The valve means~ is disposed within the cylindrical 

stent member jjlllwith the tubular portion Z,:liltransverse 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 ~is disposed substantially parallel to the walls of the stent member 

similar to a cuff on a shirt. The eentercusp or ieaflet portion -220 of the valve means -200 
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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 W,_is attached to the stent member -100 by a plurality of sutures 300. as 

depicted in FIG. L 

The leaflet portion zzg_of the valve means -200 extends across or transverse of the 

cylindrical stent.~ The leaflets -221, 222 and 223 are the actual valve and allow for one­

way flow of blood. The leaflet portion 221Las connected to the rest of the valve resembles the 

cuff of a shirt. 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. --~ 

Stent Member 

The stent member -100 preferably comprises s..self-expanding •nickel-titanium alloy= 

.§lam, also called "nitinol," in a sine wave-like configuration as shown in FIG. !h~ 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 -11 O 

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-as-at · . The straight sections ==-of 

the stent member 100 are joined by bends-::::, The stent is readily compressible to a small 

cylindrical shape as depicted jn FIGS. 6 and 8 and resiliently self-expandable to the shape 

shown in FIG. 5. 

The stent membeFSmember 1 oo of the artificial heart >Jalvesvafye devjce of the 

present invention may be made from various metal alloys, titanium, titanium alloy, nitinol, 
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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 b~ 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 

shouldl§. eepreferabiy from about f0.01 o to 0.035} inches and stm. preferably from about 

f0.012 to 0.025} inches. The •diameter of the stent member will be from about {1 .5 to 3.5 cm}, 

preferably from about f1 .75 to 3.00 cm}, and the length of the stent member will be from about 

{1. 0 to 1 O cm}, preferably from about f1 .1 to 5 cm.J 

The sterit 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 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel through the diseased cardiac valve following its 

implantation. 

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 qelivery 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. 
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Preferably the stent member 1WLcarries a plurality of barbs extending outwardly from 

the outside surface of the stent member for fixing the heart valve deyjce 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 

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 

The valve means~ 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 and the like may be used. The preferred material for the 

valve means 2.Wl,is bovine pericardium tissue. The valve means 2.QQ_is disposed within the 

cylindrical stent member .1Jl0.,with the tubular portion 2,liltransverse of and at some acute angle 

relative to the stent walls. The diameter of the tuoular portion 2.lilis substantially the same as 

the inside diameter of the stent member 1.rulin its initial expanded configuration. Th~ peripheral 

upstanding cusp or leaflet portion m,is disposed substantially parallel to the walls of the stent 

member.J.,Wl similar to a cuff on a shirt. 

The cusp or leaflet portion ~of the valve means-Z.QQ, is formed by folding of the 

pericardium material used to create the valve. FIGS. 3A and 38 depjct the way the sheet of 

heart valve starting material is fqfded. The cusps/leaflets 221, 222 and 223 open in 

14 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 224 of 1441



response to blood flow in one direction and close in response to blood flow in the opposite 

direction. Preferably the tubularcysp or leaflet portion ~of the valve means..lQD. contains 

the same number of cusps as the native valve being replaced, in substantially the same size 

and configuration. 

Method of Making Replacement Heart Valve Device 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The valve is formed by taking a rectangular fragment of bovine 

pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

valve,---F-IG.-..a depists -the-fokls which ferm.--the susps--(ff leaflets,-ane--F-IG.- as shown jn 

FIGS. 3A and 3 depiots--the folding procedure.a. The folding of the pericardium material tc::> 

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. 

In order to make the pericardium material less slippery and easier to fold, the 

pericardium is dried, preferably with artificial light using a 60-watt lamp with the pericardium 

material placed in a flat aluminum surface to dry it homogeneously. A photo drying machine 

can also be used. The final result is a homogeneous 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 th~ valve 

is fully rehydrated. 
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Attachment of the Valve Means to the Stent Member 

The valve means 2.Wl,.is then attached to the inner channel of the stent member 1J2.!tby 

suturing the outer surface of the valve means' pericardium material to the stent member. 

FigfU"i. 7 depicts preferred suture points of one embodiment of the present invention: 3-point 

fixation. or 6~point fixation at each 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 each 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 coUapse 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. 

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 

gluteraldehyde after mounting it in the stent. One observation rioted is that the material 

becomes whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps 

coapted while fixing them in gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials. can be used, including, in a preferred embodiment, prolene 6-

0 and Mersilene 6-0 which is a braided suture. 

Implantation of Replacement Heart Valve Device 

The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the percutaneous and transluminal removal of the diseased or 

defective heart valve and the percutaneous and transluminal implantation of the new heart 
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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 percutaneously 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 cutting tool is in place, the balloon is 

inflated and flexible shaft is rotated. Once the cutting tool has r~ached 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 
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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. 

The delivery and implantation system of the replacement artificial heart valve of the 

present invention percutaneously and transluminally includes a flexible catheter ~which may 

be inserted into a vessel of the patient aod moved within that vessel as depicted in FIG. L 

The distal end ~of the catheter~ which is hollow and carries the replacement heart valve 

deyice 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 ~ 

disposed within the catheter lumen ~and extending from the proximal end ~of the 

catheter to the hollow section at the distal end ilQ.,of the catheter. Once the distal end !:JjLof 

the catheter is positioned as desired, the pusher mechanism ~is activated and the distal 

portion of the replacement heart valve device is pushed out of the catheter and the stent 

member...1rul partially expands. In this position the stent rnember 1QjLis restrained so that it 

doesn't pop out and is held for controlled release, with the potential that the replacement heart 

valve deyice can be recovered if there is a problem with the positioning. The catheter ~is 

themtlum retracted slightly and the replacement heart valve device is completely pushed out 

of the catheter .iWt.,and released from the catheter to allow ~he stent member .l,WLto 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 devjce will set the other 

circle of barbs in adjacent tissue and securely fix the replacement heart valve deyice in place 

when the vawedeyjce is released from the catheter. 
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Alternatively, or in combination with the above, the replacement heart valve deyjce 

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 Pigfl.G,. 8, the implantation system comprises a flexible hollow 

tube catheter !lQ..with a metallic guide wire ~disposed within it. The stented valve deyjce is 

collapsed over the tube and is covered by a moveable sheath,,~ The moveable sheath..A§.2 

maintains the stented valve device in the collapsed position. The jmplantatjon method 

comprises the following steps: inserting the rep!acement heart valve device in the lumen of a 

central blood vessel via entry through the brachia! or femoral artery using a needle or exposing 

the artery surgically; placing a guide wire §Slthrough 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 deyjce to 

the desired place. The stented-valve device is released by pulling the cover sheath.A§Q 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 an aortogram is performed to assess the 

competency of the valve. 

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. 

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 percutaneously 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 
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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. 

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 either 

aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented valve 

is placed to prevent the regurgitation. 

lntravascular 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. 

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 
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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. 

This method of percutaneous 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. 

While the present invention has been shown arid 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. 

21 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 231 of 1441



CLAIMS 

Having thus described the invention, what is claimed is: 

1. A percutaneously implantable replacement heart valve device comprising a self-

ex:panding-stent member and an· artificial valve means made of biocompatible tissue material 

and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed by folding of a substantiany 

rectangular sheet of said biocompatible tissue material. 

2. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said stent member is made of a metal or alloy of metals selected from the group · 

consisting of nickel-titanium alloy, titanium, stainless steel [add others]. 

3. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises bovine pericardium 

tissue. 

4. The percutaneously implantable replacement heart valve devjce of claim 1, 

wherein said biocompatible tissue material of said valve means comprises porcine pericardium 

tissue. 

5. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises autologous tissue 

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

L The percutaneously implantable heart valve device of claim 1 wherein said 

stent member is self-expanding when implanted. 

The percutaneously implantable heart valve device of claim 1, wherein said 

stent member is balloon catheter expandable when implanted, 
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i.JL. A method of making a percutaneously implantable replacement heart valve_ 

device comprising the following steps: 

obtaining a substantially rectangular segmentsheet of biocompatible tissue 

material; 

soaking said biocompatible tissue material in a gluteraldehyde solution; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatible tissue material; 

folding said dried biocompatible tissue material to create cusps or leaflets and a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 

1L. The method of making a percutaneously implantable replacement heart 

valye device claim a, wherein sajd biocompatible tissue material comprises bovine 

pericardium tissue • 

.1Q.,. The method of making a percutaneously implantable replacement heart 

valve device claim s, wherein sajd biocompatjble tissue material comprises porcine 

pericardium tissue, 

11,, The method of making a percutaneously implantable reptacement heart 

valve device claim a. wherein said biocompatible tissue material comprises auto!oqoys 

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

implanted, 

12,,_ The method of making a percutaneously Implantable reptacement heart 

valve device of claim a, wherein said stent ;s made of a metal or aUoy of metafs seJected 

from the group consisting of nickel-titanium alloy. titanium, stainless steel, [add others]. 
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~ The method of making a percutaneously implantable replacement heart 

valve devjce of claim a wherein said stent is self:expanding when implanted. 

li... The method of making a percutaneously implantable replacement heart 

valve device of claim a, wherein said stent is balloon catheter expandable when 

lmpJanted. 

24 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 234 of 1441



ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart valve device comprises a stent 

member made of stainless steel or self-expanding nitinol, a biological tissue artificial valve 

means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that atlows a 

metallic wire guide to be advanced in~ide it. The endovascular stented-valve is a 

glutaraldehyde fixed bovine pericardium which has two or three cusps that open distally to 

permit unidirectional blood flow. The present invention also comprises a novel method of 

making a replacement heart valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp 

valve with the leaflets/cusps formed by folding, thereby eliminating the extent of suturing 

required, providing improved durability and function. 

V,MI" SRVOWll' bC '\RCebM\1341939•101'11 127!01\\MfA-SRV01WALCARCELM\1341939Y02\1212s,01 
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This application repeats a substantial portion of prior Application No. 10/037,266, filed 

January 4, 2002, and adds and claims additional disclosure not presented in the prior application. 

Since this application names an inventor or inventors named in the prior application, it may 

constitute a continuation-in-part of the prior application. Should applicant desire to obtain the 

benefit of the filing date of the prior application, attention is directed to 35 U.S.C. 120 and 37 
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(claim 8), a second sheet forming a cu.ff(claim 27), and the configuration and formation of 
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complete disclosure to another. Conception is more than a vague idea of how to solve a 

problem. The requisite means themselves and their interaction must also be comprehended. See 

Mergenthaler v. Scudder, 1897 C.D. 724, 81 O.G. 1417 (D.C. Cir. 1897). Although the exhibits 

disclose general recitation of a "new valve" and details of the material used and how it is 

chemically treated, there is no evidence of the actual structure of the valve (location of the fold, 

how it is shaped or what it looks like). There is reference to diagrams or figures in Exhibit A, 

however no figures were found attached. It is not clear that applicants had support for the fold 

and location of the fold, non-slit and not separate attached leaflets that are claimed, at the time 

prior to December 31, 1999. The declaration is therefore insufficient to overcome the Bailey 

reference. 

Claim Rejections- 35 USC§ 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 7 and 8 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite 

for failing to particularly point out and distinctly claim the subject matter which applicant 

regards as the invention. 

Claims 7 and 8 are indefinite since the independent claims require the valve to be a tissue 

material (natural) and claims 7 and 8 are attempting to alter the claim to make the material 

synthetic (non tissue). It is unclear how the material may be tissue and also synthetic at the same 

time. 

Claim Rejections - 35 USC§ 102 
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The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

Claims 1, 2, 7-10, 27, 30, and 33-36 are rejected under 35 U.S.C. 102(e) as being 

anticipated by Bailey et al. (US 6,652,578, cited previously). Bailey discloses an implantable 

heart valve (fig.2, 8, 14) comprising an expandable stent (12) and an inner flexible compressible 

valve (26) made ofbiocompatible tissue (col.8, lines 47-49) disposed within the stent (12) and 

affixed to the stent ( col.9, lines 55-59) the valve having leaflets without slits (see fig.2; valve 

body disclosed as a tubular graft extension, col.9, lines 7-26). Bailey discloses the stent (12) to 

be made of the materials claimed (nitinol; col.8, lines 13-18). Bailey discloses the valve to be 

formed of biological or synthetic materials (col.8, lines 46-49). Bailey's valve is capable of self­

expansion or balloon expansion (col.8, lines 13-18). Bailey discloses an outer cuff portion 

(considered I la). Bailey discloses the sheet of tissue (I lb) having an upper border (top of 

device in fig.4) with an outward fold (material 11 bis folded outwardly at I la) and a lower 

border (bottom of 11 bin fig.4) having an inward fold (inward fold considered 26). See col.9, 

lines 27-32. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 3-6, 28-29 and 31-32 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Bailey et al. (US 6,652,578 B2, cited previously). Referring to claims 3-6, Bailey discloses 

an implantable valve, the valve being formed of either biological tissue or biocompatible 

synthetic polymer ( col.8, lines 46-49). Bailey does not however, disclose a specific type of 

biological material (such as claimed, mammal, porcine, or juvenile pericardium or PTFE or 

polyester biopolymers ). It would have been obvious to one having ordinary skill in the art at the 

time the invention was made to have the specific biological materials claimed, since it has been 

held to be within the general skill of a worker in the art to select a known material (mammal, 

porcine, juvenile pericardium) on the basis of its suitability for the intended use (valve 

replacement) as a matter of obvious design choice. In re Leshin, 125 USPQ 416. 

Referring to claims 28-29 and 31-32, Bailey discloses attachment of the cuff (I la) to the 

valve (11 b extension 26; col.9, lines 10-19), however is silent to mention how the members are 

coupled. It would have been obvious to one having ordinary skill in the art at the time the 

invention was made to use sutures, double sutures to attach the two membranes ( cuff and valve) 

since suturing is a common means of attachment in the vascular art and would be applicable to 

Bailey's invention. See Fogarty et al, US 6,491,719 Bl; col.IO, lines 5-8 as evidence of common 

means of attaching layers of material (31, 32) in the vascular art which include stitching, 

welding, adhering. 

Conclusion 
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The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 3 7 

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the mailing 

date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHERYL MILLER whose telephone number is (571)272-4755. 

The examiner can normally be reached on Monday-Friday 7:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Corrine McDermott can be reached on (571) 272-4755. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Cheryl Miller/ 
Examiner, Art Unit 3738 

/Corrine M McDermott/ 
Supervisory Patent Examiner, Art Unit 3738 
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- Request Aoolication Number 101887•688 

for 
Filinci Date July 10, 2004 

Continued Examination (RCE) 
Paniagua 

Transmittal First Named Inventor 

Address to: Art Unit 3738 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 

Examiner Name Miller, Cheryl 

\...Alexandria, VA 22313-1450 Attorney Docket Number 051458.010100 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any desiQn application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on paQe 2. 

1. I Submission reauired under 37 CFR 1.1141 Note: If the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

a. □ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked. 

i. □ Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

Ii. □ Other 

b. [2] Enclosed 

I. 0 AmendmenUReply iii. □ Information Disclosure Statement (IDS) 

ii. 0 Affidavit(s)/ Declaration(s) iv. □ Other 

2. ( Miscellaneous ] 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 

a. period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

b. □ 
Other 

3. [ Fees) The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

[Z] The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to 
a. Deposit Account No. :i0-1792 

i. 0 RCE fee required under 37 CFR 1.17(e) 

ii. 0 Extension of time fee (37 CFR 1.136and 1.17) 

iii. □ Other 

b. □ Check in the amount of $ enclosed 

C. □ Payment by credit card (Form PTO-2038 enclosed) 

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

SIGNATURE OF APPLlflANT, ATTORNEY, OR AGENT REQUIRED 
Signature I ~,,._ DU V - V I Date I November 26, 2008 
Name (Print/Type) I Manuel Valcartel, Esq~ 

I I Registration No. 141,360 

CERTIFICATE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the Untted States Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop RCE, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark 
Office on the date shown below. 
Signature I 
Name (Print/Type) I I Date 

This collection of information Is required by 37 CFR 1.114. The information 1s 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 12 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 RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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I Docket Number (Optional) 
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 051458.010100 

In re Application of Paniagua, et al. 

Application Number 10/887,688 I Filed July 10, 2004 

Group Art Unit 3738 I Examiner: Miller, Cheryl L. 

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 appropriate non-small-entity fee are as follows: 
(check time period desired): 

__ One month (37 CFR 1.17(a)(1)) $ ___ _ 

~ Two months (37 CFR 1.17(a)(2)) $ 490.00 
D Three months (37 CFR 1.17(a)(3)) $ ___ _ 

D Four months (37 CFR 1.17(a)(4)) $ -----
□ Five months (37 CFR 1.17(a)(5)) $ ___ _ 

~ Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown above is 
reduced by one-half, and the resulting fee is: $245.00 

A check in the amount of the fee is enclosed. 

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

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

~ The Commissioner is hereby authorized to charge the fee and any additional fees which may be 
required, or credit any overpayment, to Deposit Account Number 50-1792. 

I have enclosed a duplicate copy of this sheet. 

I am the D assignee of record of the entire interest. 

D applicant. 

~ attorney or agent of record. 

D attorney or agent under 37 CFR 1.34(a). 
Registration number if acting under 37 CFR 1.34(a) ______ _ 

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. 

November 26, 2008 
Date Signature 

Manuel Valcarcel, Esq. 
Typed or printed name (Reg. 41,360) 

Burden Hour Statement. This form 1s estimated to take 0.1 hours to complete. Time will vary depending upon the needs of the Individual case. Any comments on 
the amount of lime you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 
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Greenberg 
Traurig 

Manuel R. Valcarcel, Esq. 
305-579-0812 Tel. 
305-961-5812 Fax 
mrv@gtlaw.com 

VIA EXPRESS MAIL 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

December 15, 2008 

Re: U.S. Patent Application No. 10/887,688 

Dear Sir: 

Invention: Percutaneously implantable replacement heart valve device 
and method of making same 
Request for Continued Examination, Petition for Extension of Time and 
Response to Office Action No. 3 
Our Ref. No. 051458.010100 

Enclosed under cover of this transmittal letter is a Request for Continued Examination 
together with a Petition for Extension of Time (two months) and response to office action no. 3 
in the above-referenced application. 

Please charge the RCE Fee ($405) and Extension Petition Fee ($245), the fee for one 
additional independent claim ($110.00), and any other required fees for the enclosed submission 
to Deposit Account No. 50-1792. 

Please confirm receipt of the enclosed documents by date-stamping and returning the 
enclosed postage paid return postcard. Please direct all communications regarding the foregoing 
to the undersigned. 

MRV/mam 
Enclosures 
cc: David Paniagua, M.D. 
MIA 180,227,872v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 

~~eli.~~ 
~No.41,360 
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oEC 1 5100s ~ I/ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

~. - re patent application of 
Paniagua, et al. 
Serial No. 10/887,688 
Filed: July 10, 2004 
Invention: Percutaneously Implantable Replacement Heart Valve Device and 

Method of Making Same 
Examiner: Cheryl Miller 

Group Art Unit 3738 

RESPONSE TO OFFICE ACTION No. 3 

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

Sir: 

In response to Office Action No. 3 dated July 15, 2008 in the above-referenced 

application, the Applicants respectfully submit this response. Claim amendments begin on page 

2. Remarks begin on page 11. A new Declaration under 37 C.F.R. § 1.131 together with 

Exhibits A-H of evidence is enclosed antedating the Bailey et al. reference (6,652,578B2) cited 

as the basis for the claim rejections. The remarks also discuss differences between the 

Applicants' invention and the device taught by Bailey. Please charge the fee for new 

independent claim 3 7 to deposit account no. 50-1 792. 
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AMENDMENTS TO THE CLAIMS 

The following listing will replace all prior versions of the claims in the application: 

1. ( currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve disposed within said inner space 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 having a cusp or leaflet portion comprising a folded unslit sheet of biocompatible 

t-i-s-s-He material having one or more folds defining one or more cusps or leaflets without slits cut 

into said material or separate cusps or leaflets -:.separate cusps or leaflets affixed thereto. 

2. (original) The percutaneously implantable replacement heart valve device of claim 1, 

wherein said expandable stent member is made of a metai or alloy of metals selected from the 

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

3. (currently amended) The percutaneously implantable replacement heart valve device 

of claim 1, wherein said biocompatible tts-sue material of said artificial valve comprises mammal 

pericardium tissue. 

4. (currently amended) The percutaneously implantable replacement heart valve device 

of claim 1, wherein said biocompatible tts-sue material of said· artificial valve comprises porcine 

pericardium tissue. 

5. (currently amended) The percutaneously implantable replacement heart valve device 

of claim 1, wherein said biocompatible tts-sue material of said artificial valve is obtained from a 

juvenile animal pericardium. 
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6. ( currently amended) The percutaneously implantable replacement heart valve device 

of claim l, wherein said biocompatible ti-swe material of said artificial valve comprises 

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

be implanted. 

7. (currently amended) The percutaneously implantable heart valve device of claim 1, 

wherein said biocompatible tisstle material of said artificial valve comprises a synthetic 

biocompatible material. 

8. (original) The percutaneously 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 percutaneously 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. 

11. (previously withdrawn) 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 gluteraldehyde. 
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12. (previously withdrawn) The method of making a. percutaneously implantable 

replacement heart valve device of claim 11, wherein said soaking step comprises soaking said 

biocompatible tissue material in a solution of isopropyl alcohol, a solution of ethanol, a solution 

of glycerol and a solution of gluteraldehyde. 

13. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said biocompatible tissue material 

comprises bovine pericardium tissue. 

14. (previously withdrawn) The method of making a percutaneously· implantable 

replacement heart valve device of claim 11, wherein said biocompatible tissue material 

comprises porcine pericardium tissue. 

15. (previously withdrawn) 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. (previously withdrawn) 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. (previously withdrawn) The percutaneously implantable heart valve device of claim 

11, wherein said biocompatible tissue material of said artificial valve comprises a synthetic 

biocompatible material. 
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18. (previously withdrawn) The percutaneously implantable heart valve device of claim 

17, wherein said synthetic biocompatible material is selected from the group consisting of 

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

19. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim l l, 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. 

20. (previously withdrawn) The method of making a percutaneously implantable 

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

21. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve device of claim 11, wherein said stent is balloon catheter expandable 

when implanted. 

22. (previously withdrawn) 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. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve of claim 11; further comprising the step of compressing said 

biocompatible tissue material. 

24. (previously withdrawn) The method of making a percutaneously implantable 

replacement heart valve of claim 11, further comprising the step of gas sterilization of said 

biocompatible tissue material. 
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25. (previously withdrawn) The method of making a percutaneously implantable 

. replacement heart valve of claim 11, wherein said drying step comprises photomechanical 

compression of said biocompatible tissue material. 

26. (previously withdrawn) The method of making a percutaneously 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 affixing said second separate piece to said first piece. 

27. (currently amended) A percutaneously implantable replacement heart valve device 

comprising .an expandable stent member having an inner space and a flexible, compressible 

artificial valve made of biocompatible ttsst:J:e material and disposed within said inner space 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 first sheet portion 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 sheet portion and second sheet portion 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. 
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30. (currently amended) A percutaneously implantable replacement heart valve device 

comprising a sheet of flexible, compressible biocompatible material folded to fom1 aR 0-Htef 

tubularcylindrical cuff portion having an inner tubular space and folded further to form an inner 

peripheral upstandinguncut/unslit cusp or leaflet portionlayef disposedattached within said inner 

tubular space of said tubular 
1

ffiftef-_cuff portion. said cusps/leaflets opening in response to blood 

flow through said tubular inner space of said tubular cuff portion in one direction and closing in 

response to blood flow in the opposite direction. 

31. ( currently amended) The device of claim 30, wherein said leaflet portionlayef 

comprises· a separate sheet of said compressible biocompatible material including one or more 

additional lengthwise pleats through which said leaflet portion is ~ttached to said tubular cuff 

portionis attached 1Nithin said outer cuff portion by suturing. 

32. ( currently amended) The. device of claim 3-l-Q, wherein said biocompatible material 

further includes a folded edge through which said material is attached to an' expandable stent 

having an inner channel, said attachment being made to said inner channel of said expandable 

stent member wherein said suturing is in the funn of double continuous sutures by suturing. 

33. (currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

· 1 artificial valve made of biocompatible tis5ue material and disposed within said inner space 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 sheet of biocompatible material having a first 

inward fold disposed parallel to an edge of said sheet and one or more inward folds spaced along 

said sheet pemendicular to said first inward fold, the free edge of said first inward fold defining a 

EXPRESS MAIL MAILING LABEL NO. EM 248929807 US 

-7-

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 261 of 1441



peripheral upstanding leaflet or cusp portion without cutting of slits to form said cusps or leaflets 

said sheet having two opposite ends perpendicular to said first inward fold, said opposite ends 

being joined to define a tubular portion within which said cusp or leaflet portion is disposed, said 

folded cusps or leaflets causing said valve to open in response to blood flow in one direction and 

close in response to blood flow in the opposite direction. 

leaflet or eusp portion fomled ey foldiBg of a first sheet portion of said bioeompatiele 

tissue material without affoting of separate eusps or leaflets or eutting slits into said sheet to foffil 

said eusps or leaflets. 

34. (currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve having a generally tubular portion and a peripheral upstanding cusp or leaflet 

portion disposed within said inner space of said stent member and affixed at one or more points 

on said artificial valve's outer surface to said stent member, said artificial valve comprising a 

continuous uncut. unslit sheet of biocompatible tissue material having an upper border with an 

outward fold. a lower border with an inward fold. a first edge and a second edge. said first edge 

an,d second edge being disposed perpendicular to said upper border and said lower border. said 

first edge and said second edge being folded inwardly in relation to eachother and said inward 

folds of said first edge and said second edge being joined to said second edge to form said 

generally tubular portion h~ving an inner space, with said inwardner fold§ being disposed within 

said inner space of said generally tubular portion to form said peripheral upstanding cusp or 

leaflet portion. 

35. (currently amended) A percutaneously implantable replacement heart valve device 

comprising: 
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an expandable stent member having an inner space, and 

a flexible, compressible artificial valve disposed within said inner space of said stent 

member, affixed at one or more points on said artificial valve's outer surface to said stent 

member, comprising a first single continuous uncut, unslit sheet of biocompatible tissue material 

having an upper border, a lower border opposite and parallel to said upper border, an inner fold 

disposed at said lower border, and two opposite edges perpendicular to said upper border and 

said lower border and folded inwardly in relation to eachother with the edge of said inward folds 

of said two opposite edges -joined to eachother, and a second sheet of biocompatible tissue 

material having an upper border with an outward fold and a lower border opposite and parallel to 

said upper border, and having two opposite edges perpendicular to said upper border and said 

lower border and joined to eachother, said upper border of said first sheet joined to said lower 

border of said second sheet. 

36. (currently amended) A percutaneously implantable replacement heart valve device 

comprising an expandable stent member having an inner space and a flexible, compressible 

artificial valve disposed within said inner space 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 generally tubular portion and a cusp or leaflet portion, said generally tubular 

portion and said cusp or leaflet portion comprising a single folded unslit sheet of biocompatible 

tissue material •without separate cusps or leaflets affoced thereto. 

37. (New) A percutaneously implantable replacement heart valve device comprising 

an expandable stent member having an inner space and a flexible, compressible artificial valve 

disposed within said inner space of said stent member affixed at one or more points on said 
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artificial valve's outer surface to said stent member, said artificial valve comprising a single 

sheet of biocompatible material having one or more folds defining one or more cusps or 

leaflets without slits cut into said material. 
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Remarks 

Claims 1-10 and 27-36 remain in the application. A new claim 37 has· been added, and 

claims 1, 3-7, 27 and 30-36 have been amended. The Applicants have noted the examiner's 

Section 112, 102(e) and 103 rejections of the claims and respectfully request reconsideration and 

withdrawal of said rejections based on the claim amendments and remarks contained in this 

response as well as the Applicants' new Declaration under 37 CFR § 1.131 antedating U.S. Patent 

No. 6,652,578B2 to Bailey. Claims 1-10 and 27-36, as amended, remain in the application. The 

Applicants note the examiner's comments regarding priority at page 2 of the office action. The 

present application is. a continuation in part application and the benefit of the filing date of the 

earlier application, which was application serial no. 10/03 7,266 filed on January 4, 2002, was 

requested on initial filing of the present application as noted in the first page of the application, 

as well as in the transmittal, and confirmation of present application's continuation in part status 

is indicated in the filing receipt. 

Additionally, the Applicants respectfully note that the examiner's assertion that the 

subject matter consisting of the sheet material being unslit and without affixing separate cusps, 

and the configuration and formation of multiple folds is new to the current application and was 

not part of the parent application is incorrect. The parent application discusses the valve material 

being unslit and without affixing of cusps at the end of paragraphs [0027] and [0049] of the 

parent application ("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 valve 

leaflets ... present invention 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.") Figures 3A and 3B of the 
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parent application also show the folding of the material, the material being unslit and without 

affixing of separate cusps or leaflets. 

Regarding the prior Declaration under 37 C.F.R. 1.131 that was submitted, the 

undersigned respectfully submits that the prior Declaration was not insufficient for lack of 

notarization of one signature, because it was a Declaration including the required 

acknowledgment by the declarants that willful false statements and the like are punishable by 

fine or imprisonment, or both (18 U.S.C. Section 1001) and may jeopardize the validity of the 

application or any patent issuing thereon, and set forth in the body of the declaration that all 

statements made of the declarants' own knowledge are true and that all statements made on 

information and belief are believed to be true. A Declaration in such form, unlike an Affidavit, 

does not require an oath or notarization. Notarization of a Declaration is beneficial in order to 

have a witness in the event that a witness to the signature is needed later, but is not required. 

Claim 7 has been amended to eliminate the basis for examiner's Section 112 second 

paragraph rejection as to Claims 7 and 8. Said claims have been revised to refer to the 

biocompatible material instead of the biocompatible tissue material of said valve comprising a 

synthetic biocompatible 'material. The Applicants respectfully request that the examiner 

withdraw the Section 112 rejections. 

With respect to the examiner's Section 102(e) and 103(a) rejections, the Applicants 

respectfully submit the enclosed new Declaration under 37 CFR § 1.131 antedating U.S. Patent 

No. 6,652,578B2 to Bailey. Additional evidence has been provided. showing that th.e inventors 

had conceived of and had begun taking steps to reduce to practice their invention as of a date 

prior to December 31, 1999, the priority date for Bailey. Such additional evidence includes a 

• replica of a prototype of the folded valve of the present invention formed using a paper sheet as 
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well as a replica of a prototype of the folded stent mounted valve in addition to copies of 

sketches and other materials prior to December 31, 1999, as well as inventors' notes describing 

their conception and preliminary efforts to reduce to practice the folding of a sheet of valve 

material to form the valve and the leaflets rather than cutting slits into the material to create 

leaflets or affixing of separate leaflets. The Applicants respectfully submit that the enclosed new 

Declaration under 37 C.F.R. Section 1.131 is sufficient to antedate and Bailey. 

In addition, while the cited reference is overcome by the enclosed Declaration, the 

Applicants note further that the Applicants' invention as claimed in the claims as amended, is not 

anticipated or rendered obvious by Bailey for the following reasons: Nowhere does Bailey teach 

a valve comprising a sheet of biocompatible material having one or more folds defining cusps or 

leaflets. In fact, the word "fold" is never even used in description of the invention disclosed in 

Bailey. The device disclosed in Bailey has a graft member 11 consisting of two parts, one 

which is affixed to the inner surface of the stent and the other affixed to the outer surface of the 

stent. It is not a folded sheet of material. The inner and outer graft members are coupled to each 

other through the stent. See Column 9, lines 12-19: "the graft member 11 consists of an outer or 

ablumenal graft member 1 la and an inner or lumenal graft member 1 lb. The outer graft member 

11 a encloses at least a portion of the ablumenal surface of the intermediate annular section of 

the stent body member, while the inner graft member 11 b is coupled, on the lumenal surface of 

the intermediate annular section of the stent body member 12, to the outer graft member 11 a 

through the interstices 14 of the stent body member." (emphasis added)). 

The Applicants' valve, by contrast, is disposed entirely within the inner space of the 

stent. The valve material in the Applicants' invention is disposed entirely within the inner space 

of the stent-there is no encapsulation of the stent between inner and outer graft members as in 
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Bailey. By having the valve material the inner surface and outer surface of the stent, the device 

disclosed in Bailey is more complicated in design and manufacture, since the stent and the valve 

must be connected to eachother during creation of the valve portion (the valve material being 

partially inside and partially outside the stent and connected through the stent), whereas the 

Applicants' device allows for the valve to be created at one point in time and be coupled to the 

stent at a later point in time. 

Additionally, Bailey includes as an essential element a stent that has "valve arms" or 

"regulator struts" that support the valve material and which control the opening and closing of 

the valve in Bailey, forcing separate valve flaps closed by applying a biasing force. (See Column 

5, lines 61-63: "The· stent body member is shaped to include the following stent sections: 

proximal and distal anchors, a [sic] intermediate annular section and at least one valve arm or 

blood flow regulator struts." (emphasis added)). Column 9, lines 7-10, referring to Figure 2 of 

Bailey, discloses a "valve body 26 and valve arms or flow regulator struts 24 coupled to the stent 

body member 12." The "valve arms or regulator struts are coupled or formed integral with the 

stent body member and are positioned adjacent the junction point between intermediate annular 

section and the proximal anchor flange 22 of the stent body member 12. The valve arms 24 are 

oriented radially inward toward the central longitudinal axis of stent body member 12 when in 

their zero strain state. The valve arms 24 are attached or coupled to the valve flap portions 28 of 

the inner graft member leaflets to bias the valve flap portions 28 to the closed position when 

under zero pressure differential across the stent valve 1 0." Bailey, Column 9 at lines 32-42 

(emphasis added). Column 5, lines 58-60 in Bailey note that "the valve leaflets are preferably 

formed by sections of the graft material attached to the stent body member." The reference to 

"formed" does not teach or suggest "folding." Column 6 lines 20-39 of Bailey further state that 
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' 1[ f]low regulation in the inventive stent valve prosthesis is provided by the combination of the 

prosthetic valve leaflets and the valve arms and is biased closed in a manner to that described 

for a surgically implanted repl~cement heart valve by Boretos, U.S. Pat No. 4,222,126. The 

valve regulator-struts are preferably configured to be positioned to radiate inward from the stent 

body member toward the central longitudinal axis of the prosthesis ... The struts of the stent are 

encapsulated by the outer graft membrane. The valve regulator struts are encapsulated by the 

inner leaflet membrane and serve to bias the valve to the closed position. The regulator struts 

also prevent inversion or prolapse of the otherwise unsupported leaflet membrane during 

increased supra-valvular pressure." (emphasis added). If reference is made to Boretos U.S. 

Patent No. 4,222,126, it is made further clear that in Bailey the regulator struts support the valve 

material which is attached to the stent body member and is supported by the struts (see column 5 

lines 55-60: "[the graft] is attached to the stent body member on at least portions of either or 

both of the lumenal and ablumenal surfaces of the stent body member by suturing to or 

encapsulating stent struts. The valve leaflets are preferably formed by sections of the graft 

material attached to the stent body member." As shown in Figure 4 in Bailey, the valve arms 24 

force the valve leaflets 28 to collapse into the center of the lumen of the stent valve 10, thus 

biasing the valve to its closed position. The flow regulator struts in Bailey are thus connected 

to or are part of the stent itself at one end, and are encapsulated by the valve outer membrane and 

inner leaflet membrane and are responsible for providing support to the valve leaflets and 

opening and closing of the valve leaflets. 

The Applicants' invention does not include such "valve arms" or "regulator struts" 

whether as part of the stent or as part of the valve. The Applicants' valve with folded cusps and 

leaflets provides more natural functioning, less susceptability to tearing and allow for effective 
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opening and closing of the valve without the regulator struts required in Bailey to support and 

bias the flaps. The folded design invented by the Applicants does not require struts that are part 

· of the stent and are affixed to the valve by suturing or encapsulation in the valve material for 

valve leaflet material support or valve opening and closing. It is precisely such suturing or 

encapsulation that the Applicants' folded design is intended to eliminate, resulting in less 

susceptibility to suture failure and/or tearing of the valve material. In the Applicants' invention 

opening and closing of the valve is based on the natural blood flow pressure differential. The 

valve in Bailey does not function to ·control blood flow without the valve regulator struts. The 

Applicants have therefore ~liminated at least one critical element of the Bailey valve while 

retaining valve functionality. 

The Applicants further reiterate that the product by process limitations in the claims must 

' 
be given weight because they impart structural limitations, namely, folds, rather than slits or 

sutures connecting separate leaflet pieces, and thereby impart a number of advantages over prior 

devices, including reducing susceptibility to failure by improving resistance to tearing of leaflets, 

and providing a more closely resembling the form and function of a native heart valve. "The 

structure implied by the process steps should be considered when assessing the patentability of 

product by process claims over the prior art, especially where the product can only be defined by 

the process steps by which the product is made, or where the manufacturing process would be 

expected to impart distinctive structural characteristi_cs to the final product." MPEP Section 

2113 (citing In re Carnero, 412 F.2d 276, 279 (CCPA 1979)). Such is the case with the 

Applicants' invention. The Applicants therefore respectfully request withdrawal of the 

examiner's Section 102( e) and Section 103(a) rejections and allow the present case. Nonetheless, 

EXPRESS MAIL MAILING LABEL NO. EM 248929807 US 
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should the examiner have any comments, questions or suggestions, the examiner is respectfully 

requested to telephone the undersigned at the telephone number listed below. 

Date: December 15, 2008 

MIA 180,225, 752v2 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 
1221 Brickell A venue 
Miami, Florida 33131 
Tel: (305) 579-0812 
Fax: (305) 579-0717 

l R. Valcarcel, Esq. 
o. 41,360 

EXPRESS MAIL MAILING LABEL NO. EM 248929807 US 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

In re the application of: 

Paniagua, et al. 
Serial No. 10/887 ,688 
Filed: 7/10/2004 

) 
) 
) 
) 
) 
) 

Group Art Unit 3 738 

Examiner: Miller, Cheryl L. 

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

DECLARATION UNDER37 CFR 1.131 

Honorable Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 

Sir: 

The undersigned co-inventors each hereby declare as follows: 

1. I am a co-inventor of the invention claimed in the patent application identified 
above. 

2. I was directly and personally involved in the conception and reduction to practice 
of the invention throughout the peri_od from prior to December 31, 1999 until the filing date of 
U.S. Patent Application Serial No. 10/037,266 on January 4, 2002, of which the present 
application is a continuation in part. 

3. Prior to December 31, 1999, Jhe percutaneously implantable replacement heart 
valve device and method of making same described and claimed in the above-referenced 
application had been conceived by co-inventors David Paniagua and Francisco-Lopez Jimenez 
who were at the time cardiology fellows at Mount Sinai Medical Center in Miami Beach, 
Florida. Attached as Exhibit A is a copy of an electronic diary that was kept with respect to 
development of the invention by co-inventor Paniagua, with entries dating back to prior to 
December 31, 1999 indicating that the Applicants had by then already conceived of the 
invention. The dates for certain of the entries are blacked out but predate December 31, 1999. 

4. Prior to December 31, 1999, co-inventors Eduardo Induni and David Paniagua 
conceived of the folded design of the valve means and the method of folding an unslit sheet of 
valve material to create a valve with cusps that are created by the folds without suturing separate 
leaflets or cutting of slits to create leaflets. Enclosed as Exhibit B is a replica of one of the co­
inventors' initial paper models of the valve means created prior to December 31, 1999, showing 
a single piece folded design. Additionally, enclosed as Exhibit C is replica of one of the co­
inventors' initial prototypes which was created prior to December 31, 1999, which includes the 
valve means with the folded design mounted in a stent. The original prototypes and related notes 
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from dating back prior to December 31, 1999 were lost when co-inventor Paniagua relocated 
from Miami to Houston and/or during Hurricane Ike. However, attached as Exhibit D are copies 
of sketches that were created prior to December 31, 1999 which show the co-inventors had 
already conceived of their folded sheet valve design, including valve cusps and leaflets formed 
by folding rather than by slitting material or affixing separate cusps or leaflets. 

5. During the time period from prior to December 31, 1999 through January 4, 2002, 
the first prototypes and the method of making same of the invention were created and tested. As 
indicated in Exhibit A. during the time period from September 1999 through December 1999, 
anatomical studies were done with respect to porcine aortic and pulmonary valves as well as the 
aortic arch. including measurements of valve length, cusp length. vertical diameters, attachment 
points, interaction with other cusps, interaction with the Sino tubular junction and coronary 
ostium and observation of characteristics of the opening and closing, redundancy of tissue and 
sinus of Valsalva measurements and the initial prototypes were studied and tested. Durability 
and fatigue studies were conducted with regard to the valve material and folded design during 
the months prior to December 31, 1999. A protocol for in-vitro testing was written by Co­
Inventor Paniagua in the early months of 2000. The in-vitro model consisted of a plastic hose 
tubing filled with a 30% solution of glycerol to resemble blood viscosity, a continuous pump. 
pressure recording instruments and pressure generating clamps. The study indicated excellent 
opening and closing profiles of the valve with no evidence of regurgitation even at pressures of 
200 mmHg. 

6. During the time period from prior to December 31. 1999 through January 4. 2002. 
which is the filing date of Patent Application Serial No. 10/037,266, to which the above­
referenced application is a continuation in part and claims priority, we also worked with 
diligence toward reduction to practice of the invention by preparing· a written description of the 
invention ( see copy of a later draft dated April 22. 2001, attached hereto as Exhibit E). 

7. During the time period from prior to December 31, 1999 through January 4, 2002, 
we also worked with diligence toward reduction to practice of the invention by conducting 
various tests and trials relating to preparation of the valve starting material. formation of the 
valve, optimal stent composition and configuration, attachment of the valve to the stent and 
attachment of the stented valve to an artery. See the attached entries from the electronic diary 
attached hereto as Exhibit A. which include entries relating to tests regarding preparation of the 
valve starting materials and formation of the valve in October, November and December 2000 
and January, February, March. and June 2001. See also the attached entries from the electronic 
diary attached hereto as Exhibit A, which include entries pertaining to animal studies in June, 
September and November 2000 and April, 2001. 

8. In August 2001, patent counsel was engaged to conduct a patent search directed to 
the invention and prepare and file a patent application for same. Enclosed as Exhibit F are 
copies of a search patent request letter dated August 29. 2001 which was sent to order a patent 
search for the invention, the invention being described in the letter. Said request letter was 
received by the patent search provider on August 30, 2001 as evidenced by the stamped 
confirmation of receipt attached to Exhibit G. 
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9. The patent search results were received on or about mid-September, 2001 and 
were reviewed by patent counsel, as well as by the undersigned, in the weeks that fol_lowed 
(bearing in mind that during such time period there were various office closures and disruptions 
due to the September 11, 2001 terrorist attacks and their immediate aftermath). 

10. After the patent search results· were reviewed and discussed with patent counsel, 
the patent application was prepared, reviewed, revised, figures for the application were prepared, 
and the application and figures were submitted on January 4, 2002. Attached as Exhibit H are 
copies of correspondence from patent counsel enclosing drafts of the patent application for the 
invention dated November 27, 2001 and December 28, 2001. 

The undersigned co-inventors each hereby declare that all statements made herein of his 
own knowledge are true and all statements made on information and belief are believed to be 
true; and further that these statements are made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001 and 
that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 

[THIS SPACE LEFT BLANK INTENTIONALLY] 
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~AVIDPANIAGU~ 
Signature: . J · 

Date: October~ 2008 

ACKNOWLEDGEMENT 

coUNTYoF ..... ~_.___ __ · __ _ 

STATEOF 1#/rfd 
) 
) 
) 

.SS: 

The foregoing Declaration was signed before me this _I_I_ day of October, 2008 by 
David Paniagua. · He is · personally known · to me or has produced _____ as 
identification. 

Notary: _ _,,,----------
Print Name:,&,$/6"' A"f .,?'.,f~ 

My commission expires: 8/ It;~? 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 275 of 1441



Date: October JQ, 2008 

coUNTYoF CJ l(Y\skc\ 
STATEOF .MtJ 

FRANCISCO LOPEZ-JIMENEZ 

Signature:~ 

ACKNOWLEDGEMENT 

) 
) 
) 

The foregoing Declaration was si ed before me this /(}°':!:: day of October, 2008 by 
Francisco Lopez-Jimenez. He i ersonally kno to me r has produced _____ as 
identification. 

[NOT ARIAL SE 
Notary Public, --<1--'"IE: 

VICKI VIRGINIA YOUNT 
Notary "\lbllo-Mlnnesota 

., :'0,-,.,,1:~,~(;11 Expltea Jan 31, 2010 
,•AA,•.IV,,">I\NW\IVV','l't/Vl,YN,.,. 

My commission expires: /1.,,, ,,11;,, , , $1 ;;;;o ID 
. ~ ' 
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Date: October !1., 2008 

COUNTY OF t-fCU" ( I 5 

STATEOF ~'/-.Ct-5 

R. DAVID FISH 

Signan=~M 

ACKNOWLEDGEMENT 

) 
) 
) 

SS: 

The foregoing Declaration was signed before me this/ 3-fl-day of October, 2008 by R. 
David Fish. He is personally known to me or has produced _____ as identification. 

Notary~e~ [NOTARIAL SEAL] 
Print Name: 7',C · ~ Notary Public, ·10- 13 -o ~ 

\ 

MIA 180,228,061v1 

My commission expires: '!, 27 _ I D 

MAif{R.JONES 
NOTNN'!!!1!i 
STATE or, ,.,_ 

a.«COMM. &XP.8-21•10 
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CARLOS MEJIA 

Signature:&,;;;?:; 4;,._ ,,-9. 

Date: October /t? • 2008 

ACKNOWLEDGEMENT 

COUNTYOF_/b,-"-~-~-""""'-~---

STATE OF ..... 7&.J=....Y. ..... '/2:-.:.S ..... ___ _ 

) 
) 
) 

SS: 

The foregoing Declaration was signed before me. this .l.,c?-?" day of October, 2008 by 
Carlos Mejia. He is personally known to me or has produced~#M' as identification. 

. . ~_ss:; 

· Notacy: ~ [NOTARIALS~ ROSIEIIDAI.GO . 
Print Name: ~~A#,?dS, · NotaryPublic, 3:-MYCOMMJSSIONEXPIRES 

AUGUST 18, 2009 

My commission expires: K--/8~ 
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EDUARDOINDUNI . ~ 

S~: e!7~ 
bate: October If!_, 2008 

ACKNOWLEDGEMENT 

COUNTYOF~~~~-='Lf=---­

STATEOF 1ffll!5_ 

) 
) 
) 

SS: 

The foregoing Declaration was signed before me this //'# day of October, 2008 by 
Eduardo Induni. He is personally known to me or has produced T.i"&fl4eca: as 
identification. d'/ .:F-o::,6 r,?!-/4rc. ,47-

Notary:~ 
Print NamZ 3/4£-4:fe? 

[NOTARIAL SEAL] ~\ ROSIE ~tDALG9 
·, · Notary Public, •i:'!"~ uv COt4MJSSION EXPIRES 

•;,QF AUGUST"18, 2009 

. My commission expires:•- _ c.?/4 8i~~? __ . 
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EXHIBIT A 
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St Lizy Project: A new percutaneous device to decrease 
Valvular insufficiency 

David Paniagua and Francisco Lopez-Jimenez (cardiology fellows at 
that time) discussed the need to develop a percutaneous valve. This discussion took place 
in the cardiology fellow's room at Mount Sinai Medical Center in Miami Beach Florida. 

After this initial discussion a careful and extensive literature search was started. 
All articles in the field were reviewed as well as all information regarding patents filed. 

The candidate stents that we thought of using in our project were: balloon 
expandable and self-expandable stents. The balloon expandable stents have been used in 
the past in two animal experiments reported in the literature. One of them was in 
Denmark and the other in New York. No other study has been reported after these two 
original reports. No one has implanted a percutaneous valve in a human being. We 
believe that the main limitation of the balloon expandable stents is its bulky design. 

Among the self-expandable stents, we decided 'f<f~tart using in the first phase the 
Wallstent and we were planning to use the Smart stent in the second phase. These self­
expandable stents has never been used for percutaneous implantation of a valve .. 

m1,ttU~!;1i~1i.{~;~~~~l'ilij~t~.~il:\f~~~l::iiWt~l~l~r:?&!~~lii~ll1:~'iiifJw! 
Boston, MA) that has been used in human since I 987. The main advantage of this stent is 
its protruding metal wires suitable for fixation in the arterial wall. The main limitation is 
that the length of the stent changes significant from the collapsed state to the expanded 
state. 

-
m;:,-·· ·•· · 1m· l!il<"''~">l-~l\1J!Hl11W:""-'•-----"•(;·~---~-.~~.11BJj="'" ...... , .. ~'GJ:~ :·:. •, .. : ~l;.., ~ . ,! 1-:e- , s. :·•; ~/fill.ft; a.~.~,.r. t ~~~~Jl.i. ·:. ~. • • · · . i..:.ut:.. .;Jl.1i-:t~· ;, . ~ 

.,.,.,;,.."~ '""' • ,.,.,JI. _ '""'""' J~ J,.mJ/iffli~ . ., . III .i1i'M!!)lrill __ :1',fAA , .• 

the particularity that the stent changes form with temperature. The Smart stent expands 
when it is in contact with body temperature. The main advantages on the other hand that 
its length in the collapse and expanded state is quite similar. 

The valves that we thought of placing in the stent: porcine pulmonary valve, 
porcine aortic valve, a new special valve made of.bovine pericardium or a valve rnade of 
smart materials. 

David Fish suggested the utility of using Smart materials in the development of the valve. 

Exhibit A 
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September to December 1999 
Anatomical studies in animals 
David Paniagua and his wife Elizabeth while in Houston, Texas studied more than 100 
porcine aortic and pulmonary valves as well as the aortic arch. Carefull measurement of 
the valve length, cusp length, vertical diameters, attachment points, interaction with the 
other cusp·S', interaction with the Sino tubular junction, coronary ostium. Characteristics 
of the opening and closing, redundancy of the tissue, sinus of Valsalva measurements 
~t1tm!'] 

On a trip to Vienna, _Au.stria;_Frans;:is~o .. Lope_z-~i~~llez ,8:1:1? David P~iagua _dis~usse.<!_ all 
the research synthesis. The pros and cons of different options were discussed and fioolly 
a strategy to develop_.otr~w percutaneous valve took place. 

Porcine pulmonary valve 
The main advantage of this valve is the thickness of the arterial wall is 

significantly less than the aortic wall. 

Limitations Still bulky 

Porcine aortic valve 

Limitations Still bulky and the ostium of both coronaries 

Bovine pericardium 
We designed a new model of valve with special features to be suitable to use in 

the stent. 

The bovine pericardium 

Design 

The.horizontal length of the stent is equal to diameter x 7t. 
The vertical length suffer a lot of modifications in the last 18 months 
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The process of management of the pericardium 
The pericardium is membrane that surrounds the heart and isolates it from the rest 

of the chest wall structures. 
The pericardium is a thin and very slippery, what makes it difficult for suturing in 

a millimetric' precise way that is required for the valve that we were planning to develop. 

makes it possible to handie the way we needed. 

fliiti»~7'\11!1~1.ill•im&\r~..11~1l\~ij]W~lif!r.~~f~~~!~~fl1t~i®~ 
like a plastic paper and makes it easy to manipulate to suture the valve. 

Hydrating process 

Once the valve was done we hydrated the valve back again by placing it in a 
solution of water and 70% alcohol. In approximately 3 days the valve hydrate back 
again. 

Converting the pericardium into a valve 
David Paniagua and Eduardo Induni (a cardiovascular surgeon) discussed the 

best way to suture a flat pericardium and converted into a complete valve. 
Many designs were made in paper until we developed a working model in that 

resembles the human valve. 

See diagrams 

Types of sutures 
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Sutures planes 

Francisco Lopez-Jimenez introduced the trapezoid modification 
We tested the trapezoid modification but it did not work. It introduces too much 
redundant tissue. 

Attachment of the valve tQ the stent 
3-point fixation on border of the stent 

6-point fixation at each border of the stent 

Fixation on both borders 18 p9ints at each end following a single plane 
36 fixation points following to adjacent vertical planes. 

Fixation without any fold in the border resulted in tears, so we made a fold that resolved 
the problem. 

Attachment of the valve to the aorta 
R. David Fish suggested the possibility of attaching the mother stent to the subclavian 
artery using a daughter stent deployed first in the subclavian artery and attached to the 
mother stent that will be deployed in the descending aorta. 

Hooks to the arterial wall Like the Ancure 

Double stents 

Acute Doppler studies in vitro 

Francisco Lopez-Jimenez and David Paniagua performed the first Doppler studies 
in an in-vitro model. 

The model consisted of a plastic hose tubing filled with a 30% solution of 
glycerol to resemble the blood viscosity, a continuous pump, pressure recording 
instruments and pressure generating clamps. 

In this acute in vitro study we document excellent opening and closing profile of 
the valve. There was no evidence of regurgitation e.ven at pressures of 200 mmHg. 
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See video 

October 5th to 11th 2000 
•. 

We studied different ways to fix the pericardium. 

1- Piece of pericardium-- dried with light in our standard procedure then placed in 
glutaraldehyde for 36 hours and hydrate back in alcohol 70%. It looses resistant and 
it breaks easily. 

2- Natural pericardium that was in alcohol solution for 2 months at least and we fix it 
with gluteraldehyde for 36 hours and then place in the alcohol solution with excellent 
results in tenns of tissue resistance. We were not ab le to break it. 

3 We fix a piece of diaphragm after drying it with light and then gluteraldehyde and we 
obtained the same result than with the pericardium .. The tissue resistance significant 
decreased and we were able to tear the tissue. 

Delivery device 

Chronic studies in vitro 

On Sep 17 2001, we created a chronic model to test the valve. The model 
consisted of a pllplp attached to an 18 mm tubing system that is also attached to a 3 liters 
container that is placed 180 ems above the pump. 

The stented valve was placed at the bottom of a 180 cm water column to mimic 
the diastolic pressure. 

Histological studies 
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Preservation of the pericardium several month in ETOH 

Glutaraldehido 

- ... - ;>' • • "" ~ ~ ' "• 4 
,...,~ • •~ - •- ""' •1 ...,.. -~ lt',~H ~ • 

--.,,.,.; ~ - ..... ,;;._ 

E-mails 

7 a 

¢ - I 

Materials 

Calf 
The device Delivery system 
Cook needle Wires 
Pigtails Dilators 11 F, 14F, 16F, 18F, 20F 
Contrast media 
Balloons PT A of the aorta. 

Heparin Plavix for the animal 

Surgical equipment 

Echo Doppler 

Injector X ray tech 
Person in charge of anesthesia, monitoring 
Circulating person Endotracheal tube N fluids 
IV connections angiocaths 4 liter of IV fluids 

Ventilators 

KYJELLY 
ET TUBE 
ANTIBIOTICS 
HEPARIN 
XYLOCAINE 
BETADINE 

Lamps 

KETAMINE 
EMERGENCY DRUGS 
PROPOFOL XYLAZINE 
INJECTION T SPRAY 
ALCOHOL 

t 
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STERILE TOWELS T DRAPES 
STERILE SURGICAL TRAY 
RECTAL TEMP PROBE 
STERILE BOWL FOR SALINE 
NS SALINE DSRL 
COLLOID 
SYRINGES-DIFFERENT SIZES 
NEEDLES- DIFFERENT SIZES 
HEATING PAD 
IV CATLETERS, TOURNIGUETS 
VASCULAR CLAMPS 
SUCTION CATLETERS 
SCISSO!ts. . 
SECADORA PELO 

Carlos Mejia and David Paniagua meet to discuss and design the next experiment. 

We reviewed the previous information in video tapes, all films were discussed 
with emphasis in how we can decrease the size of the valve to try to identify the optimal 
Dimension of the valves. 

· We are going to try a valve 10mm deep and the circumference of the valve is 
going to be 71 mm for a 24mm diameter stent. The width of each pocket is going to be 
22mm 

We did the valve in a rubber model with 10 mm deep and it was competent, for 
this reason we decided to try it in the pericardium. 

The change in dimension of the valve with hydration after it is place in alcohol is 
unpredictable at the present time. 

We are going to make two valves 

1- Following our previous method of drying the valve with light and sewing to the stent 
when it its dried and then hydrating it with alcohol. Same design than previously, 
with folds. 

2- A valve with pericardium fixed with gluteraldehyde. No folds in the upper part. 
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December 2 2000 

Eduardo Induni, Carlos Mejia, David Paniagua review all the data collected so far in all· 
the previous experiments and plan a strategy. 
We found out that the material needs to be fix with gluteraldehyde before we implant the 
device. We study different concentrations of gluteraldehyde to fix the valve. 

Finally we conclude that we the best is to fix the valve with 0. 7% gluteraldehyde and 
keep it in this solution until the time to use it. At this moment we need to put the valve in 
normal saline before we implant it 

January 2001 

We des~gned a new valve with modification of its length. The pericardium was fixed 
'~ith glutenii'Efeh'4:ie at 0.7% and later we did the valve and kept it in the same solution 

until the time to implant it. 
During the creation of the valve constant hydration was maintain with frequent 
immersion of the p~ricardium in gluteraldehyde. 

1mm 
border 

28mm 
14mm 

21 mm 21 mm 

1 mm at each end to suture the valve. 

February 2001 

21 mm 

David Fish, Eduardo Induni and David Paniagua review the new stent-pericardiurn-valve 
<'!Jld discussed the design improvement and decided to implant it in a new animal 
experiment. 
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The valve required 7-0 prolene, 24-inch long IO packs 
3 to suture the valve and 7 to attach the valve to the stent. 

The valve was attached to a 24 mm maximal diameter Wallstent. 

We eliminate the folds at each end of the valve. 

The valve was fixed in its superior border using two fixation planes with 18 fixation 
points at each plane. 

0 Fixation points 

18 fixation points at each plane 

There are two rows of fixation point at the upper or proximal end of the stent and one row 
of fixation point at the lower or distal end of the stent. 

Each fixation point was knotted 5 times in the upper plane and 7 knots in the lower plane. 

The fixation of the inferior border of the valve to the stent was done with a single plane 
with 18 fixation points. Each fixation point was knotted 7 times using prolene 7-0. 

The vertical fixation of the valve to the stent was done along the suture line of each cusp 
of the valve. We used 3 fixation points at each vertical suture line. Each fixation point 
was knotted 7 times. 1 

The vertical fixation was mildly loose to allow easy collapsibility of the valve. 

The approximate time to suture and attach the valve was 1 O hours . . , . . 

· The·stent-valve i~ maintained in 0.7% gfotci-\.tdehyde solution. 
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March 24, 2001 

We plan to place the valve in a chronic in vitro model to evaluate its chronic function. 

We will perfonn collapsibility test of the valve. 

T_he delivery system that we plan to use is the AneuR.x deployment device. 

April 21, 2001 

We did an animal experiment in Costa Rica, see description in animal studies. 

June 9, 2001 

Carlos Mejia and David Paniagua in Miami got together to discuss about the evolution of 
the valve. 

We were discussing how to reduce the dimension to the optimal size of the valve and 
prevent valvular folds. 

The last valve length was 65 mm after fixation, but if you pull it to its maximum length it 
grows 10 mm more up to 75 mm. Carlos decreased the length of the valve to 55 mm and 
57 mm. We were concerned about the elastic recoil of the pericardium once implanted in 
the valve, because if it is not tense the pericardium makes folds, we want to achieve the 
optimal length that does not produce folds and that it is not so tight that causes so much 
elastic.recoil that does not allow the stent to expand. 

We had the idea of fixing the valve in the closing position using tiny metallic clips to 
keep the cusps close to each other. 

We tried the aortic valvuloplasty balloon to test if it can be used to expand th·e distal end 
of the stented valve in the case this extreme does not open. 

We tried the consistency of different suture materials: Ticro 4-0, braided nylon and 
prolene. We discussed pros and cons of monofilament versus braided suture material. 
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June 12, 2001 

At Carlos Mejia's' house we evaluated the design of the valve. 

The new valve design includes the creation of a curve in each cusp of the valve 

e 
Curve t 
The other modification that we are doing in the handling process is to fix the pericardium 
in gluteraldehyde and transfer it to a solution of alcohol while making the valve and 
attaching it to the stent. 

We changed the attachment position of the valve to be closer to the proximal and wider 
part of the Walstent, based on the previous experience during the animal study Alba. 

We discussed the use of a pericardium piece fix in glutaraldehyde in a flat glass and the 
possibility of doing the valve with the natural pericardium and then fixing it with 
gluteraldehyde after mounting it in the stent. 

One observation that we noted is that the material becomes whiter and apparently 
increases its elasticity 

We obtained 1mm vascular clips to keep the cusps coapted while fixing them in 
gluteraldehyde. 

June 13 2001 

We evaluated the results of the use of metallic clips to keep both cusps adjacent to each 
other after 24 hours of fixation in gluteraldehyde. The results were very satisfactory to 
educate the material and make the primary position of the valve cusps adjacent to each 
other. After we removed the clips, there were no lesions to the valve. After doing this 
test, we use the metallic clips to keep both cusps together and immersed it in 
gluteraldehyde for 24 hours. · 

We evaluated different suture material that included praline 6-0 and Madrilene 6- 0 
which is a braided suture. 
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We make more fixing fluid using gluteraldehyde 25% in a concentration of 3ml per 97 ml 
of fluid. 

The pericardium of the first valve was in gluteraldehyde for 6 months approximately, 
then we put it in alcohol 60 during 2 to 3 days and after making the valve and placing i_n 
the transport fluid which consist of 60% alcohol. 

June 16 2001 

We were ready to perform another animal experiment in Costa Rica, but unfortunately all 
our equipment of dilator and the temporary delivery system was lost. · 

We developed a temporary delivery system that consisted of a central catheter big enough 
to let a 0.38 wire pass through its lumen, a cover sheath made of plastic material with a 
sliding device that allows to expose the stented valve. · 

Dr Eduardo Induni and David Paniagua discussed different ways to improve the 
collapsibility of the valve 
The new observation was that the fixation points at the proximal part should be placed at 
the midpoint of the rhomboid structure to allow some mobili of the valve when we 

~®.IPlltt 

The other observation is that two planes of fixation point at the distal attachment of the 
· valve to the stent causes a lot of tension to the valve when we are collapsing it. 

One plane of fixation points will probably be enough to prevent systolic collapsed of the 
proximal edge of the valve 

Proximal fixation 
points I expanded 

Proximal fixation 
points sliding down 
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when stent collapses 
0 0 0 0 0 

0 Fixation points 

18 fixation points at each plane 

June 29, 2001 

We discussed again the fixation points of the valve to the stent in such a way that they 
allow mobility of the stent over the valve without exerting too much tension. We believe 
this will allow better profile to the valve. 

We also discussed the different suture materials and call Eduardo Induni and we make the 
decision that a braided suture is better than a rnonofilarnent, for this reason we are going 
to use mersilene which is a polyester braided suture. 

,t . 9 -
·-

September 8 

Carlos Mejia and David Paniagua designed the in vitro model to test chronically the valve 
and list all the required material 

September 22 

The valve is mounted in the chronic testing model 
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United States Patent 

Paniagua, Induni, Mejia, Lopez, Fish, April 22, 2001 

PERCUTANEOUS VAL VE REPLACEMENT 

Abstract 

The invention relates to a new technique and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-heart surgery. · 

The valve replacement system includes the following components: 

(1) A system for removing a damaged heart valve 
(2) a delivery system of the prosthetic valve device 
(3) a prosthetic valve device · 
( 4) an implantation technique 

Inventors: 

David Paniagua 
Eduardo Induni 
Carlos Mejia 
Francisco Lopez 
R. David Fish 
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5026366 Jun., 1991 Leckrone 606/7. 
5032128 Jul., 1991 Alonso 623/2. 
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Claims 

What is claimed is: 

1- An endovasculat system for delivering a heart valve. 
2- An artificially percutaneous heart valve 
3- An implantation technique 

1. An endovascular system for delivering a replacement heart valve through an aortic 
passageway to or near to the location from which the natural heart valve has been 
removed, comprising: 

The horizontal length of the pericardium piece is equal to the desired diameter x 7t. 
The vertical length suffer a lot of modifications in the last 18 months 
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DESCRIPTION 

FIELD OF THE INVENTION 

This invention relates to devicesJ~nd methods for percutaneous endovascular replacement 
ofheaifvalves. -- - - -

BACKGROUND 

When a heart valve is malfunctioning in such a degree that interferes with normal cardiac 
function it may be necessary to replace it. Currently this requires a surgical procedure 
that involves open-heart surgery requiring general anesthesia, full cardiopulmonary 
bypass with complete cessation of cardiopulmonary activity. Usually after the surgical 
procedure seven to ten days of hospitalization and months of recuperation time are 
required. This valve replacement surgery is not free of complication and it is associated 
with a mortality rate in the best hands and circumstances of about five to six percent. 

Endovascular procedures for valve replacement provide an alternative to open heart 
surgery and this is the goal of our new invention. 

Previous endovasculai- treatments of disease heart-valves have focus in opening stenotic 
lesions in the mitral and aortic valve using specially designs balloons to dilate or split 
commissures in diseased aortic or mitral valves with cornmissural fusion and to crack 
calcific plaques in calcified stenotic aortic valves. 

The success for the mitral valve has been rewarding but the aortic valve results have been 
discouraging This method provides only partial and temporary relief for a patient with a 
stenotic aortic valve and this method cannot be used to treat valves with leakage. 
Moreover, aortic valvuloplasty in a few cases may induce severe aortic leakage that is not 
compatible with life. 

The method that we describe is to use a perqutaneously endovascular valve replacement. 
supplantation. In this procedure, a delivery system is used to insert a biological or 
mechanical valve in the lumen of a central blood vessel via entry th.rough the brachia! or 
femoral artery. Vascular access is obtained using a needle or exposing the artery 
surgically and a guide wire is placed through the entry vessel and it is advanced to the 
desired placed under fluoroscopically guidance. Dilators are advanced over the wire to 
increase the lumen of the entry site preparing the artery to receive the delivery system of 
our heart-valve. The heart-valve is then advanced to the desired place and.deployed under 
X-ray guidance. · 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
open heart surgical procedures, would require only local anesthesia, partial or no 
cardiac bypass, one to two days hospitalization, and should have a reduced mortality rate 
as compared to open heart procedures. · 

-~ 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 304 of 1441



RELEVANT LITERATURE 

U.S. Pat. No. 3,671,979 to Moulopoulos, issued Jun. 27, 1972, describes a 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. 

U.S. Pat. No. 4,056,854 to Boretos, issued Nov. 8, 1977, describes a 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 lie 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 fonnation expected from a valve at mid­
center position. 

SUMMARY OF THE INVENTION 

The invention relates to a new teclµuque and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-hean surgery. 

The valve replacement system includes the following components: 

1- A delivery system of the prosthetic valve device. 
2- A prosthetic valve device. 
3"'. An implantation technique 
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DESCRIPTION OF THE DRAWINGS 

FIG. 1 Delivery system of the self-expanded stented valve. 

FIG. 2 Initial deployment of the self-expan~ed stented valve. 

FIG. 3 illustrates a bottom view of stented valve. 

FIG._ 4 illustrates a top view of the stented valve. 

FIG. 5 illustrates a tissue laser wire used to cut the commisures of stenotic valve. 

FIG. 6 illustrates a diagram of the relationships, dimensions and folds used to create the 
valve. 

FIG. 7 illustrates a side view of a valve introducer. 

FIG. 9 illustrates a side view of the attachment point of the valve to the stent. 

FIG. 10 illustrates a top view showing the attachment points of the cusp of the valve. 

FIG. 11 illustrates an aortic valve in the side position. 

FIG. 12 illustrates an aortic valve from the top view. 

FIG. 13 is a side cross-sectional view of the valve mounted in the self-expanded stent. 

FIG. 14 illustrates a front view of the valve mounted in the stent in the open position. 

FIG. 15A is a close-up side cross-sectional view of the mounting stent and FIG. 15B in 
the closed position. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention relates to the supplantation or replacement of a cardiac valve in a 
host through percutaneous endovascular means. 

The valve replacement system includes 
(1) a delivery device 
(2) a prosthetic valve device 
(3) an implantation technique. 

GENERAL DESCRIPTION OF THE PROCEDURE 

The Femoral artery is canulated using a Cook needle and a standard J wire is advance 
into the artery either perutaneously 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 withdraw 
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 advance over the wire, starting with 12 Fall 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 
advance over the wire and repeat aortogram is performed to assess the competency of the 
valve. · 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prostetic 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 either aortic valvuloplasty or the new laser wire cutters and if this procedure 
induces aortic insuffictency the stented valve is placed to prevent the regurgitation . . 
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Once the endovascular implru;itation 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 tieart surgery. Routine physical 
examination, periodic echocardiography or angiography can be perfonned. 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. 

All publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made thereto without departing from the 
spirit or scope of the appended claims. 
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Manuel R. Valcarcel 
305-579-0812 

valcarcelm@gtlaw.com 

o~t[~~t~ □ 
ATTORNEYS AT LAIi' 

1~~~~!0 

ATTORNEY-CLIENT PRIVILEGED 
CONFIDENTIAL INFORMATION 

August 29, 2001 
VIA FACSIMILE (703) 413-4150 
AND FED EX 

Mr. Mark Miller 
Just Files 
2001 Jefferson Davis Highway 
Suite 506 
Arlington, VA 22202 

Re: Novelty Search for Percutaneous heart valve replacement device and method 
Our Reference No. 51458.010100 

Dear Mr. Miller: 

Please conduct a novelty search for the above-identified invention which is described 
below. 

A. Replacement Heart Valve Device. The replacement heart valve device comprises 
a stent made of stainless steel or self-expanding nitinol, a completely newly designed biological 
valve disposed within the inner space of the stent, and a delivery system having a central part 
which consists· of a hollow tube that allows a metallic wire to be advanced inside it. The stented 
valve is collapsed over this central metallic tubing 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 is a glutaraldehyde fixed bovine pericardium which has 
two or three cusps that open distally to permit unidirectional blood flow. Bioprostetic valves are 
presently a mainstay in aortic valve replacement and they are preferable in patients who cannot 
tolerate long-term anticoagulant therapy or are otherwise potentially noncompliant with a long 
term medical re,gimen. 

In making of the valve initially, the bovine pericardium material is isolated and all the fat 
tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

l;REENBERG TRAURIG, P.A. 
1221 BRICKELL AVENUE MIAMI, FLORIDA 33131 

305-579-0500 FAX 30S-S79-07I7 .www.gtlaw.com 

MIAMI NEW YORK WASHINCTON, D.C. ATLANTA PHILADELPHIA TYSONS CORNER CHICAGO BOSTON PHOENIX WILMINCTON Los ANGELES D1 

Sio PAUI.O FORT LAUDllRDAl,E BOC:A R.ATON WEST PALM BRACH ORLANOn TH.I,., ..... ., 
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Mr. Mark Miller 
Inst Files 
August 29, 2001 
Page 2 

oolution of gluteraldehyde at a concentration of 0.07% during 36 hours, then the pericardium is 
transferred to a solution of ethanol at 60% before making the valve. 

The valve is formed by taking a rectangular fragment of bovine pericardium and folding 
it in such a way that forms a three-leaflet valve. 

The endovascular valve can also be fresh, cryopreserved or glutaraldehyde fixed 
allografts or xenografts or synthetic non-biological, non-thrombogenic material. 

B. Implantation Method. 

The method for implanting said replacement heart valve device through an aortic 
passageway to, or near to, the location from which the natural heart valve ·has been removed 
comprises the following steps: 

inserting the replacement heart valve device in the lumen of a central blood vessel via · 
e.ntry through the brachia! or femoral artery using a needle or exposing the artery surgically; 
placing a guide wire 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 
roceive the heart-valve; and advancing the heart-valve to the desired place. 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
qren heart surgical procedures, would require only local anesthesia, partial or no cardiac bypass, 
one to two days hospitalization, and should have a reduced mortality rate as compared to open 
heart procedures. 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prosthetic stented valve is deployed below the subclavian artery. When the 
device is used to treat aortic stenosis, first the stenotic valve is opened using either aortic 
valvuloplasty or laser wire cutters and if this procedure induces aortic insufficiency the stented 
valve is placed to prevent the regurgitation. 

The stented-valve is released by pulling the cover sheath. of the delivery system allowing 
tm self-expanding stent to achieve its full expansion. At this point, a pigtail catheter is advanced 
over he wire ·and an aortogram is performed to assess the competency of the valve. 

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 san1e 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, 
h<11Vever, 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 
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Mr. Mark Miller 
Just Files 
August 29, 2001 
Page 3 

bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and 
patients unable to tolerate open heart procedures or life-long anticoagulation. 

Please do not hesitate to contact me at 305-579-0812 if you have any questions or need 
additional information to complete the search. Please let me know beforehand if the search will 
cost more than $400.00. 

Sincerely, 

GREENBERG TRAURIG, P.A. 

::;ue!R.St~ 
MRV/ps 

\\MIA-SRV0I \V ALCARCELM\1333881 v0 I \8/29/0I\S1458.010 I 00 

(;.RF.F.NRF.Rr. 'rRAflRTr.. PA 
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n~ff~~f~~ 
,.TTIIR~l'rJ iT I,\' 
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ATTORNEV..CUENT PRJ'VO ,'!c:ED 
@NlJDENTl,1.L •~FORMATION 

VIA FAP5Tft:Jll,F. {7Jl.1) 41.14150 
ANDfEP&X , 

Mr. Mark Milter 
JuatFilc.s 
2001 Jcffeno11 .Davis Highwiiy 
Suite $06 
Arlington. VA 22202 

August 29. 2001 

T-787 P.OO1/001 F-723 

ID)l§©!§DV 

lffi AUG 3 0 2001 

Rr. NoYelty lnrc.b fur Perautaaeou.c heart vaJve replacement de\llce IUld meth.Od 
Oar Reference No. 51458.010100 

Dear Mr. MUler: 

Plaa.so conduct a novelty ,c:wch for the a.bove-idelltified uivention wmc:h iG d.n"1'i.bed 
bolow, 

A. . .lfi!FJacement HP.Hrf VAlVj! nevil'..e. The rei,lacement heart valve devfc:e compriBe& 
a stenr ma'1o af ldafnlelilli stee1 or self-expa.ading nitinol. a completely newly designed bioloaical 
vaJve disposed wi\hin lhe lnne.r space of the scent. dRd a delivery system having II ceatnll pW1 
wblch conststS of a hallow tube Uuu ulluws ,11 m"'4Llliu win: tu t,c,,: aulvas.uctid ius.itlt., it. Th.c sta:ricd 
valve Is collapsed over this central mctaUiu h1bing u.ncl 1l I~ wv,;rw by II muvuble sheath .. The: 
sheath keeps the lri~n~ valv~ iu tbc, i::c:,llapscd position. Ow:c the oavcr shc;aOt is moved 
bmk.MU"Wi, &Jn: ~cd valve CcUl be deployed. 

The undovascular &tented-valve is a gll.uanddeh)'de fixed bovine pericardium which luu 
two orthreo 01.&sps that open dian.ally to petm;it unidJremonal bJood :tlow. Bioprostetic valves arc 
ptelent.ty a m.ahistay in aortic: valve replacement.~ they a.re· preferable in patients who cannnt 
tolerate long-term imticoagulant therapy or are otherwise potentially a.on.compliant with a long 
term medical regimen. 

ln makin,H uflhc vulvc inltirdly, the bovine porl"1lliwn ,natmal is wolated 81ld aJJ lhc fat 
tissuo 1111d CX1ra nbcr1 81'1: rcmov~. _O,:u;eo tho periooniiwn is complotcly clean, h 1e pJaoed in ll 

Un11a11a11•c: 'rt1,11Uiuu, I•. A. 
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Manuel R. Valcarcel 
(305} 5 79-0812 

oijf f ~~f ~u 
ATTORNEYS AT LAW 

1 ~~~-~I u 

November 27, 200 I 

ATTORNEY-CLIENT PRIVILEGED . 
CONFIDENTIAL COMMUNICATION 

VIA HAND DELIVERY 

David Paniagua, M.D. 
1865 - 79th Street Causeway 
Apartment 7-H 
Miami Beach, Florida 3 3141 

Re: Draft of patent application specification for percutaneously implantable heart 
valve replacement device and method of making same 

· Dear Dr. Paniagua: 

Enclosed for your review and revision as appropriate is the draft of the nonprovisional 
patent application specification for your above-referenced invention. Please review the draft at 
your earliest convenience (please also review the draft with the other co-inventors) and provide 
your comments, revisions and additional text. Please note the descriptions of the figures in the 
draft and if you have drawings or clear digital photographs that provide the views described in 
the description of the drawings, please provide them. The photographs provided previously are 
not clear enough for use in the application. If you do not have such photographs, please let me 
know if you can provide an actual sample of the device so that a draftsman can prepare the 
figures. 

MRV/ps 
Enclosures 

Best regards, 

GREENBERG TRAURIG, P.A. 

... OV~ 
:::Juel R. Valcarcel, Esq. 

\\MIA-SRV0I\VALCARCELM\l353475v01\I l/27/01\51458.010100 

GRE£NBERC TRAURIC, P.A. 

1221 BRICKELL AVENUE MIAMI, FLORIDA 33131 

305-579-0500 FAX 305-579-0717 www.gtla.,;.com 

IJAl'dl NEW YORK WASHINCTON, D.C. ATLANTA PHILAOELPHIA TYSONS CORNER CHICAGO BOSTON PHOENIX WILMINCTON Los ANCELl!S DENVEI' 

SAO PAULO FORT LAUOEROALE. BOC:A RATON WEST PALM BEACH ORLANDO TALLAHASSEE 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, each citizens of the United States of America, have invented 

a n~w and useful percutaneously implantable replacement heart valve and method of 

making same, of which the following is the Specification. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is in the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

5 method of making same. 

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 

10 background for the present invention. 

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 

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

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 

20 again becomes re-oxygenated to begin the circuit anew. 

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. lhe mitral valve has two leaflets and the tricuspid valve has three. The aortic 

25 and pulmonary valves are referred to as "semilunar valves" because of the unique appearance 
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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. 

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 diseased or damaged valve have been 

5 removed; leaflets or cusps; papillary muscles which are attached at their bases to the interio·r 

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. 

1 O 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 

ventricular cavitary pressure. This causes the initral valve to close while the aortic valve opens, 

15 allowing the oxygenated blood to be ejected 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. 

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 

20 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 reapproxJmate to prevent the blood which has entered 

the aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps 

25 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 

3 
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re-oxygenation. Neither of these semilunar valves has associated chordae tendinea,e, or 

papillary muscles. 

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 

5 · properly. In addition ·to stenos is 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.e., the systemic circulation side) of 

10 the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected 

body organ and immediate malfunction of that ornan. 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, 

15 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. 

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 

20 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 

25 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 

4 
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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 perc!Janeously 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 

5 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. Dlle balloon is expanded to create an opening in the blockage, and then the balloon is 

deflated ar,d the catheter and balloon are removed from the vessel. 

Erllfovascular procedures have substantial benefits both from the standpoint of health 

10 and safety as well as cost. Such procedures require minimal invasion of the human bo_dy, and 

there is cC11sequently considerable reduction and in some instances even elimination, of the use 

of a general anesthesia and much shorter hospital stays. 

Replacement heart valves can be categorized as either artificial mechanical valves, 

transplanted valves and tissue valves. Replacement heart valves are designed to optimize 

15 hemodynamic performance, thrombogenicity and durability. Another factor taken into, 

consideration is the relative ease of surgical implantation. 

Mecflanical 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 

20 blood clotfrlg can further complicate the patient's health due to increased risks for 

hemorrhages. 

Tramsplanted 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 

glutaraldeh}.te to eliminate antigenicity and are sutured in place, typically with a stent. 

5 
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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. 

Most tissue valves are constructed by sewing the leaflets of pig aortic valves to. a Stent to 

5 hold the leaflets in proper position, or by constructing valve leaflets from the pericardia! sac of 

cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically 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 

1 O replacement heart valve of the present invention solves this problem through a process to dry 

the pericardium in such a way that makes it possible to handle and fold more easily. 

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 pericardia! tissue strand is sutured directly to a papillary 

15 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 · 

20 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. 

A different approach to creating artificial tissue valves is described in U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! tissue is cut into a carefully defined geometric shape, treated with glutaraldehyde, 

25 then clamped in a sandwich-fashion between two stent components. This creates a tri-leaflet 

6 
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valve that resembles an aortic or pulmonary valve, having semilunar-type cusps rather than 

atrioventricular-type leaflets. 

U.S. Patent No. 3,671,979 to Moulopoulos describes an endovascularly inserted conical 

shaped umbrella-like valve positioned and held in place by an elongate.d mounting catheter at a 

5 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. 

U.S. Patent 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 arid 

1 O attached flaps of flexible membrane extend distally in the vasculature. The flaps lie 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 

15 embolic formation expected from a valve at mid-center position. 

The main advantage of tissue valves is that they do hot 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 

20 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. 

A shortcoming of prior artificial tissue valves has been the inability to effectively simulate 

25 the exact anatomy of a native heart valve. Although transplanted human or porcine aortic 

valves have the gross appearance of native aortic valves, the fixation process (freezing with 

7 
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liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of the 

valve tissue. Porcine and bovine pericardia! 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. 

5 · 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. 

SUMMARY OF THE INVENTION 

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 

1 O 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 used to create the valve. 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 

15 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. 

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 

20 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 bovine 

pericardium which has two or three cusps that open distally to permit unidirectional blood flow. 

The present invention also comprises a method of making a replacement heart valve 

25 device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue and extra fibers are removed. Once the pericardium is completely clean, It is placed in a 

8 
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solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36
1
hours, then 

the pericardium. is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is formed by taking a rectangular fragment of bovine pericardium and folding it 

5 in such a way that forms a three-leaflet valve. The valve can also be made 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 valve is rehydrated after being formed. The method of the p·resent 

1 O invention also greatly reduces the risk of tearing of the cusps or leaflets, since they are integral 

to the valve rath~r than being attached by suturing. 

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, 

15 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 

20 anticoagulation medication and treatment. The present invention can be practiced in 

applications with respect to each of the heart's valves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective view of the replacement heart valve of the present 

invention in one embodiment without the stent. 

9 
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10 

Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart valve of 

the present invention in one embodiment. 

Fig. 3 depicts the _procedure for folding the pericardium tissue starting material to create 

th'e replacement heart valve of the present invention. 

Fig. 4 depicts a side perspective view of the replacement heart valve of the present 

invention in one embodiment mounted within a stent. 

Fig. 5 depicts a cross-sectional view of one embodiment of the replacement heart valve 

of the present invention mounted within a self-expanding stent, with the stent in the expanded 

position. 

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

Fig. 7 depicts the suture points of one embodiment of the replacement heart valve of the 

present invention. 

Fig. 8 depicts the implantation/delivery system used with the present invention in a 

15 . preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention comprises a percutaneously 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 

20 expanded position. A preferred embodiment of the replacement heart valve according to the 

present invention is set forth in FIGS. 1 and 2. The replacement heart valve comprises a stent 

member_ and a flexible valve means _. The stent member is self-expanding and has a first 

cylindrical shape in its compressed or collapsed configuration and a second, larger cylindrical 

shape in its expanded configuration. The valve. means comprises a ~enerally tubular center 

25 portion and, preferably, a peripheral upstanding cusp or leaflet portion. The valve means is 

10 
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disposed within the cylindrical stent member with the tubular portion transverse of and at some 

acute angle relative to the stent walls. The diameter of the tubular portion is substantially the 

same as the· inside diameter of the stent member in its initial expanded configuration. Th_e 

peripheral upstanding cusp or leaflet portion is disposed substantially parallel to the walls of the 

5 stent member similar to a cuff 6n a shirt. The center portion _ of the valve means _ is 

generally tubular in shape and comprises three leaflets _ as shown, although it is understood 

that there could be from two to four leaflets. The tubular portion of the valve means is attached 

to the stent member_ by a plurality of su~ures _. 

The leaflet portion of the valve means _ extends across or transverse of the cylindrical 

10 stent The leaflets _ are the actual valve and allow for one-way flow of blood. The leaflet 

portion as connected to the rest of the valve resembles the cuff of a shirt. The configuration of 

the stent membe( _ 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, 

15 the sett-expanding stent member _ will cause the artificial heart valve to take its expanded 

configlllation, as seen in FIG. _. 

Stent Member 

The stent member_ comprises self-expanding nickel-titanium alloy, also called "nitinol," 

in a sine wave-like configuration as shown in FIG. 1. An enlarged view of a preferred 

20 embodiment of the stent member for use in the replacement heart valve of the invention is 

depicted in FIG. 5. The stent member_ includes a length of wire _ formed in a closed zigzag 

configuration. The wfre can be a single piece, stamped or extruded, or it could be formed by 

welding the free ends together as at _. The straight sections _ of the stent are joined by 

bends _. The stent is readily compressible to a small cylindrical shape and resiliently self-

25 expandable to the shape shown in FIG. 5. 

11 
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The stent members of the artificial heart valves 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 biocom·patible materials. 

The configuration may be the zigzag configuration shown or a sine wave configuration, mesh 

5 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 should be from about [0.010 to 0.035] inches, preferably 

from about [0.012 to 0.025I inches. The diameter of the stent member will be from about [1.5 to 
I 

3.5 cm!, preferably from about (1. 75 to 3.00 cm], and the length of the stent member will be from 

10 about [1.0 to 10 cm), preferably from about (1.1 to 5 cm.) 

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 

15 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 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel through the diseased cardiac valve following its 

implantation. 

20 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 

25 sheath, they instantaneously reassume their predetermined shapes, thus allowing them to 

function as designed. 

12 
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Preferably the stent member carries a plurality of barbs extending outwardly from the 

outside surface of the stent member for fixing the heart valve 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 

5 downstream direction. It is especially preferable that the barbs on the inflow side 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 sterit 

member will readily collapse and expand as pressure is applied and released, respectively. 

10 Valve Means 

The valve means is flexible, compressible, host-compatible, and non-thrombogenic. The 

valve can be, for example, fresh, cryopreserved or glutaraldehyde fixed allografts or xenografts. 

Synthetic biocompatible materials such as polytetrafluoroethylene, polyester and the like may 

be used. The preferred material for the valve means is bovine pericardium tissue. The valve 

15 means is disposed within the cylindrical stent member with the tubular portion transverse of and 

at. some acute angle relative to the stent walls. The diameter of the tubular portion is 

substantially the same as the inside diameter of the stent member in its initial expanded 

configuration. The peripheral upstanding cusp or leaflet portion is disposed substantially parallel 

to the walls· of the stent member similar to a cuff on a shirt. 

20 The cusp or leaflet portion of the valve means is formed by folding of the pericardium 

material used to create the Vijlve. 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 configu~ation. 

13 
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Method of Making Replacement Heart Valve Device 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

. tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

5 solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 
J 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of a.bout . 

60% before making the valve. The valve is formed by taking a rectangular fragment of bovine 

pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

valve. FIG. 2 depicts the folds which form the cusps or leaflets, and FIG. 3 depicts the folding 

1 O procedure. 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. 

In order to make the pericardium material less slippery and easier to fold, the 

15 pericardium is dried, preferably with artificial light using a 60-watt lamp with the pericardium 

material placed in a flat aluminum surface to dry it homogeneously. A photo drying machine 

can also be used. The final result is a homogeneous 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% ale.oho!. In approximately 3 days the valve 

20 is fully rehydrated. 

Attachment of the Valve Means to the Stent Member 

The valve means is then attached to the inner channel of the stent member by suturing 

the outer surface of the valve means' pericardium material to the stent member. Fig. 7 depicts 

preferred suture points of one en:ibodiment of the present invention: 3-point fixation or 6-point 

25 fixation at each border of the stent. Other fixation schemes can be utilized, such as, by way of 
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non-limiting example, fixation on· both borders 18 points at each 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 

5 preferably closer to the proximal and wider part of the stent. 

The sequence of steps can vary. The pericardium materia·1 can be fixed in 

glutaraldehyde before attachment to the stent or the valve can be formed and then fixed with 

gluteraldehyde 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 

10 coapted while fixing them in gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials can be used, including, in a preferred embodiment, prolene 6-

15 O and Mersilene 6-0 which is a braided suture. 

Implantation of Replacement Heart Valve Device 

The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the percu~aneous and transluminal removal of the diseased or 

defective heart valve and the percutaneous and transluminal implantation of the new heart valve 

20 described above. The defective heart valve is removed by a suitable modality, such as, for 

example, laser, ultrasound, mechanical, or other su_itable 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 percutaneously and transluminally using standard 

25 vascular or angiography techniques. The distal end of the guidewire is manipulated to extend 

15 
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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 

5 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 

10 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 cutting tool is in place, the balloon is inflated 

15 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 

20 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. 

The delivery and implantation system of the replacement artificial heart valve of the 

25 present invention percutaneously and transluminally includes a flexible catheter which may be 
inserted into a vessel of the patient and moved within that vessel. The distal end of the catheter, 

16 
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which is hollow and carries the replace_ment heart valve 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 disposed within the catheter lumen and extending from the 

proximal end of the catheter to the hollow section at the distal end of the catheter. Once the 

5 distal end of the catheter is positioned as desired, the pusher mechanism is activated and the 

distal portion of the replacement heart valve is pushed out of the catheter and the stent member 

partially expands. In this position the stent member is restrained so that it doesn't pop out and is 

held for controlled release, with the potential that the replacement heart valve can be recovered 

if there is a problem with the positioning. The catheter is them retracted slightly and the 

10 replacement heart valve is completely pushed out of the catheter a.nd released from the catheter 

to allow the stent member to fully expand. If the stent member 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 will set the 

other circle of barbs in adjacent tissue and securely fix the replacement heart valve in place 

15 when the valve is released from the catheter. 

Alternatively, or in combination with the above, the replacement heart· valve 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 

20 removed. Referring to Fig. 8, the implantation system comprises a fl_exible hollow tube catheter 

with a metallic guide wire disposed within it. The stented valve is collapsed over the tube and is 

covered by a moveable sheath. The moveable sheath maintains the stented valve in the 

collapsed position. comprises the following steps: inserting the replacement heart valve device 

in the lumen of a central blood vessel via entry through the brachia! or femoral artery usi.ng a 

25 needle or exposing the artery surgically; placing a guide wire through the entry vessel and 

advancing it to the desired position; advancing dilators over the wire to increase the lumen of 

17 
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the entry site, thereby preparing the artery to receive the heart-valve; and advancing the heart­

valve to the desired place. 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 an aortogram is performed to assess the 

5 competency of the valve. 

10 

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. 

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 percutaneously or after surgical exposure of the artery. 

An 8 F introducer is advanced into the f~moral artery over the wire. The J wire is· then 

withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular 

15 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 fs released 

20 _ 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. 

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 

25 device. is used to treat aortic stenosis, first the stenotic valve needs to be opened using either 

18 
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aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented valve 

is placed to prevent the regurgitation. 

lntravascular ultrasound or an angioscope passed intravascularly via either the venous 

system through the intra-atrial septum across the mitral valve -and into the left ventr:icle or 

5 retrograde via the femoral artery would provide the added benefit of allowing constant high 

definitio~ imaging of the entire procedure _and high flow irrigation. 

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, 

10 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 cardfac valve diseases, and 

patients unable to tolerate open heart procedures or life-long anticoagulation. In addition, with 

15 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 ben~ficial in certain clinical situations for either short or long term use. 

20 This method of percutaneous 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. 

While the present invention has been shown and described herein in what is considered 

25 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 
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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. 

20 
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CLAIMS 

Having thus described the invention, what is claimed is: 

1. A percutaneously implantable replacement heart valve device comprising a self-

expanding stent member and an artificial valve means made of biocompatible tissue material 

5 and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed by folding of said 

biocompatible tissue material. 

2. The percutaneously implantable replacement heart valve of claim 1, wherein said 

stent member is made of a metal or alloy of metals selected from the group consisting of nickel-

1 O titanium alloy, titanium, stainless steel [add others]. 

3. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises bovine pericardium tissue. 

4. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of s_aid valve means comprises porcine pericardium tissue. 

15 5. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises autologous tissue obtained from 

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

6. A method of making a percutaneously implantable replacement heart valve 

comprising the following steps: 

obtaining a substantially rectangular segment of biocompatible tissue material; 

soaking said biocompatible tissue material in a gluteraldehyde solution; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatible tissue material; 
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folding said dried biocompatible tissue material to create cusps or leaflets and a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 

22 
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ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart. valve device comprises a stent 

member made of stainless steel or self-expanding nitinol, a biological tissue artificial valve 

5 means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that allows a 

metallic wire guide to be advanced inside it. The endovascular stented-valve is a 

glutaraldehyde fixed bovine pericardium which has two or three cusps that open distally to 

permit unidirectional blood flow. The present invention also comprises a novel method of 

10 making a replacement heart valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp 

valve with the leaflets/cusps formed by folding, thereby eliminating the extent of suturing 

required, providing improved durability and function. 

\\M/A-SRV01\VALCARCELM\1341939v01\11/27/01 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION. 

BE IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Canas Mejia, Francisco 

Lopez and R. David Fish, each Gitizens of-the United States of America, have 

invented a new and useful percutaneously implantable replacement heart valve devjce 

and method of making same, of which the following is the Specification. 
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BACKGROUND OF THE INVENTION 

1. field of the Invention 

The present invention is in the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

method of making same. 

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. 

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. 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 fo begin the circuit anew. 

"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 move.able "leaflets" 

· that are designed slmply 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 
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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. 

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 diseased 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. 

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 expandil')g ventricular cavity. Once 

the left ventricular cavity has filled, the left ventricle contracts, causing a rapid rise in the left 

ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens, 

allowing the oxygenated blood to be ejected 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. 

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 
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.resp<l'td passively in the same manner In response to relaxation and contraction of the right 

ventride in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for 

re-oX!Jenation. Neither of these semilunar valves has associated chordae tendineae. or 

papilla,y muscles. 

Problems that can develop with heart valves consist of stenosis, in which a valve does 

not opm properly, and/or insufficiency, also called regurgitation, in which a valve does not close 

p~opeit,. In addition to stenosis and in~ufficlency of heart valves, heart valves inay.:ne~ lb.be 

surgicaly repaired or replaced due to certain types of bacterial or fungal infections in which the 

valve aey continue to function normally, but nevertheless harbors an overgrowth of bacteria 
I 

(vegetdon) on the leaflets of the valve that may embolize and lodge downs'tream in a vital 

artery. If such vegetations are on the valves of the left side (i.e., the systemic circulation side) 

of the '8art, embolization may occur, resulting in sudden loss of the blood supply to the 

affectel body organ and immediate malfunction of that organ.· The organ most commonly 

affectedby such embolization is the brain, in which case the patient suffers a stroke. Thus, 

surgicaJ replacement of either the rriitral or aortic valve (left-sided heart valves) may be 

necessay 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 reB1lting in a lung abscess and therefore, may require replacement of the tricuspid valve 

even thCBgh no tricuspid valve stenosis or insufficiency is present. 

lliese 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 

currentlyeveral options available, and the choice of a particular type of artificial valve depends 

on factoESsuch as the location of the valve, the age· and other specifics of the patient, and the 

surgeon'sexperiences and preferences. Currently 1n the United States over 100,000 defective 

heart vallas are replaced annually, at an approximate cost of $30-50,000 per procedure, and 
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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 percutaneously and transluminally using the vascular system to convey appropriate devices 

to the position in ·the body wherein it is desirecf to carry out tlie cfesited 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 balloon is expanded to create an opening i.n the blockage, and then the balloon is 

deflated and the catheter and balloon are removed from the vessel. 

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. 

Replacement heart valves can be categorized as eit~er artificial mechanical valves, 

transplanted val.ves 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. 

Mechantcal 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. 
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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. 

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. 

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 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 to dry 

. the pericardium in such a way that makes it possible to handle and fold more easily. 

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 pericardia! 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 nativ_e valve. 
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A different approach to creating artificial tissue valves is described in U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! 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. 

U.S. Patent No. 3,671,979: t~ 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. 

U.S. Patent 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 lie against the 

artery waD 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. 

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-tenn 

durability of mechanical valves. Tissue valves have a significant failure rate, usually within ten 

years follo\lklg implantation. One cause of thes·e failures is believed to be· the chemical 

treatment of the animal tissue that.prevents it from being antigenic to the patient. In addition, 
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the presence of extensive suturing prevents the artificial tissue valve from being anatomically 

accurate in comparison to a normal f:l~art valve, even in the aortic valve position. 

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 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 pericardia! valves not orily 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. 

SUMMARY OF THE INVENTION 

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 used to create the valve .. .ru.tJ.ir:,. 

forms of tjssue and sujtable sypthetic materials can also be used for the valve. formed 10 

a sheet of starting material. The folded design provides a number of advantages over 

prior designs, jncluding improyeg 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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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 bovine 

pericardium which has two or three cusps that open distally to permit unidirectional blood flow._ 

The stent can either be setf:.expanding or the stent can be expandable through use of a 

balloon catheter. 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve; the bovine pericardium material is isolated and all the fat 

tissue arid extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is formed by taking a rectangular fragment of bovine 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 valve is rehydrated after being formed. The · 

method of the present invention also greatly red1,1ces the ris~ of tearing of the. 9Y?..PS or leaflets, 

since they are integral to the valve rather than being attached by suturing. 

Once the endovascular implantation of the prosthetic valve device is completed in the 

host, the function of the prosthetic valve device can be mo~itored by the same methods as 
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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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective view of the replacement heart valve device of the 

present invention in one embodiment~ the sten-tvalye in the closed posltlon. 

Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart valve 

of the present invention in one embodiment. 

~fig,§,. 3 depictsA and 38 depict the procedure for folding the pericardium tissue 

starting material to create the replacement heart valve of the present invention. 

· fig, 4 depicts a side perspective view of the replacement heart valve device of the 

present invention io one embodiment represented as if implanted within an artery. 

Fig. 4-.t?. depicts a side perspecti.,.e view of one embodiment of the replacement heart 
. . 

valve device of the present invention m-e-Re ernhedirnont -mounted within a self-expanding 

stent wJtb the stent in the expanded position. 

Fig. i§ depicts a. Gress seotioAalside perspectiye view of one embodiment of the 

replacement heart valve ,device of the present invention mounted •within a self •expanding stentr 

i.\•lth tf.:le steAt in the e:>cpandedcollapsed position. 
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~ depicts -a --&kle peFSpesti•,e -¥iew -Gf -&Re embodiment-Gt-the replacement. 

hear=t -¥alve -Gf -4he preseRt iR•.cention mounted within a self expanding -sumt -m -Ute -

sollapseEi position. 

~.EISL 7 depistsdepicts the suture points of one embodiment of the replacement 

heart valve device of the present invention. 

Fig. 8 depicts the implantation/delivery system used with the present invention in a 

preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

_The present invention comprises a percutaneously implantable replacement heart valve 

and a m~thod 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 F-l-GSfl5l. -1---an-a-2.~ The replacement heart valve 

device comprises a stent member ~ and a flexible valve means -·~ The stent 

member..l.SlQ. is preferably self-expanding although balloon-expandable stents can be used 

as well_ and has a first cylindrical shape in its compressed or collapsed configuration and a 

second, larger cylindrical shape in its expanded configuration. +h&Referring to FIG 1 the 

valve means=2,Q,Q comprises a generally tubular center portion.JlQ and, preferably, a peripheral 

upstanding cusp· or leaflet portion"~ The valve means~ is disposed within the cylindrical 

stent member .1D.Q,.with the tubular portion 2112,.transverse of and at some acute angle relative to 

the stent walls. The diameter of the tubular portion ~is substantially the same as the inside 

diameter of the stent member in its initial expanded configuration. The peripheral upstanding 

cusp or leaflet portion llQ..,is disposed substantially parallel to the walls of the stent member 

similar to a cuff on a shirt. _The eentercysp or leaflet portion ~ of the valve means =29.Q 
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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 .2.Q.Qjs attached to the stent member :::=.1QQ' by a plurality of sutures 300, as 

depicted Jo FIG. L 

The leaflet portion ~of the valve means =:=1W2 extends across or transverse of the 

cylindrical stent,..1Jl,Q,,_ The leaflets 221, 222 and 223 are the actual valve and allow for one­

way flow of blood. The leaflet portion ~as connected to the rest of the valve resembles the 

cuff of a shirt. The configuration of the stent member ::::1W2 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 bel-ng restrained. 

"Once the restraint is removed, the self-expanding stent member~ will cause the artificial 

heart valve to take its expanded configuration, as seen in FIG. --~ 

Stent Member 

The stent member -100 preferably comprises ,iL.self-expanding nickel-titanium alloy_ 

.§li.m. also called "nitinol," in a sine wave-like configuration as shown in FIG. 4-.-~ 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 ::::1W2 includes a length of wire :::l1Q. 

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-as-at · . The straight sections ---0f 

the stent member 100 are joined by bends-::::, The stent is readily compressible to a small 

cylindrical shape as depicted jn FJGS. 6 and 8, and resiliently self-expandable to the shape 

shown in FIG. 5. 

The stent membersmember 100 of the artificial heart i.<al'l:esyalve device of the 

present invention may be made from various metal alloys, titanium, titanium alloy, nitinol, 
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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 b~ 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 

shoulElli llepreferabfv from about £0.01 o to 0.035} inches and stm, preferably from about 

£0.012 to 0.0251 inches. The.diameter of the st_ent 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.J 

The sterit used in a preferred embodiment of the present invention is fabricated from a 

"shaped memory" alloy, nitinof, 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 tupular 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 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel -through the diseased cardiac valve following its 

implantation. 

When the components of the replacement heart valve device ·are exposed to cold 

te_mperatures, they become very flexible and supple, allowing them to be compressed down and 

pass easily through the ~elivery 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. 
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Preferably the stent member 1Wl,carries a plurality of barbs extending outwardly. from 

the outside surface of the s.tent member for fixing the heart valve device in a desired position. 

More preferably the barbs are disposed in two spaced-apart, circular C9nfigurations 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 

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 

The valve means~ is flexible, compressible, host-compatible, and non-thrombogenic. 

The valve means 200 can be made from yarjous materials. for example, fresh, cryopreserved 

or glutaraldehyde fixed allografts or xenografts. Synthetic biocompatible materials such as 

polytetrafluoroethylene, polyester and the like may be used. The preferred material for the 

valve means .2.Wt,is bovine pericardium tissue. The valve means ~is disposed within the 

cylindrical stent member 1.Q!;Lwith the tubular portion ~transverse of and at some acute angle 

relative to the stent walls. The diameter of the tuoular portion i:Ulis substantially the· same as 

the inside diameter of the stent member !Q.CLin its initial expanded configuration. Th'3 peripheral 

upstanding cusp or leaflet portion ~is disposed substantially parallel to the walls of the stent 

member.,1Wl similar to a cuff on a shirt. 

The cusp or leaflet portion ~of the valve means...2.12.Q is formed by folding of the 

pericardium material used to _crea~e the valve. FIGS. 3A and 3B depict the way the sheet of 

heart valve starting material Is folded The cusps/leaflets 221 222 and 223 open in 
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response to blood flow in one direction and close in response to blood flow in the opposite _ 

direction. Preferably the tllhYlarcusp or leaflet portion 22J;Lof the valve means.lQQ contains 

the same number of cusps as the native valve being replaced, in substantially the same size 

and configuration. 

Method of Making Replacement Heart Valve Device 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue and extra fibers are removed. Once the pericardium is cqrnpletely clean, it is placed in a 

solution of gluter~ldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

"the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The valve is formed by taking a rectangular fragment of bovine 

pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

valve.---FJG..--2- depists-the-f&kts- whioh...fe.Fm-the Gusps~ leaflets. -a-R-G--RG: as shown in 

FfGS. 3A and 3_ depiGts the folding praGedurel;l. The folding of the pericardium material tp 

create the cusps or leaflets reduces the exten_t 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. 

In order to make the pericardium material less slippery and easier to fold, the 

pericardium is dried, preferably with artificial light using a 60-:Watt lamp with the pericardium 

material placed in a flat aluminum $Urface to dry it homogeneously. A photo drying machine 

can also be used. The final result is a homogeneous _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 th~ valve 

is fully rehydrated. 
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Attachment of the Valve Means to the Stent Member 

The valve means 2,WLis then attached to the inner channel of the stent member jjlilby 

suturing the outer surface of the valve means' pericardium material to the stent member. 

Fi-gfl'2.. 7 depicts preferred suture points of one embodiment of the present invention: 3-point 

fixation or 6-point fixation at each 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 each 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. 

The sequence of steps can . vary. The pericardium materfal can be fixed in 

glutaraldehyde before attachment to the stent or the valve can be formed and ·then fixed with 

gluteraldehyde 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 iri gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials. can be used, including, in a preferred embodiment, prolene 6-

0 and Mersilene 6-0 which is a braided suture. 

Implantation of Replacement Heart Valve Device 

The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the percutaneous and transluminal removal of the diseased or 

<:ie~ective he_art valve and the percutaneous and transluminal implantation of the new heart 
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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 guldewire is inserted percutaneously 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 tl'irough-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 subclavlan 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 he_art 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 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 th.e 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. 
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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. 
. -

The delivery and implantation system of the replacement artificial heart valve of the 

present invention percutaneously and transluminally includes a flexible catheter -which may 

be inserted into a vessel of the patient aad moved within that vessel as depicted in FIG. L 

The distal end .il{Lof the catheter;~ 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 ~ 

disposed within the catheter lumen ~and extending from the proximal end !UO._of the 

catheter to the hollow section at the distal end fil,of the catheter. Once the distal end ill,.of 

the catheter is positioned as desired, the pusher mechanism ~is activated and the distal 

portion of the replacement heart valve device is pushed out of the catheter and the stent 

member...11lll partially expands. In this position the stent rr1ember j,g,g_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 ~is 

them,trum retracted slightly and the replacement heart valve deyjce is completely pushed out 

of the catheter ~and released from the catheter to allow ~he stent member 1'Ut.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 deyice will set the other 

circle of barbs in adjacent tissue and securely fix the replacement heart valve device in _place 

when the val-vedevlce is released from the catheter. 
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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 Figflil. 8, the implantation system comprises a flexible hollow 

tube catheter il2,.with a metallic guide wire ~disposed within it. The stented valve device is 

collapsed over the tube and is covered by a moveable sheath.~ The moveable sheat~ 

maintains the stented valve device in the collapsed position._ The implarjtatron ·method 

comprises the following steps: inserting the rep/acement heart valve device In the lumen of a 

central blQod vessel v_ia entry through the brachia! or femoral artery using a needle or exposing 

the artery surgically; placing a guide wire ~through the entry vessel-and advancing ii 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 deyjce to 

the desired place. The stented-valve device is released by pulling the cover sheath..!§.Q 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 an aortogram is performed to assess the 

competency of the valve. 

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.-

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 percutaneously 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 
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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. 

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, firs~ the stenotic valve needs to be opened using either 

aortic valvufoplasty or cutting and if this procedure induces aortic insufficiency the stented valve 

is placed to prevent the regurgitation. 

lntravascular 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 allo!J¥ing constant high 

definition imaging of the entire procedure and high flow irrigation. 

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 examina~ion, 

periodic echocardlography 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 end·ovascular procedure. The prosthetic valve device can be used In any patient where 

bioprosthetlc valves are indicated, namely elder1y patients with cardiac valve diseases, and 
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patients unable-to tolerate open heart procedures or life-long anticoagulation. In addition, with 

the development of longer-life, flexible, non-thrombogenlc synthetic valve alternatives to 

bloprosthesis, 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. 

This method of percutaneous 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. 

While the present invention has been shown arid 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 ta 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 

scape of the present invention. 
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- CLAIMS 

Having thus d·escribed the invention, what is claimed is: 

1. A percutaneously implantable replacement heart valve device comprising a self.. 

e,cpaAEliRg-stent member and an artificial valve means made of biocompatible tissue material 

and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed by folding of a substantfally 

rectangular she~t of said biocompatible-tissue material. 

2. The percutaneously implantable replacement heart valve gevlce of cl~im 1, 

wherein said stent member is made of a metal or alloy of metals selected from the group 

consisting of nickel-titanium alloy, titanium, stainless steel [add" others]. 

3. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises bovine pericardium 

tissue. 

4. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises porcine pericardium 

tissue. 

5. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue materiar ·of said valve means comprises autologous tissue 

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

Ibe percutaneously lmp!antabte heart valve device of claim 1. wherein said 

stent member is self::expandjng when imptanted. 

L The percutaneously impfaotable heart valve device 0t cta_im 1 wheraln said 

steot member Js balloon catheter expandable when implanted. 
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~ A method of making a percutaneously Implantable replacement heart valve_ 

devjce comprising the following steps: 

obtaining a substantially r~clangular segmentsheet of biocompatible tissue 

material; 

soaking said biocompatible tissue material in a gluteraldehyde solution; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatible tissue material; 

folding said dried biocompatible tissue material to create cusps or leaflets and a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 

a. The method of making a percutaneoustv Jtpptantable replacement heart 

valve device claim s wherein said biocompatible tis:,ue material comprises bovine 

pericardium tissue. 

12,, The method ot making a percytaneousfy implantable replacement heart 

valve device claim a, wherein said biocompatible tissue material comprises porcine 

pericardium tissue, 

11. The ·method of making a percytaneoysty implantable replacement heart 

yatve device claim a, wherein said biocompatjbte tissue material comprises autofogoys 

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

implanted 

.ll... Iba method of making a perc;utaneoysly IOOplantabJe replacement heart 

yatye geyic@ of claim a. whereto said stent 1s made of a metal or· auoy of metals seJecteg 

from the group_cqnsistlng of nlcket-t;tanlum alloy, titanium, sta101ess steel, [add ottiersJ. 
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ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart valve device comprises a stent 

member made of stainless steel or self-expanding nitinol, a biological tissue artificial valve 

means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that allows a 

metallic wire guide to be advanced im1ide it. The endovascular stented-valve is a 

glutaraldehyde fixed bovine pericardium which has two or three cusps that open distally to . . 

permit unidirectional blood flow. The present invention also comprises a novel method of 

making a replacement heart· valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp 

valve with the leaflets/cusps formed by folding, thereby eliminating the extent of suturing 

required, providing improved durability and function. 

\WJA-SRV01\l1AbC/\RCEbM11341939,,01111 t..2:U01\\MIA:§8YQ1WAI CARCELM\1341939yt12\12/28l01 
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□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

• If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DAWN BREWER/ 
*** 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 number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. 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 12 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Office Action Summary 

Application No. 

10/887,688 

Examiner 

CHERYL MILLER 

Applicant(s) 

PANIAGUA ET AL. 

Art Unit 

3738 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

Responsive to communication(s) filed on 15 December 2008. 

This action is FINAL. 2b)IZI This action is non-final. 

1 )IZI 

2a)0 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1Zl Claim(s) 1-37 is/are pending in the application. 

4a) Of the above claim(s) 11-26 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1Zl Claim(s) 1-10 and 27-37 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) IZ! Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20090311 
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A request for continued examination under 3 7 CFR 1.114, including the fee set forth in 

3 7 CFR 1.17 ( e ), was filed in this application after final rejection. Since this application is 

eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 

has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 

37 CFR 1.114. Applicant's submission filed on December 15, 2008 has been entered. 

Response to Arguments 

Applicant's arguments with respect to claims 1-10 and 27-36 have been considered but 

are moot in view of the new ground(s) ofrejection. 

The Bailey et al. (US 6,652,578 B2) rejection has been maintained for some of the claims 

and the examiner has responded to applicants arguments. The applicant has argued that Bailey 

does not disclose a sheet having one or more folds defining cusps or leaflets. The examiner 

disagrees. Bailey discloses graft (sheet) everted (folded) into leaflets (28). See figure 10 which 

clearly shows leaflets (28) as a continuum of sheet (graft 11 b) that is folded at 27, (see col.9, 

lines 19-27 which discussed everting the graft material). Bailey's additional cuff fold is when 

I la is a continuum of I lb (col.9, lines 27-32) and sheet (graft I la) is folded inward to form 

sheet (graft 11 b ). 

The applicant has also argued that Bailey does not disclose the valve body entirely within 

the inner space of the stent. The examiner disagrees. When the valve body is considered 

11 b+ 26, it is entirely within the stent. When the valve body is considered 11 a+ 11 b+ 26, at least 
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11 b+ 26 is within the valve body ( as the entirety of the valve is not required by the claims to 

reside within the inner space). 

The applicant has also argued that Bailey does not anticipate the claims as Bailey's 

device requires valve struts on the leaflets. The examiner disagrees as the applicant's claims do 

not preclude the use of additional elements such as struts. Although the struts help regulate the 

flow by helping the leaflets open and close by their bias, the leaflets themselves also help 

regulate the flow ( as flow would not be regulated without the leaflets, if the struts were used 

alone). 

The applicant further argues that patentable weight must be given to the process in a 

product by process claim. The examiner disagrees. Patentable weight is given only to the end 

product structure. 

It is noted that although Bailey 578' has not been applied herein, the parent patent 

(Bailey et al. US 6,458,153 Bl) has as it is believed to be applicable as a 102(b), see Priority 

section below. The same response to arguments for the 578' patent corresponds to the 153' 

patent. 

Declaration 

The declaration filed on December 15, 2008 under 37 CFR 1.131 has been considered but 

is ineffective to overcome the Bailey (US 6,652,578 B2) reference. 

The evidence submitted is insufficient to establish a conception of the invention prior to 

the effective date of the Bailey reference. While conception is the mental part of the inventive 

act, it must be capable of proof, such as by demonstrative evidence or by a complete disclosure 
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to another. Conception is more than a vague idea of how to solve a problem. The requisite 

means themselves and their interaction must also be comprehended. See Mergenthaler v. 

Scudder, 1897 C.D. 724, 81 O.G. 1417 (D.C. Cir. 1897). Portions of the declaration that are 

declared to have occurred prior to December 31, 1999 do not provide sufficient support for a 

valve being unslit or uncut and also an inner and an outer fold. 

Priority 

Claims 1-10 and 27-37 have been given the priority date of July 10, 2004. 

Regarding claims 1-10, 27-29, and 33-37, the language "unslit", "without slits", and 

"uncut" are not present in parent application 10/037,266. Although the parent application does 

not disclose cutting or slitting the valve body, it does not disclose the valve body to be unslit or 

uncut either. From the figures of the valve in the parent application (fig.I, 2, and 3b for example 

that best show the leaflets), it is unclear whether or not the leaflets have slits or cuts, as the 

leaflets appear to have an arcuate shape. Also, the negative limitation of "uncut", "unslit" and 

"without slits" precludes the use of cutting or slitting, which was not necessarily precluded in the 

parent application. As such, the limitation "unslit" and "without slits" are given the priority date 

of July 10, 2004. 

The language of claims 5, 6, and 8 is not contained in the parent application (10/037,266) 

and is given the priority date of July 10, 2004. 

Claims 27-32, and 34-35 require an upper border fold and lower border fold, which is not 

present in the parent application (10/037,266) and is given the priority date of July 10, 2004. 

Claims 31 and 35 require two separate sheets attached to one another, not present in 

parent application (10/037,266) and receive the priority date of July 10, 2004. 
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The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claim 35 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply with the 

written description requirement. The claim(s) contains subject matter which was not described 

in the specification in such a way as to reasonably convey to one skilled in the relevant art that 

the inventor(s), at the time the application was filed, had possession of the claimed invention. 

The specification and drawings do not seem to provide support for two separate sheets of 

material, each having a fold, wherein the "upper border of said first sheet joined to said lower 

border of said second sheet". Although an embodiment of having two separate sheets is 

disclosed (not shown), the location of the attachment (where joined) is not disclosed. Thus 

applicant does not have support for the "upper border of said first sheet joined to said lower 

border of said second sheet". 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

( e) the invention was described in ( 1) an application for patent, published under section 122(b ), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 
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Claims 1, 2, 7-10, 27-28, 30-34, and 36-37 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Bailey et al. (US 6,458,153 Bl; assuming all claims receive a priority date of July 

10, 2004). Bailey discloses an implantable heart valve (figs.1-5 for example) comprising an 

expandable stent (12) and an inner flexible compressible valve (11 b+26) made of biocompatible 

material (col.8, lines 37-40) disposed within the stent (12) and affixed to the stent (see figs) the 

valve having leaflets without slits (see fig.2; valve body disclosed as a tubular graft 11 b 

extension, col.9, lines 11-20). Bailey discloses the stent (12) to be made of the materials claimed 

(nitinol; col.8, lines 4-8). Bailey discloses the valve to be formed of biological or synthetic 

materials (col.8, lines 37-40). Bailey's valve is capable of self-expansion or balloon expansion 

(col.8, lines 4-8). Bailey discloses an outer cuff portion (considered I la; which may be integral 

to 11 b and 26; see col.9, lines 20-24). Bailey discloses the sheet of tissue (11 b) having an upper 

border ( top of device in fig.4) with an outward fold ( material 11 b is folded outwardly at 11 a; 

col.9, lines 20-24) and a lower border (bottom of 11 bin fig.4) having an inward fold (inward 

fold/eversion located at 27 forms cusps/leaflets 28). See col.9, lines 11-20. Folds of sheet may 

be considered 27, 29 or where I la folds into 11 b (see col.9, lines 20-24, this embodiment not 

shown). Bailey discloses first sheet coupled to second sheet (by seams 29; col.9, lines 48-52). 

In the alternative to the above rejection, claims 1, 2, 7-10, 27-28, 30-34, and 36-37 are 

rejected under 35 U.S.C. 102(e) as being anticipated by Bailey et al. (US 6,458,153 Bl;in the 

case that the claims receive the priority date of the parent application January 4, 2002). Bailey 

discloses an implantable heart valve (figs.1-5 for example) comprising an expandable stent (12) 

and an inner flexible compressible valve (11 b+26) made of biocompatible material ( col.8, lines 
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37-40) disposed within the stent (12) and affixed to the stent (see figs) the valve having leaflets 

without slits (see fig.2; valve body disclosed as a tubular graft 11 b extension, col.9, lines 11-20). 

Bailey discloses the stent (12) to be made of the materials claimed (nitinol; col.8, lines 4-8). 

Bailey discloses the valve to be formed of biological or synthetic materials (col.8, lines 37-40). 

Bailey's valve is capable of self-expansion or balloon expansion ( col.8, lines 4-8). Bailey 

discloses an outer cuff portion (considered I la; which may be integral to I lb and 26; see col.9, 

lines 20-24). Bailey discloses the sheet of tissue (11 b) having an upper border (top of device in 

fig.4) with an outward fold (material 11 bis folded outwardly at I la; col.9, lines 20-24) and a 

lower border (bottom of 11 b in fig.4) having an inward fold (inward fold/eversion located at 27 

forms cusps/leaflets 28). See col.9, lines 11-20. Folds of sheet may be considered 27, 29 or 

where I la folds into 11 b (see col.9, lines 20-24, this embodiment not shown). Bailey discloses 

first sheet coupled to second sheet (by seams 29; col.9, lines 48-52). 

Claims 1, 2, 7, 9-10, 27, 30, 36, and 37 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Garrison et al. (US 6,425,916 Bl, cited previously). See figures 32-38 and 

respective portions of the specification. Garrison discloses a valve device comprising an 

expandable stent member (111 +26d+8d) having an inner space and a flexible compressible valve 

(6d) disposed in the inner space and affixed to the stent member (see fig.37, 38 for example), the 

valve (6d) comprising a sheet ofbiocompatible material (col.IO, lines 55-57; col.5, lines 45-60) 

having at least one fold (folds shown at commissures of valve seen in fig.34, 38; and along the 

circumference of valve when inverted seen in fig.35) forming the leaflets and no slits (see figs). 

Garrison discloses the stent to be made of the materials claimed that are self-expandable or 
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balloon expandable materials (col.5, lines 4-7; col.IO, lines 38-50, 59-61). Garrison discloses a 

first sheet (upper valve 6d having leaflets) folded (at commissures) and a second sheet (cuff 

attached to 26d and 111) folded (when inverted in figs.35-37), the sheet portions are 

attached/affixed (integral and connected). 

In the alternative to the above rejection, claims 1, 2, 7, 9-10, 27, 30, 36, and 37 are 

rejected under 35 U.S.C. 102(e) as being anticipated by Garrison et al. (US 6,425,916 Bl, cited 

previously). See figures 32-38 and respective portions of the specification. Garrison discloses a 

valve device comprising an expandable stent member (111 +26d+8d) having an inner space and a 

flexible compressible valve (6d) disposed in the inner space and affixed to the stent member (see 

fig.37, 38 for example), the valve (6d) comprising a sheet ofbiocompatible material (col.IO, 

lines 55-57; col.5, lines 45-60) having at least one fold (folds shown at commissures of valve 

seen in fig.34, 38; and along the circumference of valve when inverted seen in fig.35) forming 

the leaflets and no slits (see figs). Garrison discloses the stent to be made of the materials 

claimed that are self-expandable or balloon expandable materials ( col.5, lines 4-7; col. I 0, lines 

38-50, 59-61). Garrison discloses a first sheet (upper valve 6d having leaflets) folded (at 

commissures) and a second sheet ( cuff attached to 26d and 111) folded (when inverted in 

figs.35-37), the sheet portions are attached/affixed (integral and connected). 

Claims 30 and 32 are rejected under 35 U.S.C. 102(b) as being anticipated by Bessler et 

al. (US 5,855,601, cited previously). Bessler discloses a valve device (see figs.1-5) comprising a 

sheet ofbiocompatible material (col.4, lines 9-11) folded to form a tubular cuff portion (25; 

folded to form a cylinder, see figs also shows a folded top edge, see dotted lines in fig.4) and 
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folded further to form and upstanding cusp or leaflet portion (35) disposed in the inner space of 

cuff portion (25; see figs.1-5), the cups/leaflets opening and closing in response to blood flow 

(col.5, lines 37-38). 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 3-6 and 29 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bailey 

et al. (US 6,458,153 Bl). Referring to claims 3-6, Bailey discloses an implantable valve, the 

valve being formed of either biological tissue or biocompatible synthetic polymer ( col.8, lines 

37-40). Bailey does not however, disclose a specific type of biological material (such as 

claimed, mammal, porcine, or juvenile pericardium or PTFE or polyester biopolymers). It would 

have been obvious to one having ordinary skill in the art at the time the invention was made to 

have the specific biological materials claimed, since it has been held to be within the general 

skill of a worker in the art to select a known material (mammal, porcine, juvenile pericardium) 

on the basis of its suitability for the intended use (valve replacement) as a matter of obvious 

design choice. In re Leshin, 125 USPQ 416. 

Referring to claim 29, Bailey discloses attachment of the cuff first sheet (I la) to the 

valve second sheet (1 lb+26; col.9, lines 47-52 by longitudinal seams), however is silent to 

mention how the members are coupled (what types of seam). It would have been obvious to one 

having ordinary skill in the art at the time the invention was made to use sutures, double sutures 
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to attach the two membranes ( cuff and valve) since suturing is a common means of attachment in 

the vascular art and would be applicable to Bailey's invention. See Fogarty et al, US 6,491,719 

B 1, cited previously; col. I 0, lines 5-8 as evidence of common means of attaching layers of 

material (31, 32) in the vascular art which include stitching, welding, adhering. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHERYL MILLER whose telephone number is (571)272-4755. 

The examiner can normally be reached on Monday-Friday 7:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Corrine McDermott can be reached at 571-272-4754. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Cheryl Miller/ 
Examiner, Art Unit 3738 
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Application No. Applicant(s) 

10/887,688 PANIAGUA ET AL. 
Interview Summary 

Examiner Art Unit 

CHERYL MILLER 3738 

All participants (applicant, applicant's representative, PTO personnel): 

(1) CHERYL MILLER (Examiner). (3) __ . 

(2) Manuel Valcarcel (Reg No.41.360). (4) __ . 

Date of Interview: 09 June 2009. 

Type: a)[gl Telephonic b )0 Video Conference 
c)D Personal [copy given to: 1 )0 applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)D Yes e)[gl No. 
If Yes, brief description: __ . 

Claim(s) discussed: __ . 

Identification of prior art discussed: Bai/e'f_ (US 6.458.1531, Garrison (US 6.425.9161, and Bessler (US 5.855.6011. 

Agreement with respect to the claims f)D was reached. g)O was not reached. h)[gl N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Attorne'f_ for aee/icant argued that sueeort for unslit or uncut is erovided in the 
earent aeetication. When aeeticant reseonds. the'f_ intend to include references to the earent aeetication which will be 
evaluated in more detail at that time. Aeeticant further noted that a erotot'f_ee was submitted as exhibit b and c. which 
is not in the electronic file and the examiner will have to search for the location of the erotot'f_ee. The aeeticant 
argued that Bai/e'f_ shows an external graft. Language such as "including" following the ereamble. and the sheet of 
biocomeatib/e material or valve. "diseased entire/'f_ within the inner seace of the stent" was discussed which 
eotentiall'f_ could overcome the Bai/e'f_ reiections. Language such as "without suturing" the leaflets was discussed with 
regards to the Garrison reference. Aeeticant elans to file an official reseonse which will be considered in more detail 
at that eoint in time. The aeeticant ma'f_ a/so want to consider claiming the location of the folds. or the inner and outer 
cuff or entire sheet eositioned interior of the stent . 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

/Cheryl Miller/ 

I Examiner, Art Unit 3738 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 04-03) Interview Summary PaperNo.20090609 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 385 of 1441



Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
- Application Number (Series Code and Serial Number) 

Name of applicant 
Name of examiner 
Date of interview 

- Type of interview (telephonic, video-conference, or personal) 
Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 

- An indication whether or not an exhibit was shown or a demonstration conducted 
- An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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PTO/SB/08a (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no nArsons are re11ulred to resoond to a collection of information un ess It con ins a va 1 con ro num er. . I . ta' I'd 0MB t I b , Complete if Known ""' Substitute for form 1449/PTO 

Application Number 10/887,688 

INFORMATION DISCLO$t.J,RE 
Filing Date 07/10/2004 
First Named Inventor Paniagua 

STATEMENT BY A1)ddi"NlFi Art Unit 3738 
(Use as many sheets as ne essary) ~ Examiner Name Miller, Cheryl 

\.. CkAAt 11 I nt I2J ..• , ,1 ?nno 9 Attorney Docket Number 051458.010100 ,) 

' l'Jl U, S. PAT.I NT DOCUMENTS 
Examiner Cite Document Numbel\.~ PublicatiJ?l'(}Ste Name of Patentee or Pages, Columns. Lines, Where 

No.1 Initials• 

Examiner Cite 
Initials• No.1 

Number-Kind Code2
"-~ 

. 
~De:lA..W-

yy Applicant of Cited Document 

US- 3,671,979 06-27-1972 Moulopoulos 

US- 4,056,854 11-08-1977 Boretos et al. 

US- 4,218,782 08-26-1980 Rygg 

US- 4,222, 126 09-16-1980 Boretos et al. 

US- 4,759,758 07-26-1988 Gabbay 

US- 5,163,955 11-17-1992 Love et al. 

US- 5,509,930 04-23-1996 Love 

US- 5,571,174 11-05-1996 Love etal. 

us- 5,653,749 08-05-1997 Love etal. 

US- 6,126,686 10-03-2000 Badylak et al. 

US- 6,494,909 82 08-08-2002 Greenhalgh 

US- 6,626,938 B1 09-30-2003 Butaric et al. 

US- 6,773,456 81 08-10-2004 Gordon et al. 

US- 7,331,993 82 10-27-2005 White 

US-

US-

US-

US-

US-

FOREIGN PATENT DOCUMENTS 
Foreign Patent Document Publication Name of Patentee or 

Date Applicant of Cited Document 

Countrv Code•"Number•'1<ind Code" 1/f known\ 
MM-DD-YYYY 

WO 03/092554 A 1 11-13-2003 WhitefThe Gen. Hosp. Corp 

Date 
Considered 

Relevant Passages or Relevant 
Figures Appear ' 

Pages, Columns. Lines, 
Where Relevant Passages 
Or Relevant Figures Appear ~ 

• R: nitial re erence cons e • w et er or not citation Is m con ormance with MPEP 609. Draw line through citation I not m conformance and not 
considered. Include copy of this form with next communication to applicant 1 Applicant's unique citation designation number (optional). 2 See Kinds Codes of 
USPTO Patent Documents at www uspto.goy or MPEP 901.04. 3 Enter Office that Issued the document, by the two-letter code (WIPO Standard ST.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. 5Kind of document by 
the appropriate symbols as Indicated on the document under WIPO Standard ST.16 if possible. e Applicant is to place a check mark here if English language 
Translation is attached. 
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 2 hours 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, 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. 

If you need assistance in completing the fom,, call 1-800-PTO-9199 (1-800-786-9199) and select option 2. 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Panerworl( Reduction Act of 1995 no nersons are ...,,uired to resoond to a collection of Information un ess I con msavaI con ro num r. . I 't ta· I'd 0MB I I be 

l'substitute for form 1449/PTO 
Complete if Known "' Application Number 10/887,688 

INFORMATION DISCLOSURE Filing Date 07/10/2004 
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Art Unit 3738 
(Use as many sheets as necessary) 

Examiner Name Miller, Cheryl 

~heet 12 I of 12 Attorney Docket Number 051458.010100 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of 
Initials* No. 1 the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2 

number(s), Dublisher, city and/or countrv where published. 

CRIBIER, ALAIN, ET AL., Percut.Transcatheter Implant. of an Aortic Valve Prosthesis for 
Calcific Aortic Stensosis: First Human Case Descr., Circulation 2002, 3006-08, AHA, US. 

PANIAGUA, DAVID, ET AL., Percutaneous Heart Valve In the Chronic In Vitro Testing 
Model, Circulation, 2002, pp.e51-52, Vol. 106, American Heart Association, US. 

PANIAGUA, DAVID ET AL., First Human Case of Retrograde Transcatheter Implantation 
of an Aortic Valve Prosthesis, Texas Heart Institute Journal, 2005, pp.91-96, Vol. 32, US. 

I Examiner I I Date I 
~ignature Considered 
•EXAMINER: Initial If reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation If not in conformance and not 
considered. Include copy of this form with next communication to applicant 
1 Applicant'& unlq~e citation designation number (optional). 2 Applicant is to place a check mark here If English language Translation Is attached. 
This collection of information is required by 37 CFR 1.98. The Information is required to obtain or retain a benefit by the public which is to fde (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 2 hours 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 lime 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, 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. 

If you need assistance in completing the form, ca/11-800-PT0-9199 (1-800-786-9199) and select option 2. 
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(54) Title: INVOLUTED ENDOVASCULAR VALVE AND METHOD OF CONSTRUCTION 

se (57) Abstract: A prosthetic tri-Jeaflet valve formed by involuting a portion of a ~bular structure inside itself. The valve can be 
~ made by a method comprising providing a tubular segment in which three equidistant longitudinal incisions are made in one end of 

the tube creating three flaps which are involuted, i.e., folded, in towanl the inside of the tube and the edges of t!ie flaps secured to 
0 the iMer wall of the tube to form leaflets. The tube can be formed of a single sheet of synthetic, organic or biological material and 
> can be solid, woven, braided or the like. A braided configuration permits the valve to be annularly compressed and delivered to the 
....,. site using a minimally invasive delivery mechanism, then expanded at the implantation site. 
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5 

10 

15 

INVOLUTED ENDOVASCULAR VALVE AND METHOD OF 

CONSTRUCTION 

FIELD OF TIIB iNVENTION 

The present invention relates to a prosthetic valve with an involuted structure. 

The present invention also relates to methods· and apparatus for constructing 

an involution valve. 

20 BACKGROUND OF THE INVENTION 

Since the implant of the first cardiac valvular prosthesis in the anatomic 

position in 1960, more than SO different cardiac valves have been in~oduced 

over the last forty years. Unfortunately, after years of development of 

mechanical and tissue valves there remain significant problems. associated 

25 with both types of valves. 
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Mechanical vs. Tissue valves 

Mechanical valves are durable in, patients but require long-term anti­

coagulation therapy. Tissue valves offer freedom from anticoagulation therapy 

and the problems of bleeding, but tend to degenerate rapidly, particularly in 

5 younger patients. The most commonly implanted tissue valves are constructed 

from chemically-treated animal tissues (i.e., glutaraldehyde-fixed pericardial 

or porcine valves). The preservation, sterilization, and fixation processes 

currently used in tissue valve preparation are believed to contribute to the lack 

of longevity of tissue valves. 

10 Ross procedure 

One· alternative approach for aortic valve replacement has been to transpose 

the patient's own pulmonary valve into the aortic position in the same 

individual, as described by Ross in the late 1960\s. Although a technically 

demanding procedure, the Ross procedure frees the patient from anti-

15 coagulation therapy and has substantial longevity compared to other types of 

tissue valves. A disadvantag~ of using the pulmonary valve to replace the 

aortic valve in the same patient is that the pulmonary valve must also be 

repla~. Most commonly, the replacement tissue for the excised pulmonary 
' 

valve is a valve (aortic or pulmonic) derived from a cadaver (''homograft"). 

20 Problems arise from lack of donor availability and size mismatches between 

the donor homograft and the living recipient. Unfortunately, replacing the 

pulmonary valve with a ho~ograft is associated with immunologically-

1;11ediated stenosis in some patients which limits their longevity. 

Monocusp Procedure 

25 Alternatively, a single flap of tissue from the pulmonary trunk has been used 

to create a pulmoruuy ''mono-cusp" valve in pediatric patients und~going the 

Ross procedure. Long-term function of the monocusp valve has yet to be 

documented. Historically, it is known that a single leaflet valve design bas a 

less efficient closure than a tri-leaflet valve. The suboptimal function of a 

.30 monocusp valve may adversely impact long-term results. It is a drawback that 

the mono-cusp procedure is restricted to replace a valve at the location where 

2 
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the tissue flap is created. The monocusp procedure does not provide a source 

for replacement of -valves other than the pulmonary valve. 

Trileaflet Valve Derived from Pulmonary Artery Tissue 

Another previously described method to replace the aortic valve entails 

· 5 surgical reconstruction of a tube of tissue from the p~onary artery of the 

same individual. In this procedure, a tube of tissue was ·harvested from the 

pulmonary trunk and reconfigured into a trileaflet valve. In order to create a 

valve, the base of the pulmonary tissue tube was sutured to the aortic annulus 

and to the aortic wall at three points. This procedure was attempted in three 

10 pediatric patients and abandoned due to immediate and severe aortic 

insufficiency ih two patients. The failure of this valve replacement procedure 

resulted, in part, from the extreme technical challenge for the surgeon. In this 

procedure, the surgeon must simultaneously construct and implant the valve 

while attempting to surgically compensate fo~ any size discrepancies between 

15 the donor tissue and the recipient valve site. 

As descn"bed previously, promising attempts to create a tissue valve by 

reconfiguring an individual's own living tissues have been problem.atic. It 

would be advantageous to have a method to more efficiently, effectively, and 

reliably construct a functional and durable tissue valve. It would be desirable 

20 for the valve to be a non-immunogenic structure capable of cellular 

regeneration and repair. 

U.S. Patent No. 5, 713,-950, issued to Cox discloses a valve constructed from a · 

tubular structure. This invention is a nesting of tubes dependent on multiple 

suture lines or points to join the tubes to create a valvular structure. It is a 

25 drawbac}c that these sutures are positioned in areas of high stress during the 

function of the valve through the cardiac cycle. Although this valve is a simple 

desi~ it would be inefficient and difficult to use this method to reconfigure 

the patient's own tissues into a valvular structure. 

U.S. Patent No. 6,494,909, issued to Greenhalgh, discloses a device and means 

30 for a braided valve and minimally invasive deploymenl The invention does 

not describe the area of attachment of the leaflets to the walls of the tubular 

3 
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struct:ure. to create a functional three-dimensional tri-leaflet valve. This 

invention does not describe a means for creating an autologous or living tissue 

valve. It is a further disadvantage that this invention describes that it is placed 

in a catheter for deployment. This is distinguished from other braided 

5 structures which are deployed by an internal mechanism with the potential for 

more maneuverable and. narrower insertion profiles (such as that disclosed in 

Patent Cooperation Treaty application (designating the U.S.) No. 

PCT/US02/40349, filed December 16, 2002, entitled "DYNAMIC 

CANNULA," and commonly assigned to the assignee of the present invention, 

10 the disclosure of which application is incorporated herein by reference in its 

entirety). 

SUMMARY OF THE INVENTION 

In one exemplary ~mbodiment, the present invention provides for constructing 

a prosthetic valve by a technique r~ferred to interchangeably as the "involuted 

15 cylinder" or "involution" method. The involution valve may be constructed of 

synthetic, semi-synthetic, organic or biological material or mixtures or 

combinations thereof. The valve is efficient to construct, may be derived from 

the patient's own tissues, and is particularly suitable for replacement of aortic 

or pulmonic valves. 

20 In one exemplary embodiment, the . present invention provides a valve 

constructed of a tubular structure involuted inside itself.. The three~ 

dimensional shape of the "involution valve" may be provided by folding, 

braiding, weaving, knitting, or combinations of these operations on· the 

material. The material may be biological, synthetic, semi-synthetic, organic; or 

25 a combination of these materials. The patient's own tissue (e.g., pericardium, 

pulmonary artery, or aortic tissue) can be reconfigured into a functional valve 

using this method. Some examples of material sources include, but are not 

limited to, tissue derived from the same individual ( e.g.,_ pericardium, aortic, r1 

or pulmonary artery tissue) or a different individual of the same species (e.g., 

30 cadaver tissue) or a different species (e.g., decellularized porcine small 

intestinal submucosa). 

4 
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The valve may be a scaffold, matrix, or other structure that undergoes a 

maturation process of living autologous cell deposition thereon. For the 

purposes of the present disclosure, the term scaffold will be referred to in an 

exemplary, but no~exclusive, manner. An example of a potentially suitable 

5 scaffold substance is decellularized porcine small intestinal submucosa. The 

scaffold could provide signaling to cells to organize as an autologous valve, 

provide a suppo~ structure for cell organization, or function as a non­

inununogenic valve regardless of cell population. The scaffold can be a 

pennanent, semi-pennanent, or temporary structure capable of resorption or 

10 remodeling. In this manner, the valve would; when implanted and the patient 

adapted, have a lack of exposed immunogenic material. 

The present invention provides a method of forming a valve or valve scaffold, 

comprising, in one exemplary embodiment: (1) providing a tube of material, 

(2) involuting the tube inside itself, (3) selectively attaching portions of the 

15 inside tube to the outer tube of material, (4) implanting the valve in a patient. 

Accordingly, it is a feature of the present invention to provide a valve that has 

minimal immunogenic structure. 

It is another feature of the present invention to provide a valve that is capable 

of cellular regeneration and repair and that is :functional and durable. 

20 Other features and advantages of the present invention will become apparent 

upon reading the following detailed description of. embodiments of the 

invention, when taken in conjunction with the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the invention will be apparent from the 

25 attached drawings, in which like reference characters designate the same or 

similar parts throughout the figures, and in which; 

Fig. 1 shows a cutaway view showing an exemplary embodiment of an 

involution valve of the present invention implanted in the aortic valve position 

on the left (systemic) side of the heart; 
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Fig. 2 is a cutaway view showing the involution valve implanted as a 

pulmonic valve replacement on the right (pulmonic) side of the heart; 

Fig. 3 shows material in a braided configuration; 

Fig. 4 shows material in knitted configuration; 

5 Fig. 5 shows material in a 'woven configuration; 

Fig. 6 shows material in a triaxial weave; 

Fig. 7 shows a perspective view of multiwdirectional layering of materials; 

Fig. 8 shows material in a full Leno weave; 

Fig. 9 shows a perspective view showing a cylinder fonned from a sheet; 

• 10 Fig. 10 shows a perspective view of a collapsible braided cylinder; 

Fig. 11 shows a perspective view of a cylinder with three equidistant incisions 

to create flaps or "leaflets"; 

Fig. 12 shows a perspective view of involution of the flaps inside the cylinder 

to create leaflets; 

15 Fig. 13 shows a perspective view of an exemplary embodiment of an 

involution valve showing attachment of the leaflets to the inner side of the 

outermost tube with ''U" sutures· . , 

Fig. 14 shows a perspective view of the involution valve depicting scalloping 

of the outennost wall to allow for subcoronary implantation and preservation 

20 of the Sinuses ofValsalva; 

Fig. 1S shows a perspective view of an exemplary embodiment of an 

involution valve constructed by involuting the tube inside itself without 

incisions to create flaps; 
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Fig. 16 shows a perspective view of a braided cylinder involuted inside itself 

to fonn an inner tube with a reduced diameter that acts as a one-way valve that 

opens under pressure; 

Fig. 17 shows a perspective view of an involution valve constructed with a 

5 cuff of material at either end; 

Fig. 18 shows material in a looped or tufted configuration; 

Fig. 19 shows a finite element analysis of the involution valve depicting an 

area of high stress at the attachment area of the inner and outer walls of the 

valve, with a gray scale such that high stress areas are shown in black and low 

10 stress are shown in white; 

Fig. 20 shows a perspective view of the involution valve showing the 

attachment of the inn~r and outer tube by weaving them together in an 

interleaflet triangular pattern; 

Fig. 21 shows a perspective view of. the involution valve showing sinuses 

15 enlarged by providing excess material between the annulus and the sinotubular 

junction with the· creation of interleaflet triangle by selectively weaving the 

inner tube to the outer tube between sinuses; 

Fig. 22 shows a top view of the involution valve depicting excess leaflet 

material in the radial and circumferential directions. 

20 Fig. 23 shows a perspective view of the invol~tion valve depicting excess 

leaflet material in the longitudinal plane; 

F~g. 24 shows a perspective view of the involution valve depicting the 

• integration of a rigid or semi-rigid stent into the structure; 

Fig. 25 shows a perspective view of the involution valve depicting the outer 

25 with cut away· sections for coronary artery reimplantation intended for use 

with "inclusio~" or "mini-root'' valve implantation techniques; and, 
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Fig. 26 shows a perspective view of the involution valve as collapsible braid 

· depicting the ability of the structure to assume a reversible narrow 

endovascular insertion profile. 

DESCRIPTION OF THE INVENTION 

5 The present invention generally provides a prosthetic valve formed by 

involuting ~ tubular structure inside itself. The present invention also provides 

methods of forming an involution valve. 

Primary Structure: Synthetic, Organic, and Biological Materials 

In one exemplary embodiment of the present invention an involution valve is 

10 fonned of synthetic or processed organic material. The material can be any of 

a mnnber of different biologically inert materials. The following materials are 

set forth by way of illustration only and are not intendedto be exclusive. 

Synthetic materials 

Polyglycolic acids (PGA) can be used as non-woven mesh, having high 

15 porosity, good cell attachment, good growth and extracellular matrix 

formation, rapid bioabsorption, and biocompatibility. Examples of materials 

include, but are not limited to, polyhydroxyalkanotes (PHA or PHO); poly-4-

hydroxybutyrates (P4HB) (PHA and P4HB have the properties of elasticity, 

mechanical strength, thennoplasticity, and have demonstrated increase in cell 

20 attachment during seeding with increased collagen development); PGA and 

P4HB hybrid in the form of thin PGA coated with P4HB to reduce stiffness 

but provide mechanical strength; absorbable and rionabsorbable suture 

materials, polylactic acid (PLLA); polycaprol'Rctone; fibrin-gels (moldahle}; 

hydrogels (polyethylene glycol-based hydrophilic substances); dacrons; 

25 metals, or nitinols (particularly biodegradable nitinols); n:i.:ixtures and/or 

combinations thereof and the like. 

Organic materials 

The valve may also be constructed of polymer-based 
I 
substances; examples 

include, but are not limited to, polypropylene, polyester, silk, nylon, plastics, 
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rubbers, silicones, papers or· other suitable cellulose based product, 

polytetratl.uoroethylenes (PTFE's), polyurethanes, mixtures and/or 

combinations thereof and the like. 

Biological materials 

S Pericardia! tissue, arteries, veins, portions of the gastrointestinal tract, 

combinations of the forgoing and the like can be used. The material can be a 

chemically-treated tissue such as glutaraldehyde-fixed pericardium or other 

suitable tissue. 

Tissue can be harvested, isolated (for example, a segment of tubular blood 
' ' 

10 vessels such a.s the autologous pulmonary artery trunk, left or right pulmonary 
. -
artery, and aorta), created (cell cultlll'es) or tissue engineered (for example, 

cells populating a scaffold). ~e living material can continuously bathed in, 

for example, cell culture medium or Hank's solution so as to retain viability. 

Tissue sources include autologous (self) tissues, xenograft (e.g., decellularized 

15 animal tissues) or allografts (e.g., cadaver tissue). More specific examples of 

. these include decellularized porcine small intestine submucosa ("SIS,,) and 

segments of a decellularized aorta, or vena cava tissue from cadaver donors. 

An example of a decellularization process is .incubation of in trypsin/BDTA 

for 48 hrs to extract endothelial cells and myofibroblasts. 

20 In one exemplary embodiment, the scaffold is decellularized porcine small 

intestinal submucosa which is reconfigured into a valvular structure, implanted 

into the individual, and allowed to mature by populating with autologous cells. 

Population of the scaffold with auto lo go us cells can occur outside ( e.g., in 

pulsatile cell culture "bioreactor") or inside the body (e.g., following 

25 implantation). Exposing the cell-populated scaffold to mechanical stresses has 

been shown to physically signal the cells to produce extracellular matrix · 

material. The mechanical stresses may influence the mass, directionality, 

strength, and types of biomolecules (e.g., collagen) and cells integrating with. 

the scaffold. 

30 The materials described previously, as well as others, may be used to create a 

functional three-dimensional valve or scaffold using a method of the present 
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invention. The valve is then implanted into the body, and depending upon the 

material and the configuration, allowed to mature by healing, 

endothelialization, autologous cell seeding, and extracellular matrix 

deposition. 

5 Secondary structure: Homogeneous, Non-homogenous, and Porosity, and 

Layering. 

Homogeneous 

The texture or surface structure of the valve material is significant and may be 

homogeneous or non-homogeneous. Human heart valves and the entire human 

10 endovascular system is lined with a smooth homogeneous layer of endothelial 

cells which serve a multitude of functions,. including the prevention of 

thrombus formation. The material for the present invention may be living 

tissue such as blood vessels from the patient. In this case, the valve's surface is 

lined, in part, with a homogeneous layer of endothelial cells. 

15 Other parts of the involution valve, such as an adventitial layer, which are 

exposed to the endovascular space, may pose a risk to form thrombus. In time 

following implantation, the non-endothelialized surfaces have the potential to 
' 

be populated with a homogeneous layer of endothelial cells In most instances, 

it is preferable for the valve to be substantially completely lined with a smooth 

20 homogenous layer of endothelial cells on all surfaces that contact blood. 

Temporary ~ystemic anticoagulation therapy in this patient during the 

endothelization period may reduce or eliminate the risk of thrombus 

formation. Alternatively, chemicals~ drugs, growth factors and other agents 

that promote endothelization and retard thrombus formation may be bound to 

25 the valve material to provide local therapy. 

In another case, the starting material for valve construction is pericardial tissue 

which has a smooth side ( faces the hearf s surface) and a rougher side of 

collagen and other constituents. Despite th~ homogenous nature of each side 

of these materials ( e.g., human blood vessels or pericardium), the involution 

30 valve may be preferentially constructed such that the smooth side is the 

diastolic surface and the rough side faces the systolic side of the blood flow 

10 
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during the cardiac cycle. It appears to be advantageous to have the ~alve· 

involuted such·that the most homogeneous, smooth, endothelialized surface is 

facing the diastolic side of the circulation.. This follows from the previous 

observations of others that tissue valve material undergoes degenerative 

5 changes and tends to form thrombus on the diastolic side versus the systolic 

side of the leaflets. The anatomical orientation in the circulation of the present 

invention as an aortic valve replacement is depicted in Fig. 1 and is describe¢1. 

further in Example 1. A pulmonic valve substitution with the involution valve 

is shown in Fig. 2 and described in more detail in Example 2. The involution 

10 valve may also be suited iJ?- other anatomical positions such as for replacement 

of a mitral or tricuspid valve. The present invention may also serve as a 

treatment for aortic insufficiency W;ith implantation of the involution valve in 

the descending aorta. 

Non-homogeneous 

15 The material of the involution valve may also be non-homogeneous. For 

exampl~, the material can be provided as a laminate,· mesh, knit, woven or 

nonwoven material, braids, strands, combinations thereof and the like. 

Meshes,. braids (Fig. 3) knits (Fig. 4), and weaves (Fig. 5) can be formed from 

interlocking, interlacing, or interweaving connecting fibers of scaffold 

20 materials. (e.g., strands of arteries, veins, or other autologous tissues woven, 

knitted, or braided into a sheet or cylinder); 

These materials and fabrication methods may be exploited for their physical 

characteristics. For example, rib knit may be useful given its property of 

elasticity in its width direction. Jersey knit is known to ha,ve good wrinkle 

25 recovery and excellent drape. Double knits ar!,:l known to be strong since 

production of the material is carried out on a circular-knitting machine with 

two sets of perpendicular needles. The physical characteristics of these 

materials and fabrication techniques may be exploited in light of the anatomy 

of the native human valve to construct a valve replacement with desirable 

30 elasticity, wrinkles, and strength properties. 
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Consider that the histology of the human native semi.lunar valves is referred to 

as highly anisoiropic (i.e. not the same in all directions). It follows that the 

biomechanics of the "cusps" or "leaflets" are not the same in each direction. 

The leaflets are known to have gross wrinkles or "corm.gations" of collagen 

5 fibers which expand perpendicular to the cuspal free margin (i.e. radial 

direction) and imparts a high compliance on the leaflet in this direction. The 

less compliant "crimp" or "pleat" in the collagen in circumferential direction 
. . 

is a predominate load bearing element, restricting leaflet during filling and 

cusp distention Strength is provided by groups of collagen cords radiate from 

10 the commissures (attachment points of leaflets to wall). These structural 

features enable the cusps to be pliable when the cusps are unloaded and the 

heart is contracted (systole), but inextensible when a load is applied during 

cardiac filling (diasole). 

It may be advantageous to impart the physical properties of the human native 

15 valve to the present invention. For instance, one could purposefully choose a 

rib knit or jersey knit configuration of the material along the radial or 

~ circumferential direction of the valve construct in order to impart elasticity or 

draping characteristics to the leaflets. Imparting compliance to the valve 

leaflet has the potential to dissipate the force imposed by the cardiac cycle on 

20 the valve. This may increase strength and durability to the . valve following 

implantation. 

In prior studies of others, tissue engineered valve scaffolds have selectively 

populated with extracellular matrix material when. stresses, such as imposed 

by the cardiac cycle, were mimicked in vitro. AB exemplified, the selective use 

25 of the materials and fabrication techniques may be used to conirol the 

compliance and strength of the valve of the present invention. Controlling the 

physical properties of the materials and fabrication methods in this manner has 

the potential to more accurately signal the extracellular matrix materials and 

the cells that produce them to populate according to conditions that more 

30 pr~cisely model the native system. 

Strands or fibers of material may be elastic or nonelastic. The fiber diameter 

can vary in the same or in different fibers composing the material. One study 
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using polyglycolic acid as a scaffold material in valve construction, advocated 

a fiber diameter of 12-15 µm. In certain cases, fiber diameter can be custom­

extruded. The fiber may be rectangular, round, or twisted around itself in a 

clockwise or counterclockwise position. Each fiber could be a bundle of 

5 smaller diameter fibers. 

Porosity of the scaffold material may be significant. The pores or spaces in the 

material may purposefully be sized to retard thrombus formation and promote 

endothelization and adhesion of circulating autologous cells. The scaffold 

10 materials themselves may be rough or.smooth and the pores between them can 

form smooth shapes or shapes with sharp angles. Variables include pore 

shape, pore size, open or closed qualities, interpore connectivity, and pore wall 

morphology. Pores can be the-spaces in a weave, braids, or knits. Pores can be 

introduced into the material _by a variety of different techniques, including, but 

15 not limited to, cell opening agents and mechanical aperturing. The pores or 

spaces in the material may purposefully be sized to retard thrombus formation 

and promote endothelization and adhesion of circulating autologous cells. 

In another instance, materials used to construct the valve could change their 

, homogeneous properties and pore size. For example, if one constructed a 

20 weave of strands of dt;eellularized porcine small intestinal submucosa 

material, the hydrophilic nature ofthe
0

material is such that it may form. smaller 

pores and a more homogeneous structure after hydration or implantation in the 

body. 

In certain substances, complex pore geometry (e.g., honeycomb shaped pores) 
I 

25 can be created by dispersing paraffin spheres in the dissolved scaffold material · 

(e.g., PLLA and PGA). The paraffin is subsequently dissolved to create pores 

in the scaffold material. Another technique is to use salt-leaching/sugar 
I 

crystals/glass crystals to yield a porous matrix. The size of the pores can 

homogeneous (PGA) or heterogeneous (PLA). The scaffold pore sizes can 

30 range from approximately 100-500 microns, tnore preferably in the 100 to 240 

micron range. Other investigators using PLA and PGA scaffolding have noted 
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a decrease in compressive modulus for smaller pore sizes (100-200 microns) 

as compared to large pore sizes (250-350 or 420-500 microns). 

The pores in the material or the orientation of spaces between the materials 

can be purposefully used to impart strength or elasticity to the valve. For 

5 example, a triax.ial weave is a process of weaving three strands of material at 

60 degree angles to one another (Fig. 6). The resulting material has limited or 

no stretch or distortion in· any direction. If equal size and number of strands 

are used in all three directions, the final material approaches equal strength 

and stiffiless in all directions. 

10 · Layering 

The valve materials can be single or multi-layered. The layers can be 

orientated such that the directionality of the materials. is parallel, 

perpendicular, or angled. For example, the material may be ''biased", ''radial", 

or a combination (''biased/belted'? such as that used in automobile tire 

15 construction. In a bias construction the material is laid alternating at bias 

angles of 25 to 40 degrees to the surface layer direction. In a radial design a 

layer is 90 degrees to the surface material direction. Between these layers can 

be a series of alternating layers at low angles of 10 to 30 degrees to the surface 

direction. A combination of these may also be used. The directionality within 

20 each layer and orientation of the layers in respect to one another may be used 

to selectively impose strength and elasticity to the valve {Fig. 7). 

I 

It is known from prior anatomical studies that the human semilunar valve 

leaflet consists of three. histologically distinct layers; the ventricularis, the 

spongiosa, and the fibrosa. The ventricularis faces the inflow surface and 

25 consists of mostly collagen "corrugations" with radially aligned elastic fibers. 

The spongiosa is composed of loosely manged collagen and 

glycoaminoglycans. The fibrosa opposes the outflow surface is mainly 

circumferentially arranged, "crimped," densely packed collagen fibers, mostly 

parallel to the free edge of the leaflet With this in mind, the present invention 

30 could be constructed of layering material pmposefully arranged. For example, 

the top layer (the future inflow surface of v~ve leaflet) may be compliant in 
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the radial direction and the most bottom layer could have a directionality 

perpendicular to the top layer, imparting less compliance in the 

circumferential direction. A middle layer could be sandwiched in between 

which has an multi-directional, oblique, or loosely arranged material. 

S Investigators have expressed concern that the use of layering, and in 

particular, lamination of porcine small intestinal submucosa, may delaminate 

inappropriately following implantation. One way to overcome this would be to 

weave, knit, or braid the material to prevent delamination. A specific example 

is the use of a Leno weave in which the strands are arranged in pairs with one 

10 twisted around the other between other strands (Fig. 8). This weave imparts 

firmness and strength to the material and prevents slippage and displacement 

of the strands. Alternatively, in certain instances, layering could be avoided by 

weaving, knitting, or braiding from a single layered strand. 

Tertiary structure: Tubes, Sheets, and Sleeves 

15 The scaffold can be formed according to the following exemplary method. A 

quantity of material is provided as a tube or as a sheet. If it is provided as a 

sheet, two opposing sides are joined together to form a tube by any of a 

number of techniques known to those skilled in the art and appropriate to the 

material being used, such as, but not limited to, weaving, interlacing, braiding, 

20 knitting, punching, tufting, laminating, suturing, stapling, gluing, welding, 

fusing, combinations thereof and the like (Fig. 9). The sheet can be knitted, 

woven, or braided from strands of material. A tubular or cylindrical structure 

can be created by sleeving techniques using braiding, knitting, weaving or 

combination of these methods. The structure can be a ·proper cylinder (the 

25 term cylinder and tube being used interchangeably in the present disclosure) or 

a slightly conical segment. The thickness of the scaffold cylinder can range 

from about 0.3 mm to 1.0 mm, although it may be thinner or thicker. 

One advantage of a tubular braid configuration is the possibility of creating a 

tubular valve that is collapsible (Fig. 10). Braided tubes can be constructed 

30 which reduce diameter significantly when a longitudinal force is exerted on 

the tube. In one instance the diameter of the tubular valve can be reduced in · 
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diameter, introduced ·into the endovascular space in minimally invasive 

manner, and deployed into a larger diameter structure at the valve replacement 

site (see Implantation section herein). 

Quaternary Sttucture: Involution, Attachment, Interleaflet Triangles, Sinuses, 

5 Leaflet Modifications, and Stents. 

Involution 

Creating leaflets by involution allows the material at the site of the infolding 

(i.e., the base of the valve) to retain its compliant nature. This may improve 

· valve durability by facilitating the transfer of stresses and strains on the 

10. leaflets to the wall of the implant site (e.g., aortic root). Since the valve is 

created prior to insertion, it can be tested prior to use and the valve function is 

not wholly dependent on surgical implantation techniques. 

In one geometry of the involution valve shown in Fig. 11, the height "h" of the 

cylinder 12 is approximately equal to the diameter "d'' of the valve 

15 implantation site (annulus diameter). Approximately half of the cylinder wall 

height form the leaflets which span half the diameter of the annulus. The· 

remaining half of the cylinder wall forms the height of the commissures. The 

height of the commissures is based on the anatomical relationship of annulus 

to sinotubular junction distance verses annulus diameter in same patient, i.e., , 

' 20 height of commissures is approximately half the annulus diameter. The 

material has a thickness "t". 

In one exemplary embodiment, three longitudinal incisions about 120 degrees 

apart are made in the cylinder to create three flaps of tissue. Preferably, though 

not mandatorily, the length "L" of the incision is approximately one half the 

25 height of the tissue cylinder height "h" less about twice the tissue thickness 

"t''; i.e., L=½h-2.t. The length "L" of the incision should preferably be less 

than half the height ''h" of the cylinder in order to eliminate a potential hole in 

the base of the valve caused by the incisions. 

As shown in Fig. 12 the cylinder is involuted into itself such that the 

30 innermost wall (in this case, the three flaps) become the "leaflets" of the valve 
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and the outermost wall becomes the site of attachment to the implantation site. 

The leaflets are secured to the inner side of the outermost wall (Fig. 13). If the 

valve construct is intended to be implanted in the aortic valve position, the 

outermost wall of the valve construct may be scalloped to allow for 

5 subcoronary implantation (Fig. 14). 

In particular, with tubes of tissue such pulmonary artery, the longitudinal 

incisions in the cylinder release the constraints on the material and allow the 

flaps to be easily involuted and secured to the inner wall of the cylinder. 

Although, the incisions are not necessary, they allow each flap to be secured to 

10 the wall independently and may help the leaflets move distinctly from one 

another during the cardiac cycle. In addition, the perpendicular attachment of 

each leaflet edge to the wall may facilitate proper tissue repair and growth at 

each commissure. The presence· of incisions at the commissure sites may 

promote healing and collagen deposition at the commissures. 

15 In ·another embodiment, no incisions are made and the tubular structure is 

simply involuted inside itself and selectively attached to the outermost wall 

(Fig. 15). 

In another embodiment, a braided tube is involuted inside itself and the inner 

tube fonns a passively closed inner tube· structure or one-way valve in part, 

20 due to the forces created by the involution of the braided tube (Fig. 16). 

In another embodiment, the involution valve may be formed by a double 

cylinder structure in which the innermost tube is folded inside the outermost 

tube (Fig. 17). In the previous discussion of the present invention, the 

outermost tube is folded inside itself. In this configuration, there can exist an 

2S additional cuff of tissue or scaffold at one or both ends of the valve construct. 

An additional cuff at the base of the valve would ease the surgical 

implantation of the valve by decreasing the risk of distorting the leaflets 

during suture1placement since the leaflet are a distant from the sewing area at 

the cuff. The additional cuft{s) may be particularly useful for implantation of a 

30 pulm.onic valve replacement and reconstruction of the right ventricular 

outflow tract. 
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One exemplary method of attachment of the inner wall (with or without flaps) 

to the outer wall is by using three or more "U" sutures (Fig. 13, referred to 

previously). Other techniques of attaching the inner to the outer wall of the 

5 valve include, but are not limited to, interlacing, interlocking, -stapling, 

clipping, splicing, suturing, screwing, knitting, braiding, weaving, punching, 

tufting (see Fig. 18), stapling, gluing, welding, fusing, laminating and 

combinations thereof and the like. 

Historically, tissue valves with leaflets secured by sutures failed due to the 

10 stress imposed at the sites of attachment. In the design of the present 

invention, the tissue has retained or imparted with healing capabilities that 

would theoretically offer reinforcement by enabling tissue growth and 

reinforcement at the suture sites. 

A mathematical stress analysis of the involution valve constructed of human 

15 blood vessel, indicated that an area of high stress would occur in a discrete 

area at each commissure (attachment area of the inner leaflets to the outermost 

· wall) (see Fig. 19). In a dynamic model of the theoretical involution valve 

structure during the cardiac cycle, this area of high stress was noted to move 

its position along the wall during various phases of the cycle. In order to 

20 provide strength and dissipate this small area of high stress, an involution 

valve can be created with an area of attachment between the leaflets and outer 

wall as opposed to a line or point of attachment.. AB a more specific example, 

an involution valve can be constructed by weaving, knitting, or braiding the 

involution and attachment areas of the inner leaflets and outermost wall of the 

25 valve. 

Interleaflet Triangles 

Native human semilunar valves have. structures referred to as interlcaflet 

triangles. These structures represent a triangular region between leaflets 

created by the angled attachment of the each leaflet to the w~l. In the present 

30 invention, an analogous structure can be imposed in the involution valve by 

· creating a triangular area of attachment of the leaflets to wall of the valve 
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construct. This can be created by interlocking or interlacing the material with 

weaving, braiding or knitting techniques (Fig. 20). , 

In the native human semilunar valves the annulus (imaginary coronal circle 

representing the base of the valve) moves in opposition to the sinotubular 

5 junction (imaginary circle at the !evel of the leaflets most superior attachment 

to the wall or sinus) during the cardiac cycle. During diastole, the annulus 

increases diameter as the sinotubular junction decreases· diameter. During 

systole, the reverse is true, namely, the annulus reduces diameter and the 

sinotubular junction increases diameter. This motion may be important for 

10 vaive longevity and the sharing of stress between the leaflet and wall during 

the cycle. Inserting interleaflet triangles into the involution valve construct 

may help restore the opposing m~vement of the annulus with respect to the 

sinotubular junction. The alteration to the base of the valve construct to 

construct interleatlet triangles may permit independent movement of leaflets 

15 in relationship to one another. 

In certain instances, the present invention is created from a tissue cylinder, in 

this ~se the interleaflet triangle can be re~approximated with a linear angle of 

sutures to relieve the point stress at the leaflet commissures. Angling of the 

base of each leaflet more closely approximates the normal anatomy and helps 

20 disperse the stress on the leaflet to a tapered row of sutures rather than a single 

point of attachment at each commissure. 

Sinuses 

In a human's native semilunar valve apparatus th.ere exists a space between 

each leaflet and the vessel wall referred to as the Sinus ofValsalva. This space 

25 is known to increase the efficiency of valve function by provicling an eddy 

current of circulating blood which fi.w.cti.ons, in part, to maintain the separation 

of the leaflet from the wall during the opening of the valve: 

In the present invention, the outennost wall of the involuted cylinder valve 

construct can be purposefully enlarged at the base of the valve to recreate a 

30 potential space between the leaflet free edge and the outer wall. One 

exemplary method of creating the enlargement is to construct. the valve such 
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that the outermost wall is a larger diameter than the innermost wall cylinder. If 

the starting material is a tube, one way to achieve this is to use a conical shape 

of the material such that the smaller diameter of the cone will be involuted into 

the larger diameter of the cone. 

5 In more complicated methods of fonning an involution valve, such as 

weaving, the sinuses can be integrated into the final geometry by creating 

selective pockets or outpoucbings in the outer wall (see Fig. 21). Various 

techniques of weaving, knitting, and braiding can form pouches, pockets, 

pleats, corrugations, crimps and sinuses. Alternatively, portions of the 

10 outennost wall of the valve construct can be removed by incisions or 

scalloping to preserve a potential space (the native Sinus of Valsalva) to exist 

between the leaflet and the native aortic wall (Fig. 21). 

Leaflet Modifications 

As described previously, the native human semilunar valve leaflet 

15 ventricularis layer has gross corrugations of collagen and elastin in the radial 

direction which impart significant compliance in this orientation. In the 

circumferential direction, the fibrosa layer has a crimping of collagen that 

provide~ a counterforce to overextension of the leaflet during the period of 

more extreme loading-bearing (diastole). In order to. more closely model the 

20 physical properties of the native human valve, the involution valve of the 

present invention may be constructed with excess material in the leaflet in the 

radial direction· or circumferential directions. (Fig. 22). The techniques of 

fabricating the involution valve using knitting, weaving, or braiding of 

material are particularly useful, since excess material to create a ''baggy" 

25 leaflet can be imparted during the sleeving proces,s. Alternatively, excess 

material or pouches could be pleated during valve construction, particularly if 

the involution required folding of material. Using similar techniques, the 

leaflets of the involution valve can have excess material in the longitudinal 

direction (Fig. 23}. 

30 Modifications of the leaflets' shape by sculpturing the free edge may 

maximize leaflet coaptation (i.e., the adaptation or adjustment of parts to each 
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. other). Such alternative shape of leaflets include scalloping or rounding off the 

edges (concave). Other potential leaflet shapes are convex or bi-convex with 

formation of a central nodule by purposefully imparting a node shape at the 

midpoint. In certain cases, these shapes may better mimic native valve 

5 anatomy and help valve function. 

Stents 

A sheet of woven, knitted, or braided material may be used in combination 

with a rigid or semi-rigid frame ("stent'') to create a valve. The stent can 

function to hold the valve in the involuted position, which aids the surgeon in 

10 implantation. In another embodiment, a sheet of woven porcine ( or other 

suitable source) decellularized small intestinal submucosa is suspended in a 

stent (Fig. 24). 

Implantation 

If the involuted cylinder valve formed by any of the aforementioned methods 

15 · and materials is orientated such that following implantation, the mos.t viable 

and anti-thrombogenic surface opposes the diastolic side (Fig. 1). The reason 

for this is that the highest mechanical stresses on the leaflets and greatest 

degenerative changes in tissues valves have been noted on the diastolic surface 

(i.e., the inflow surface). In the involution valve construct (if derived from a 

20 blood vessel), the endothelium is orientated towards the diastolic side since it 

since it may receive nutrients directly from the lumenal blood flow and most 

likely retains cellular repair capabilities. 

As shown in Fig. 14 a design is provided for subcoronary implantation where 

the outer wall of the tissue cylinder is reduced between the three suture points 

25 to perm.it implantation below the coronary arteries when implanted into the 

aortic position. 

As shown in Fig. 25 the outer wall of tissue cylinder can remain intact and cut 
I 

out for coronary artery re-implantation, inclusion or mini-root implantation. 
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One advantage of a tubular braid configuration is the possibility of creating a 

tubular valve that is collapsible (Fig. 26). Braided tu.bes can be constructed 

which reduce diameter significantly when a longitudinal force is exerted on 

the tube. For example in one exemplary embodiment, the tubular valve is 

5 reduced in diameter by exerting a longitudinal force by a trocar on the inside 

of the tube, introduced into the endovascular space in minimally invasive 

manner, and is deployed as a larger diameter structure at the valve 

replacement site by removing the trocar. 

Apparatus and methods for fanning, inserting and using expandable and 

10 collapsible structures, e.g., can:nulae, which may serve as an analogous 

technology useful for creating a scaffold capable of having a reduced diameter 

during implantation and expanding thereafter are disclosed in copending 

Patent Cooperation Treaty (designating. the U.S.) application No. 

PCT/US02/40349, filed December 16, 2002, entitled "DYNAMIC . 

15 CANNULA". 

Alternative scaffolding techniques 

A mold of scaffold can be created by ~ tricuspid ''ventricular" and "aortic" 

stamp ( e.g., a silicone-coated aluminum niold). Thermoplastic scaffolding 

material is inserted between the two stamps to create the complex shape of the 

20 aortic root and valve. 

Some scaffold materials (such as, but not limited to, P4HB) with thermoplastic 

properties can be welded instead of sutured at the commissures. 

Computer-aided molecular depos~tion of scaffold material potentially be used 

in lithography to create the three-dimensional valve. The same process could 

25 generate a flat sheet, cylinder, or cylinder with three equidistant incisions (see 

the involuted cylinder method) which then undergo secondary folding to 

create a valve. 
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Special Processes 

The present invention also conteinplates the construction of a scaffold 

generally having the configuration made of a synthetic material, which is then 

used as a support· on which to seed and grow cells. The basic concept of, 

5 seeding is to transpiant autologous cells . onto a biocompatible and 

biodegradable scaffold that has been pre-formed in the three dimensional 

structure of a heart valve. The cells are attached to the scaffold while keeping 

tissues in vitro with physical signals to guide development of tissues. As the 

cells form extracellular matrix, the biodegradable polymer scaffold starts to 

10 degrade. The scaffold and the attached cells are implanted into the body where 

cells continue to produce matrix materials, providing increasing mechanical 

strength while the scaffold finishes its degradation (usually in about 6-8 

weeks). 

Possible culture additives include, but are not limited to, cytok.ines, growth 

15 factors, microencapsulated growth factors, heparin products, cell markers to 

track · cells post-implantation, transfection vectors ( e.g., green fluorescent 

protein), anti-microbial anti-fungal agents, mixtures thereof and the like. 

Possible cells which can be used to seed the scaffold include, but are not 

limited to, fibroblasts, endothelial cells, myofibroblasts, smooth muscle cells, 

20 fetal-type smooth muscle cells, mixtures thereof and the like. 

. Cell sources include, but are not limited to, peripheral blood, human umbilical 

cord, blood, arteries (e.g., carotid), human foreskin., bone marrow, adipose 

tissue, mixtures thereof and the like. 

Advantages 

25 The invol~tion valve can be constructed from a wide range of materials. The 

use of scaffolding materials (e.g., porcine small intestinal mucosa) offer the 

advantage of a potentially autologous living valve capable of growth and 

repair following maturation of the implant in the circulation. 
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The involution valve can being constructed as a braid, a knit, or a weave of 

material. The ability to fabricate the valve using these techniques enables the 

potential to create a valve with physical properties analogous to the native 

human leaflet. These techniques increase the potential strength and durability 

5 of the valve the reinforcement provided by interlacing the material at the 

attachment areas of the leaflet to the. wall. It is advantageous that the 

involution valve can be constructed as a continuous structure using these 

techniques. 

In contrast to previous attempts to reconstruct autologous arteries into valvular 

l O structures, the method described. in this present invention enables a tri-leaflet 

valve to be constructed independent from its site of implantation. The valve 

may be transplanted to any desirable anatomical implant site. This reduces the 

technical challenge and allows the potential for pre-Operative or intra­

operative dynamic function testing prior to implantation. In certain instances, 

15 it is advantageous that the involution valve can assume a narrow profile and be 

. deployed into the endovascular space by a minimally invasive means. 

The involution valve can also be constructed from the patient's own tissues in 

an economical manner, offering an alternative treatment for valvular disease. 

If the valve retains its growth potential, it may be particularly useful for 

20 pulmonic valve substitution in the Ross procedure or in pediatric patients with 

congenital abnormalities of the pulmonary valve such as tetralogy of Fallot 

with absent valve syndrome. 

The invention may also have applicability to non-medical application. The 

advantage of this design and method is the potential to create a valve with the 

25 following properties; large effective orifice area, a low pressure gradient, 

efficient- closure velocity, and low regurgitation volume. The valve is suitable 

in rigid or non-rigid systems and wet or dry environments. The valve leaflets 

can potentially form a seal around an inner rod or piston. The valve can be 

constructed from a wide range of materials. The valve is potentially efficient 

30 and economical to construct and insert into the stream of flow. The invention 

will be forth~ described in connection with the following examples, which are 
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set forth for purposes of illustration only. Parts and percentages appearing in 

such examples are by weight unless otherwise stipulated. 

EXAMPLES 

Example 1 

5 A tri-leaflet tissue valve can be constructed from the main pulmonary artery 

by the involution method and implanted into the aortic position in sheep (see 

experiment 1 ). This valve may :also be suitable as a replacement for other 

valves (e.g., pulmonary valve). 

Objective 

10 An involuted cylinder valve constructed from pulmonary artery tissue and 

implanted in the aortic position in sheep. 

Materials and Methods 

From previously sacrificed donor swine (n=4, 50 kg +/- 10 kg), the main 

puhnonary artery and its main left and right branches were harvested. The 

15 main pulmonary artery trunk was trimmed to create a tissue cylinder Qfheight 

equal to the diameter of the recipient aortic annulus. A = h ~ d, where A = 
recipient aortic annulus diameter (mm), h = tissue cylinder height (mm), and d 

= tissue cylinder diameter (mm). Excess fat was trimmed from the specimen 

and adventitial layer was carefully peeled off as a single sheet of tissue and 

20 discarded. The tissue cylinder was incised with three longitudinal incisions 

120 degrees apart. L = ½h -- 2t, where L = incision length (mm); and t = wall 

thickness (mm) (see Fig .. 1). 

In two specimens, the edges of·all three flaps of tissues were rounded-off 

along their free-edge, creating concave-shaped leaflets. In all constructs the 

25 flaps were involuted into the tissue cylinder and sutured to the cylinder wall at 

three equidistant points using "U" sutures (see Figs. 2 and 3.). The outer wall 

of the valve construct was reduced between the three points to allow space for 

implantation of the valve inferior to the coronary arteries (see Fig. 4). In all 

cases, the valve was prepared in less. than 20 minutes. Prior to implantation, 
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the valve was inspected for competency by passive suspension of a column of 

saline. 

A median sternotomy was performed and cardiopulmonary bypass was · 

instituted in recipient sheep. Cold high potassium crystalloid cardioplegia was 

5 given by direct ostial cannulation. The ascending aorta was transversely 

transected 1 cm above the right coronary artery and native leaflets excised. 

The preformed valve construct was secured into the subcoronary position by 

interrupted 3-0 Tevdek™ sutures on the lower edge and a running 4-0 prolene 

along the superior aspect. The aortotomy was closed and the animal weaned 

10 from cardiopulmonary bypass. In animals that recovered cardiac function, 

echocardiography was performed to assess valve function. 

Results 

The two animals that received valve constructs without rounded-off leaflet 

free-edges displayed mild a~:>rtic . regurgitation on two-dimensional 

15 echocardiography with continuous-wave Dopple~ using a hand-held epicardial 

probe. In the same group, the short-axis view exhibited coaptation of all three 

leaflets during valve closure. Symmetrical leaflet movement and good 

mobility was observed throughout the cardiac cycle in four-chamber apical 

view. A mean flow velocity of 2.49 m/sec was obtained in one animal with a 

20 14 mm aortic annulus diameter. The two animals with rounded-off leaflet free 

edges had severe aortic insufficiency due to prolapse of two or all three 

leaflets and could not be weaned from bypass. 

Conclusion 

In this experiment, a segment of the main pulmonary artery was reconfigured 

25 . into an aortic valve using a technique referred to as the "involuted cylinder' 

method and implanted into the subcoronary position in four sheep. In two 

constructs the leaflets were modified, creating concave leaflet free-edges. The 

modification was designed to eliminate deadspace at the base of the leaflets 

and reduce the risk of thrombosis formation. However, in these modified 

30 constructs the central region of the leaflets was not· supported adequately 

which resulted in leaflet prolapse under diastolic load. The constructs without 
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rounded leaflets assumed a more cup-like configuration and exhibited no 

prolapse, most likely due to the suspension of the leaflets at all points along 

the free-edge. It may also be significant that the longitudinal axis of the 

pulmonary artery wall becomes the radial axis of the valve leaflet. Increased 

5 extensibility of the leaflet in the radial direction may act to lessen the central 

orifice by providing more coaptation area. 

Example2 

A scaffold is constructed of decellularized porcine small intestinal submucosa. 

The involution method described above is used to form a functional three--

IO dimensional valve. The valve is implanted into the individual and allowed to 

mature under in vivo conditions. 

Objective 

A Pulmonic Valve Replacement in Sheep Using an Involution Valve 

Constructed of Porcine Small Intestinal Submucosa 

15 Materials and Methods 

A sheet of 4-ply porcine small intestinal submucosa "SIS" (Cook, Inc.) of 

dimensions 68.2 mm long x 20 mm wide was prepared. Two equidistant 8mm 

long incisions were created extending from the free edge of the length to 

centerline of the material. The flat sheet was folded in half along the length 

20 with the smoother surface on the inside. A cylinder was formed by suturing 

the two free ends together with a running 7-0 prolene. The leaflets were 

secured in a perpendicular manner to the inner wall of the cylinder by ''U'' 

sutures. Two additional sheets of SIS were sutured to either end of the valve, 

creating two cylindrical cuffs of tissues at either end of the valve construct. 

25 A median stemotomy was performed and cardiopulmonary bypass was 

instituted in a recipient sheep.· Cold high potassium crystalloid cardioplegia 

was given by ascending aortic cannulation. The pulmonary artery was 

clamped and transected one millimeter above the pulmonary valve. The native 

pulmonary valve was excised. The preformed valve construct was secured at 
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the superior aspect to the distal pulmonary trunk using 5-0 prolene. The cuff at 

the base of the valve was sutured to the proximal remnant of the pulmonary 

trunk. Protomine™ was given ~d . the animal was . weaned from 

cardiopulmonary bypass. The · animal recovered cardiac function and 

5 echocardiography was performed to assess valve function. 

Results 

The animal was successfully weaned from bypass. The pulmonary valve 

replacement displayed no pulmonic regurgitation on two-dimensional 

echocardiography with continuous-wave Doppler using a hand-held epicardial 

10 probe. The short-axis view exhibited coaptation of all three leaflets during 

valve closure. Symmetrical leaflet movement and good mobility was observed 

throughout the cardiac cycle in four-chamber apical view. 

Conclusion 

An involution valve constructed from decellularized porcine small intestinal 

15 submucosa functioned as a trileaflet pulmonary artery replacement in an acute 

sheep model. Chronic studies are necessary to determine the ability of the 

scaffold . material to endothelialize and populate with autologous cells 

following endovascular implantation. Further investigation as to the function 
' . 

of the valve following implantation will help determine its usefulness in 

20 patients. 

Example3 

A sheet of the patient's pericardium is harvested and formed into a valve 

construct using the involution· method as described here~above at the surgical 

backtable. The valve construct fs tested, then reimplanted into the same patient 

25 as a living autologous valve replacement. 
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Fonnation of Scaffold 

PCT/US0J/14160 

An unwoven polyglycolic acid ("PGA') mesh sheet 24 mm x 75 mm and 1.5 

mm thick is prepared and rolled into a cylinder. Three equidistant longitudinal 

S 10 mm incisions are used to create three flaps which are involuted inside the 

cylinder and secured 120 degrees apart to fonn commissures. Scallop-shaped 

segments of the outermost wall of the cylinder are removed between the 

commissures to form the scaffold. 

Example 5 

10 Seeding 

The scaffold of Example 4 created of a material that will support cellul3! 

growth; e.g., celluloid. Peripheral blood is harvested, samples are spun in 

column and cells are recovered (e.g., circulating endothelial cells) which are 

then serial plated on fibronectin culture plates and allowed to expand (e.g., 

15_ t static growth for 1 week). Cells are then se~ed onto a celluloid construct in a 

rotating, pulsatile, -or continuous flow bioreactor for a period of time ( e.g., 4 · 

weeks), then the valve is implanted in the patient to continue to mature, 

differentiate, and evolve in vivo. 

Example6 

20 A valve is created by any of the examples or methods discussed hereinabove 

and temporarily implanted in the body (endovascular or other site) to allow 

maturation. For instance, the valve can be deployed using a minimally 

invasive apparatus into the descending aorta, exposed_to the blood stream and 

· mechanical stresses of the cardiac cycle for a period of weeks, and then 

25 removed from the body and reimplanted as a permanent _valve replacement. 

Example7 

A valve is created by any of the examples or methods discussed hereinabove 

and implanted in the endovascular space using a minimally invasive means. 
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It will be understood that the terms "a" and "an" as used herein are not 

intended to mean only "one," but may also mean a number greater than "one." 

All patents, applications and publications referred to herein are hereby 

incorporated by reference in their entirety. While the invention has been 

· S described in connection with certain embodiments, it is not intended to limit 

the scope of the invention to the particular forms set forth, but, on the 

contrary, it is intended to cover such alternatives,. modifications, and 

equivalents as may be included within the true spirit and scope of the 

invention as defined by the appended claims. 
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CLA.IlvIS 

CLAIMED IS: 

1. A method of forming a prosthetic valve, comprising: 

a. providing a tube of material having an inner wall, an outer wall, a 

5 diameter "d", a height "h" and a wall thickness ''t''; 

b. cutting three longitudinal incisions from one end in said material about 

120 degrees apart to form three flaps, each said flap having a first 

edge, a second edge generally parallel to said first edge, an.d a bottom 

edge; 

10 c. involuting each said flap within said tube; and, 

d. attaching each said first edge and second edge of each involuted flap to 

said inner wall of said tube. 

2. The method of Claim 1, wherein said three longitudinal incisions have a 

length "L", such that L=½h•2t, where "h" is the cylinder height and "t" is 

15 the thickness of said tube. 

3. The method of Claim 1, wherein said height ''h,, is approximately equal to 

the diameter of the recipient aortic annulus diameter "A". 

4. The method of Claim 1, wherein the edges of each flap are cut to be 

rounded off along their free edge to create concave shaped leaflets. 

20 5. The method of Claim 1, wherein scallop shaped segments of sajd tube wall 

are removed between commissures. 

6. The method of Claim 1, wherein said attaching is achieved by suturing. 

7. The method of Claim 1, wherein said tube is comprises a generally 

rectangular sheet of material that bas two opposing sides joined together. 

25 8. A method of constructing a support for development of an autologous 

valve, comprising: 
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9. An autologous valve formed by a process, comprising: 

a. providing a tube of material having an inner wall, an outer wall, a 

diameter "a", a height ''b" and a wall thickness "t''; 

b. cutting three longitudinal incisions from one end in said material about 

5 · 120 degrees apart to form three flaps, each said flap having a first 

edge, a second edge generally parallel to said first edge, and a bottom 

edge; 

c. involutjng each said flap within said tube; and, 

d. attaching each said first edge and second edge of each involuted flap to 

10 said inner wall of said tube. 

10. A method of converting a tube into a valve, comprising: . 

a. providing a tube of material having an inner wall, an outer wall, a 

diameter "a", a height ''b" and a wall thickness "t''; 

b. cutting three longitudinal incisions from one end in said material about 

15 120 degrees apart to form three flaps, each said flap having a first 

edge, a second edge generally parallel to 13aid first edge, and a bottom 

edge; 

c. involuting each said flap within said tube; and, 

d. attaching each said first edge and second edge of each involuted flap to . 

20 said inner wall of said tube. 
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11. A endovascular valve, comprising: 

a. a flexible tube having a first end and a second end, an inner wall and 

an outer wall; 

b. a plurality ofleaflets formed from a portion of said first end by making 

5 a plurality of longitudinal incisions in said downstream end to fonn a 

plurality of flaps, each flap having a first edge and second edge, 

involuting said flaps toward said inner wall and securing said first edge 

and second edge of each flap to said inner wall of said tube 
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FIG. 12 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 435 of 1441



WO 03/092554 PCT/US0J/14160 

FIG. 13 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 436 of 1441



WO 03/092554 PCT/US0J/14160 

FIG. 14 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 437 of 1441



WO 03/092554 
PCT/0S03/14160 

FIG. 15 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 438 of 1441



WO 03/092554 

t 

C.0 
~ .. 
(!) -u. 

PCT/US0J/14160 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 439 of 1441



WO 03/092554 
PCT/US0J/14160 

B11se- CUFF CUFF 
Ar lr-lFe1tua. ..4·~r /\'f 5uf011orz. 1-\St'a:.r 

J 

FIG. 17 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 440 of 1441



WO 03/092554 
PCT/US0J/14160 

FIG. 18 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 441 of 1441



WO 03/092554 

FIG. 19 

. Hrr;N Srnt~< 
ftJr-tJf 

PCT/0S03/14160 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 442 of 1441



WO 03/092554 PCT/US0J/14160 

FIG. 20 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 443 of 1441



pCTfUS03/14160 

WO 03/091554 

~:---••". 5 (N IJ S 
I 

S \ f'l O 11,18 VI rt{rr,::--_; 

· .::nJ N c. no rJ 

FIG. 21 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 444 of 1441



WO 03/092554 PCT/US0J/14160 

Lt-P[irr t 
"-~~~ 

Rllfl//ll. ---- ~\~~~~~ 
Dtll t.c.nof.t 

FIG. 22 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 445 of 1441



WO 03/092554 PCT/US03/14160 

FIG. 23 

r\'1'-_ _..:..,.k_.,,.... $1~on.t6'1Ll\i. ~Ii~ Oo.i ~rs) 
•
1-r.;' ·Lw/' l-er J . - _,,..._ .. 

--~:S- llNNIJl.U S-

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 446 of 1441



WO 03/092554 

Olt$'1~ (..HUC 

· l.tG,10/ St'lk i tu .. ,a 
S~f"Nr 

l 

PCT/US03/14160 

4 ti-'1CH rturt-.1, oP . 
· I~ 1\1 fll. ➔ $ lJ~Oi, ~ fill 
Wb\J0-,1 ·1 I\.\ 11!'\t.lil'I tl\tf 
JltrA-t\.u.l.t 

IJ N ti 'M"f\U-1 E1Q 

fllilRO'~r4os r l.fl1/l;ll. Pofl nbl\l_ 
Wl\tf;:1\1 L0\ Furr-

FIG. 24 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 447 of 1441



WO 03/092554 
PCT/US0J/14160 

l..1:-~-r 
C.oit-11~ Ml-1 /M.1€Yl.'-'I 

FIG. 25 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 448 of 1441



PCT/US0J/14160 

WO 0J/092554 

> 
(0 
N . 
(!) -u. 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 449 of 1441



INTERNATIONAL SEARCH REPORT 
In .•... Jllonlll AppllcaUoh No 

PCT/US 03/14160 
A. CLASSIFICATION oi;.1uBJECT MATTER 
IPC 7 A61F2 24 

Aceording to lntemallonal Palent Classlllcellon (IPC) orto bolh na!lonet c18$lllcallon and IPC 

B, RELDS SEARCHED 

Minimum do~ment.elion searched (clusiflcatlon 9)1111em followed by dess111CG!lon :,ymbob) 
IPC 7 A61F 

DOC1Jmentatlon searched olher then mlrlmum documenteUon to the 81(\ent Iha! such documents ere lneh.lded In the fields searched 

Electronic data base consulled during the lntemallonal search (name ol data base and, where pradlcl!J, ,search terms used) 

WPI Data, EPO-Internal 

C. DOCIJMEN,S CONSIDERED TO BE RELEVANT· 

Calegoiy • Citation of document. with lndlcallon, where appropl1ate, or the relevant passages Relevant lo claim No. 

A US 4 172 295 A (BATTEN) 1,9-11 
30 October 1979 (1979-10-30) 
the whole document ----

' 

0 Further doc:uments are listed In the continuation of box c. [] Palen! farnly members are listed In annex. 

• Special categories of Cited docurrents: 
'T' later doeument publlshed ansr the lntemallonal IIHng dale 

• A' doc:u!T19nl defining thO general ctale of the art which 1$ not or pllorily dale and not In conllk:I wllh lhe applloatlon but 
Cited to understand the Pllndple or l!leoiy Undel1Ylng 1118 IXJlsldered to be Of pallltular relevance tl118nllon 

"E' earlier CIOCument but published on or Biter the lntemallonel 'X' document or particular relevance; the dalmed lnwntlon 
filing date cannot be c::onskiered noYel or Cllflnol ba c:onsldered to 

'L' document which may throw doubts =rily clalm(s) or tlvolve an lnventwe step when the document Is laken alone 
""1k:h ts Cl!ed to eS111bllsh the pub dale or another 'Y' document ol parflailar relevance: the claimed Invention cllatlon or other special reaaan (1111 epecll'IBd) cannot be considered lo Involve en lnvenUile step when lhe 

'O' document relen1ng to an oral dlsdosum, use, exhlbl!lon or document e combtled wtlh one or more other such docu-
ol.bllrmeans menl8, llllch com.blnallon betlg olWIOUs toe peJSOn sldlsel 

'P' document published prlorto tho lnlamatlonal flllng dale but In the art. 
lalllr th1111 th11 priority dale clllfmed •a• doeumont member of tho eame palBlll lamll)' 

Oele of the IICIIA!ll OC?mJ>lellon ol the tllematlonel search Dale ol moJUng of the lntemallonal searoh report 

20 August 2003 26/08/2003 
Name md malllng address of tho ISA AUlhortmd olfl,;er 

European Patent Offlce, P.B. 5818 Patentlaan 2 
NL - 2280 HV RIJ&W!Jk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo n~ Smith, C FBlC (~1-70) 340-0018 

Fann FCT I\SIV210 lsec<Jnd shaol) ~uiv 1G92) 
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INTERNATIONAL SEARCH REPORT 
1ntemat1onal application No. 

PCT/US 03/14160 

Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of cer1aln claims under Article 17(2)(a) for the following reasons: 

1. D Claims Nos.: 
. because they relate to subject matter not required to be searched by this Authority, namely: 

2. [!] Clalms Nos.: 8 
because they relate to parts 01 the International Application that do not comply with the prescribed requirements to such 
an extent that no meanlngful International Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 

3. D Clalms Nos.: . · 
because they are dependent clalms and are not dratted In accordance with the second and third sentences of RUie 6.4(a). 

Box II Observations where unity of Invention Is lacking (Continuation of Item 2 of first sheet) 

This International Searching Authority found multiple Inventions In this International application, as follows: 

1. O As all required addlUonal search tees were timely paid by the applicant. this International Search Report covers all 
searchable claims. · 

2. 0 As all searchable claims could be searched without effort]usUlylng an additional fee, this Authortty dld not Invite payment 
of any additional fee. 

3. O As only some of the required additional search fees were timely paid by the applicant, this lntemauonal Search Report 
covers only those clalms for which fees were paid, specffically o1alms Nos.: 

4. D No required additional search tees were Umely paid by the applicant Consequently, this International Search Report ls 
restricted to the Invention first mentioned In the clalins; II ls covered by claims Nos.: 

Remark on Protest O The addlUonal search tees were accompanied ~Y the appllcant's protest. 

O No protest accompanied the payment or addlUonal search fees. 

Fonn PCT/ISA/210 (continuation ot first Sheet (f)) (July 1998) 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 451 of 1441



FURTHER INFORMATION CONTINUED FROM PCTnSA/ 210 

Continuation of Box 1.2 

Claims Nos.: 8 

Text of claim incomplete. 

lntematlonal Application No. PCTA.Js 03 44160 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions 1n respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.l(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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INTERNATIONAL SEARCH REPORT Int&. ,._,.:>nCII Applloation No 
Information on patent famlly members 

PCT/US 03/14160 
Patent document I Publication -1 Patent family I Publication 

cited in search report· date member(&) date 

us 4172295 A 30-10-1979 NONE 

Folm PCTnS,1V210 (J)alenl tamly emlll) 1Ju1Y 1992) 
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GreenbergTraurig 
~ ~ 1.~~ ~ 

S't.~ \. /!) 

~ ,//; 
cl e R. Valcarcel, Esq. 

Tel. 305-579-0812 
Fax 305-961-5812 
mrv@gtlaw.com 

VIA EXPRESS MAIL 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

September 14, 2009 

Re: U.S. Patent Application No. 10/887,688 

Dear Sir: 

Invention: Percutaneously implantable replacement heart valve device 
and method of making same 
Revocation/New Power of Attorney, Statement-Under 3.73(b), Petition for 
Extension of Time, Response to Office Action Dated March 16, 2009, 
Declarations and Information Disclosure Statement 
Our Ref. No. 051458.010100 

Enclosed under cover of this transmittal letter are the following documents: 

1. Revocation of Power of Attorney and New Power of Attorney executed by the 
assignee of the above-referenced application, appointing the undersigned, together with an 

. executed Statemept Under 37 CFR Section 3.73(b); 

2. Petition for Extension of Time (three months) Under 37 CFR Section 1.136(a), 
including authorization to charge the small entity petition fee under 37 CFR Section l.17(a)(3) 
($555) and any other required fees to Deposit Account No. 50-1792; 

3. Response to the office action dated March 16, 2009 in the above-referenced 
application, canceling 1 independent claim -and 15 dependent claims, and adding 10 new 
independent claims, 3 new dependent claims and 6 multiple dependent claims (5 multiple 
dependent claims referring to 16 prior claims and 1 multiple dependent claim referring to 15 
prior claims), including authorization to charge the small entity fee for 9 net additional 
independent claims in excess of 3 under 37 CFR Section 1.16(i) ($110 x9=$990), the small entity 
fee for 92 net additional claims in excess of 20 under 3 7 CFR l.16(i) ($26 x 92=$2392) and the 
small entity multiple dependent claim fee under 3 7 CFR Section 1.16G) ($195) (total claims fees 
$3,577) to Deposit Account No. 50-1792; 

EXPRESS MAIL MAILING LABEL NO. EH 796550831 US 

GREENBERG TRAURIG, P.A. ■ ATTORNEYS AT LAW ■ WWW.GTLAW.COM 

1221 Brickell Avenue ■ Miami, FL 33131 ■ Tel 305.579.0500 ■ Fax 305.579.0717 
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Commissioner of Patents & Trademarks 
September 14, 2009 
Page 2 

4. Supplemental De~laration Under 37 CFR Section 1.131 together with exhibits 
including Affidavits of Dr. Gervasio A. Lamas, M.D. and Dr. Paolo Angelini, M.D.; 

5. Utility Patent Application Declaration; and 

6. Information Disclosure Statement, Form PTO/SB/08a and copies of non-U.S. 
patent documents listed therein including authorization to charge the Information Disclosure 
Statement Fee under 37 CFR Section 1.17(p) ($180) to Deposit Account No. 50-1792. 

Please charge all required fees noted above and any other required fees for the enclosed 
submission to Deposit Account No. 50-1792. 

Please confirm receipt of the enclosed documents by date-stamping and returning the 
enclosed postage paid return postcard. Please direct all communications regarding the foregoing 
to the undersigned. 

MRV/mam 
Enclosures 

cc: David Paniagua; M.D. 
R. David Fish 
Endoluminal Technology LLC 

MIA 180,806,014v1 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 

M:71 ~~f.;;;!l 
Re;to. 41,360 

EXPRESS MAIL MAILING LABEL NO. EH 796550831 US 

GREENBERG TRAURIG, P.A. • ATTORNEYS AT LAW • WWW.GTLAW.COM 
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( SEP I 4 10091 j 
\ , ~~~ 

~ 
Approved for use through 10/31/2002 0MB 0651-0031 

,_. U.S. Patent and Trademarl< Office: U.S. DEPARTMENT OF COMMERCE 
U · ~ ·· ·- ·• eduction Act of 1995 no oersons are reouired to resaond to a collectlon of Information unless If disolays a valid 0MB control number 

PETITION FOR EXTENSiON OF TIME UNDER 37 CFR 1.136(a) 051458.010100 
-· I Docket Number (Optional) 

In re Application of Paniagua, et al. 

Application Number 10/887 ,688 I Filed July 10, 2004 

Group Art Unit 3738 I Examiner: Miller, Cheryl L. 

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 appropriate non-small-entity fee are as follows: 
(check time period desired): 

D One month (37 CFR 1.17(a)(1}} $ ___ _ 

D Two months (37 CFR 1.17(a)(2)) $ ___ _ 

l'8I Three months (37 CFR 1.17(a)(3)) · $ 1110.00 

D Four months (37 CFR 1.17(a)(4)) $ ___ _ 

D Five months (37 CFR 1.17(a)(5)) $ ___ _ 

l'8I Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown above is 
reduced by one-half, and the resulting fee is: $ 555.00 

A check in the amount of the fee is enclosed. 

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

l'8I The Commissioner has already been authorized to charge fees in this application to a Deposit 
Account. 

l'8I The Commissioner is hereby authorized to charge the fee and any additional fees which may be 
required, or credit any overpayment, to Deposit Account Number 50-1792. 

I have enclosed a duplicate copy of this sheet. 

I am the D assignee of record of the entire interest. 

D applicant. 

l'8I attorney or agent of record. 

D attorney or agent under 37 CFR 1.34(a). 
Registration number if acting under 37 CFR 1.34(a) _______ . 

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. 

September 14, 2009 
Date 

1 dV~ 
/ Sign_ature 

Manuel Valcarcel, Esq. 1 

Typed or printed name (Reg. 41,360) 

Burden Hour Statement. This form Is estimated to take 0.1 hours to complete. Time will vary depending upon the needs of the Individual case. Any comments on 
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Tradernarl< Office, Washington, DC 
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 

EXPRESS MAIL MAILING LABEL NO. EH 796550831 US 

MIA 1B0,806,008v1 / 

09/15/2009 RMEBRAHT 00000073 501792 10887688 

04 FC:2253 555.00 DA 
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r 1 4 1009 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
:,C. I 

\. I , tors: Paniagua, et al. 
"~A~ ent Application Serial No. 10/887,688 

Filing Date: July 10, 2004 
Title: Percutaneously Implantable Replacement Heart Valve Device and Method of Making 
Same 

REVOCATION OF POWER OF ATTORNEY 
AND 

NEW POWER OF ATTORNEY 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

The undersigned assignee and owner of the above-referenced patent application hereby revokes 
all Powers of Attorney previously granted and hereby appoints Manuel R. Valcarcel, attorney 
at law, of the firm of GREENBERG TRAURIG, P.A., with an address at 1221 Brickell 
Avenue, Miami, Flori~a 33131, to transact all business in the United States Patent and 
Trademark Office in connection therewith. The correspondence address in the above­
referenced patent application shall remain the same, namely: Manuel Valcarcel, Esq., 
Greenberg Traurig, P.A., 1221 Brickell Avenue, Miami, Florida 33131. Please direct all 
future correspondence to this address. 

Date: September _2_, 2009 

cc: Manuel R. Valcarcel, Esq. 
Greenberg Traurig, P.A. 
1221 Brickell A venue 
Miami, Florida 33131 

MIA 180,790,817v1 

Assignee/Owner: 

ENDOLUMINALTECHNOLOGYLLC 

Signature: ™ 
Name: 7<.. 1)gv,'cl 6sh 
Title: lflao.aq,·11 Officec 
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SEP 14 2009 i 
l ,. . ~~~ 
~ Approved for use through 07/31/2012. 0MB 0651.()031 

'-" ,-... ._ -'--' U.S. Patent and Trademark Offi011; U.S. DEPARTMENT OF COMMERCE 
"-.. "'A the p,."""""rk Reduction Ad of 1995, no DemnnS are renuired to resDOlld to a collection of Information unless ii displays a valid 0MB oontrol number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent Owner: Endoiumjnal Technology LLC 
Application No./Patent No.: 10/887,688 Filed/Issue Date: .._Ju...,l,._y .... 1.,,.0...,2""0 ... o,._,4'--_______ _ 
Titled: Percutaneously implantable replacement heart valve device and method of making same 

... EuO:,,o;dOIICll:Kuu.rowiO.!l=a!J.l ...,Te,.,_,c,.._h.,_n,...o..,,lo..,.g..,y_.LuL..,C<-_______ ' a limited ljabjljty company 
(Name of Assignee) (Type of Assignee, e.g., corporation, partnershlp, university, government agency, etc. 

states that it is: 

1. the assignee of the entire right, title, and interest in; 

2. an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is %); or ----

3. 0 the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a 
copy therefore is attached. 

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

D 

1. From: P Panjaaua E lndurii, c Mejia and E Lopez To: Endoluroinal Technology Research LLC 
The document was recorded in the United States Patent and Trademark Office at 

Reel 022532 , Frame 0213 , or for which a copy thereof is attached. 

2. From: Endoluminal Technology Research LLC To: Endoluminal Technology LLC 
The document was recorded In the United States Patent and Trademark Office at 

Reel 022532 , Frame 0275 or for which a copy thereof is attached. 

3. From: B Davjd Fish To: Endoluroinal Technology LLC 
The document was recorded in the United States Patent and Trademark Office at 

Reel 022899 , Frame 0819 or for which a copy thereof is attached. 

D Additional documents in the chain oftitle are listed on a supplemental sheet(s). 

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. · 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (mose title is supplied below) is authorized to act on behalf of the assignee. 

2@Ji 
Date 

Printed or Tvoed Name 
This cotlectlon of informalion is required by 37 CFR 3,73{b). The information is required to obtain or retain a benefit by the pubilc which is to file (and by the USPTO to 
process) an application. Confidentiality ls governed by 35 U.S.C. 122 and 'ST CFR 1.11 and 1.14. This oolledion is estimated to take 12 minutes to complete, Including 
gathering, preparing, and eubmltllng the completed applicatfon form to the USPTO. Time wlU 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 Trac:1emar11 Office, U.S. 
[)epartmant of Commeroe, P.O. Bax 1450, Alexandria, VA 22313-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313·1450. 

,.. ·-·· ___ .,, ...... _,""".,.._ ...... , ___ ..,,,..~ ... ...,_ ...__ ,,...,.,, • °""" rrr-n n•l'\fl ...... .,,, ..... ,.,......, ....... 1J ...... .., 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Attorney Docket No.: 051458.010100 
First Named Inventor: Paniagua; David 
Patent Application Serial No. 10/887 ,688 
Filed: July 10, 2004 
Art Unit: 3738 
Examiner Name: Miller, Cheryl 

~ UTILITY PATENT APPLICATION DECLARATION 

S'i.~ \ ~ l~~~'i) As a below named inventor, I hereby declare that: 

__,,_ ~ My mailing address, residence and citizenship are as stated below my name, 
''"'"~ti 

I believe I am an original, first and joint inventor of the subject matter claimed and for 
which a patent is sought on the invention entitled "Percutaneously Implantable Replacement 
Heart Valve Device and Method of Making Same." the specification, including the claims, of 
which was filed on July 10, 2004 as Application Serial No. 10/887,688, and as amended as 
attached hereto. 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claim·s, as amended by any amendment referred to above. I hereby 
declare that the subject matter of the attached amendment was part of the invention and was 
invented before the filing date of the original application identified above for such invention. 

I acknowledge the duty to disclose information that is known to me to be material to 
patentability in accordance with Title 37, Code of Federal Regulations, Section l.56(a). 

The benefit under Title 35, United States Code. Section 119 of United States provisional 
application(s), and/or Section 120 of any United States application(s) listed below has been 
claimed by or on behalf of the undersigned previously and said claim is reaffirmed, and, insofar 
as the subject matter of each of the claims of this application is not disclosed in the prior United 
States application in the manner provided by the first paragraph of Title 35, United States Code, 
Section 112, I acknowledge the duty to disclose material information as defined in Title 3 7, Code 
of Federal Regulations, Section l.56(a) that occurred between the filing date of the prior 
application and the filing date of this application: 

Prior U.S. Application(s): 

Serial No. Filing Date Status: Patented, Pending, Abandoned 

10/037,266 January 4, 2002 Abandoned 
Please direct all correspondence to the attorney of record: 

Manuel Valcarcel, Esq. 
Greenberg Traurig, P.A. 

1221 Brickell A venue 
Miami, Florida 33131 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that ·willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United· States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

Full name of first joint inventor: David Paniagua 

Inventor's signature: Date: September _, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(if different from mailing address): 

~ 1 L 9:-., 

Full name of second joint inventor: Eduardo lnduni 

Inventor's signature: Date: September _, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(ifdifferent from mailing address): 

Full name of third joint inventor: Carlos Mejia 

Inventor's signature: 

Mailing Address: S ~ fJ 3, 

Citizenship: C ( 1 
O 01+1\IC>iO.... 

Date: September _, 2009 

~ 0 \Jl} i:> ..,, t ~Oj I/ 0 ~ S 
Residence (City, State, Country)(if different from mailing address): 

Full name of third joint inventor: Francisco Lopez-Jimenez 

Inventor's signature: Date: September _J 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(if different from mailing address): 

Full name of fifth joint inventor: R Pavid Fish 

Inventor's signature: Date: September_, 2009 • 

Address: 

Citizenship: Residence (City, State, Country)(ifditl'erent from mailing nddress): 

2 
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l hereby· declare: .tJiaJNi1f statements;maUe'l1~m~'.(jj,i'.~)' '()~11,lqi~wl~g~;1,~'~,e:'.:afid{ffilit :al{ ~W#l¢nfs. 
made·o1f itif orinaaaMin(i\ijeHef~~tieJl~t · ~tm¢;;,~drfw,ilr~J:'.' · · · · " · · · ·we.te5:r.na4~· \V•hlt · 
. the' ktJoWteagifthI(t·~llfill"lfilse statenfertffii. , _. , ·.g1s1>~mi'd~t··, ._ .. , . .., . ,. , ,,. . 'Qf{µYpriS<iruneot; 
ot' &tfq wxdij:r: se-ctibw· Foo:1, · of titlt!1'ilfW9f:ttre'-u'mie'il~Stites~~,~e·1:.ifti~tmrt:"suclii:W;iiiful·!'fr1~ staitm'<ints 
· ~~yjeopW]ii.e<th~,viiJ.1~\i•o'f•ffio'appl(c~tt-Qb~EFiilYtateiWls~fdttlieie<5n'/. ·. . , . . . . . 

Full name offil.stjpint i:ny6ntor; E>ilvid1~ii:ti'.i~ 

Invet1t0r's'signaturei· 

Mailing Addres's: 

·Citu.eostiip: 

FuU name. ofsecon&jb'int fuveritof:· Ed'uarao fo·dtrn'i'. 

.... 
Maiiio'i(~daresst ·;Rest, ~Jµ: 

rrtvent:drs,stgnarure, · · 
· :,:~ij)inks•~aa~§,:~;: -~-, ,,. 

- -A-•~•••' ,V 

. . 
, ~••""•,.:,,A,·•••-><"-•~•••~ ,•.,: ... J.:.',,~•.~_,:_:,:,• •-•~~• ... ,,, .... ,::,:1.• .. ~:•~,.~,,.,:.,,_,,~;,f',,;i,,-,.~ .. .lf, ... ,.•, ... ~:.;M•, ~•i,!,...,,., 1.',".J., 

·"'"'-1ti-::-:O·.a~· c1ress~·~-,..._ ... ':!"',: ==...;;.,...;.._,;;,:,;.;~"""""".;.;.;;.;.-=-""""""'--=.......:=..:.:::......,,~~:::....;a:;=~;;.......:....,,..,:=;...-~~--....._.::;.;;:_J~, 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

Full name of first joint inve,ntor: David Paniagua 

Inventor's signature: Date: September_, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(if different from mailing address): 

Full name of second joint inventor: Eduardo Induni 

Inventor's signature: Date: September_, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(if different from mailing address): 

Full name of third joint inventor: Carlos Mejia 

Inventor's signature: Date: September_, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(ifdifferent from mailing address): 

or: Francisco Lopez-Jimenez 

Date: September , 2009 

Mailing Atto ,;) -fi,st' 5-t :s }Al Jiih,;t-v-, JV!,V • J3Ji. 
C1tizenshiptfV\Q (\ C~ " Residence (City, State, Country)(if different from mailing address): 

Full name of fifth joint inveQtor: R. David Fish 

Inventor's signature: Date: September _, 2009 

Address: 

Citizenship: Residence (City, State, Country)(ifdifferent from mailing address): 

2 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

Full name of first joint inventor: David Paniagua 

Inventor's signature: Date: September_, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(ifdifferent from mailing address): 

Full name of second joint inventor: Eduardo Induni 

Inventor's signature: Date: September_,, 2009 

Mailing Address: 

Citizenship: Residence (City, State, CountryXifdifferent from mailing address): 

Full name of third joint inventor: Carlos Mejia 

Inventor's signature: Date: September _,, 2009 

Mailing Address: 

Citizenship: Residence (City, State, Country)(ifdifferent from mailing address): 

Full name of third joint inventor: Francisco Lopez-Jimenez 

Inventor's signature: Date: September_,, 2009 
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In re patent application of 
Paniagua, et al. 
Serial No. 10/887,688 
Filed: July 10, 2004 
Invention: Percutaneously Implantable Replacement Heart Valve Device and 

Method of Making Same · 

Commissioner for Patents 
P.O. Box 1450 

RESPONSE TO OFFICE ACTION 

Alexandria, Virginia 22313-1450 

Sir: 

Examiner: Cheryl Miller 
Group Art Unit 3738 

In response to the Office Action dated March 16, 2009 in the above-referenced 

application, the undersigned, on behalf of the Applicant, submits the following Response to 

Office Action together with a summary of the telephonic interview held on June 9, 2009 between 

the examiner and the undersigned, which is attached as Appendix A to this Response, and a 

Supplemental Declaration under 3 7 CFR Section 1.131 including witness affidavits as supporting 

evidence, which is attached as Appendix B to this Response. An unmarked version of the claims 

is also provided as Appendix C, for examiner's convenience and ease of review of the claim 

amendments. A Revocation of Power of Attorney and New Power of Attorney executed on 

behalf of the assignee of the present application and a Statement Under 37 CFR Section 3. 73(b) 

are also enclosed. Additionally, a Request for Extension of Time Under 37 CFR Section 

1.136(a), a Utility Patent Application Declaration of the co-inventors and Information Disclosure 

R! Statement with a copy of the non-patent literature listed in same are enclosed. Authorization to _, 
~ 
~ charge Deposit Account No. 50-1792 for the applicable fees is included with the transmittal g ~ 
g~ 
g O .. 

correspondence submitted with this Response to Office Action. Claim amendments begin on Si: g:~ 

page 2. Remarks begin on page 19. 
I ~ 
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AMENDMENTS TO THE CLAIMS 

The following listing will replace all prior versions of the claims in the application: 

1. (currently amended) A percutaneously implantable replacement heart valve 

device comprising;, 

an expandable stent member having an inner ~channel. and a flexihle, eompressible 

artifieial Yalv:e disposed within said inner spaee of said steet member affixed at one or more 

poiets oe said artifieial vah'e's outer surfaee to 

a sheet of biocompatihle material forming a collapsible and expandable valve. said 

collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure. said sheet of biocompatible material being disposed within 

· said inner channel of said stent member, said artificial ·val:,,'e eomprisieg a sheet of 

biocompatible material material having two opposite ends joined to form an outer 

generally tubular portion having an inner space and having one or more folds defining &e:e.an 

inner leaflet portion with two or more eusps orunslit leaflets without slits eut ieto said 

material or separate eusps or leaflets . affixed thcretorequiring suturing of said leaflets. 

said inner leaflet portion being disposed within said inner space of said outer generally 

tubular portion. 

2. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said expandable stent member is made of a metal or alloy of metals 

seleeted from the group eonsisting of niekel titanium alloy, titauium and stainless steel. 

3. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material of said ortifieial voh'e 

comprises mammal pericardium tissue. 

2 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 465 of 1441



4. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible mateFial af said aFtifieial Yah•e 

' ' . .,.. ' ' I ' d' d t' I 'th' 'd ' eompnses poFeme per1earumm tissue matena 1s1spose en ire y w1 m sa1 mner 

channel of said stent member. 

5. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material of said artifieial val:ve is 

obtaieed from a juvenile animal pericardiumcomprises graft material. 

6. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material of said artificial :val:ve 

comprises biological autologous _tissue obtaieed from the patient ieto whom said 

Feplaeemeet heaFt Yah•e deYice will be implanted. 

7. ( currently amended) The percutaneously implantable heart valve device of claim 

1, wherein said sheet of biocompatible material of said artificial Yalve comprises a synthetic 

biocompatible material. 

8. (currently amended) The percutaneously implantable heart valve device of claim 

7, wherein said synthetic biocompatible matc;:rial is selected from the group consisting of 

polytetrafluoroethylene, polyester, polyurethane. metal, metal alloy and metal foil. including 

combinations thereof. 

9. (original) The percutaneously 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. 
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11. (canceled) 

12. (canceled) 

13. (canceled) 

14. (canceled) 

15. (canceled) 

16. (canceled) 

17. (canceled) 

18. (canceled) 

19. (canceled) 

20. (canceled) 

21. (canceled) 

22. (canceled) 

23. (canceled) 

24. (canceled) 

25. (canceled) 

26. (canceled) 

27. ( currently amended) A percutaneously implantable replacement heart valve 

device comprising "' 

an expandable stent member having an inner space aml a Aexihle, eempFessihle 

aFtifieial 1,ralve maElechannel. 
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a first sheet of biocompatible material aed disposed within said inner space of said 

stent member affixed at one or more points on said artifieial vah1e's outer surface to said 

steet member, said artificial val•,'e comprisieg a leaflet or cusp portioe formed by folding of 

a first sheet portion 'of said bioeompatihle tissue material without cutting slits into said first 

sheet portion to form said cusps or leetlets, aed an outer tubular cuff structure formed by 

foldieg a second sheet portion of bioeompatihle ti_ssue material material forming a first 

generally tubular portion having an inner space. said first generally tubular portion having 

a first border defined by a first border fold. and one or more additional folds. said first 

border fold and said one or more additional folds defining a cusp or leaflet portion having 

one or more unslit leaflets without requiring suturing of said leaflets. and 

a second sheet of biocompatible material forming a second generally tubular portion 

having a folded border defining a cuff, 

said first sheetgenerally tubular portion and second sheetgenerally tubular portion 

being affixed together to form a collapsible and expandable valve. said collapsible and 

expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure and having an outer generally tubular structure formed by said 

first generally tubular portion and said second generally tubular portion. said outer 

generally tubular structure having an inner space with said leaflets disposed within said 

inner space of said outer generally tubular structure. and 

said first sheet of biocompatible material and said second sheet of biocompatible 

material being disposed within said inner channel of said stent member. 

28. (currently amended) The percutaneously implantable replacement heart 

Y3.IY.e...device of claim 27, wherein said first sheet portion eed said second sheet portioes ere 
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affixed tagethe.- hy sutu.-ieg. collapsible and expandable valve is attached to said 

expandable stent member at one or more attachment points. and wherein said one or more 

attachment points consist of attachment points disposed on said outer generally tubular 

structure. 

29. (currently amended) The percutaneously implantable replacement heart 

valve device of claim 28, •t1rhe.-eie said sutuFing is in the feFm af dauble eantinuous 

sutu.-es27. wherein said first sheet of biocompatible material and said second sheet of 

biocompatible material are disposed entirely within said inner channel of said stent 

member. 

30. (currently amended) A percutaneously implantable replacement heart valve 

device comprising i 

a sheet of flexible, compressihle biocompatihle mate.-ial felded ta ferm a tubular 

euff pa1·tiae ha¥ing an inneF tuhuloF space and felded fu.-theF ta feFm an inneF peFipheFal 

upstanding cusp OF leaflet partianbiocompatible material forming a collapsible and 

expandable valve. said collapsible and expandable valve being percutaneously and 

transluminally implantable via an endovascular procedure. said sheet of biocompatible 

material having a first border with a fold defining a cuff portion. and having a second 

border opposite to said first border with a second border fold and one or more additional 

folds oriented perpendicularly in relation to said second border fold defining a leaflet 

portion having one or more leaflets formed by one or more of said folds without requiring 

slits in said sheet of biocompatible material to form said one or more leaflets. and without 

requiring suturing of said one or more leaflets. said sheet of hiocompatible material 

forming a generally tubular structure having an inner space with said leaflets disposed 
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within said inner tubular space of said generally tubular euff portien structure, said 

eusps/lcaflets opening in response to blood flow through said tubular inner space of said 

generally tubular euff portienstructure in one direction and closing in response to blood flow 

in the.an opposite direction. 

31. ( currently amended) The device of claim 30, wherein said leaflet portion 

comprises a separate sheet of said eompressible biocompatible material including one or more 

additional lengthwise pleats through which said leaflet portion is attached to said tubular cuff 

portion. 

32. ( currently amended) The device of claim 30, w.hereiR said biocompatible 

material further i~cludes a folded edge through which said material is attaehed tefurther 

comprising an expandable stent having an inner channel, said attachment being made toa.n.d 

wherein said sheet of biocompatible material is disposed within said inner channel of said 

expandable stent memher by suturing. and wherein said sheet of biocompatible material 

further comprises one or more folds through which said sheet of biocompatible material is 

affixed to said expandable stent. 

33. (currently amended) A percutaneously implantable replacement heart valve 

device comprising ,;, 

an expandable stent member having an inner space and a flexible, compressible 

artificial val•;e made of hiecompatible material andchannel. and 

a sheet of biocompatible material forming a collapsible and expandable valve. said 

collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure. said sheet of biocompatible material being disposed within said 

inner space of said stent memher affixed at ene er mere points on said artificial vah•e's 
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outer surface techannel of said stent member, said aFtificial 11alve camprisiag e sheet of 

biocompatible material having a first iewenl feld dispesedborder fold. one or more 

additional folds parallel to ae edge af said s-heetfirst border fold and one or more inwaFd 

felds spaeed along said sheet perpeedicular ta said first inward feld, the fFee edge of said 

first inward feld defining a peFipherol upstaediegfolds oriented perpendicularly in relation 

to said first border fold to form a leaflet er cusp portion with leaflets without cutting of slits 

in said sheet of biocompatible material to form said eusps OF leaflets said sheet ha11ing two 

opposite eads peFpeadieular to said first inward feld, said apposite eeds heieg joined to 

defiee a tuhulaF partieeleaflets. and without requiring suturing of said leaflets. said sheet 

of biocompatible material being formed into a tubular structure having an inner space 

within which said cusp er leaflet :p0Fti0n isleaflets are disposed, said felded eusps eF leaflets 

eausieg said valve ta apeeopening in response to blood flow toward said leaflets in one 

direction and ~closing in response to blood flow in the.an opposite direction. 

34. (currently amended) A percutaneously implantable replacement heart valve 

device eamprisiegincluding: 

an expandable stent member having an inner space and a fle:dhle, compressible 

artificial val•;e having e generally tubular portion and a :peFipheral upstanding cusp er 

leaflet portion disposed •,11rithin said inner spaee of said stent member and affixed at one er 

mare paints ee said artificial valve's outer surface ta said steet member, said artifieial 

Yalve comprising a continuous uncut, unslit sheet of hi0c0mpetihle tissue material having 

an upper harder with an outward feld, a lower herder ·,lith an inward feld, e first edge aed 

a second edge, said first edge eed second edge heieg dis:pesed perpendicular to said 11pper 

herder eed said lower harder, said first edge and said seeand edge being folded inwardly in 
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relation to eaehother and said inward falds of said first edge and said seeond edge being 

joined to farm saidchannel. and 

a sheet of biocompatible material forming a collapsible and expandable valve. said 

collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure. said sheet of biocompatible material having an upper border 

fold. a lower border fold. and one or more folds oriented perpendicularly in relation to said 

upper border fold forming one or more cusps or leaflets without requiring suturing of said 

leaflets. said sheet of biocompatible material further having two opposite ends coupled to 

form a generally tubular portion having an inner space, with said inward falds beiegcusps or 

leaflets disposed within said inner space of said generally tubular portion to farm said 

peripheral upstanding eusp or leaflet portion. said cusps or leaflets being unslit. said sheet 

of biocompatible material being disposed within said inner channel of said stent member. 

35. (currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

an expandable stent 'member having an inner spaeechannel, and 

a fledble, eompressible artifieial valve disposed withie said ineer spaee of said steat 

member, affixed nt one er more paints en said artifieial YalYe's outer surfaee ta said stent 

member, eemprisieg a fiFSt single eaetieuous ueeut, ueslit sheet of bioeompatible tissue 

material haYing an upper border, a la:wer border opposite and parallel to said upper 

border, an inner fold disposed at said lower border, and two opposite edges perpendieular 

to said upper border and said lower border and falded inwardly in relation to eeehother 

with the edge of said inward folds of said two opposite edges joined to eaehother, and a 

seeond sheet of bieeompotihle tissue materiel haYieg on upper border with an outward fold 

9 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 472 of 1441



and a lower border opposite and parallel to said upper border, and ha1,ring two opposite 

edges perpeedieular to said upper border and said lower border aed joined to eaehother, 

said upper border of said first sheet joieed. to said. lower border of said seeoed sheet. 

a collapsible and expandable valve. said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure. said 

collapsible and expandable valve comprising a first sheet of biocompatible material having 

an upper border defined by an upper border fold. a lower border and one or more 

additional folds positioned on said sheet of biocompatible material between said upper 

border and said lower border and oriented inwardly in relation to eachother. said upper 

border fold and said one or more additional folds forming one or more leaflets without 

cutting of slits to form said one or more leaflets and without requiring suturing of said one 

or more leaflets. said first sheet formed into a generally tubular portion having an inner 

space with said one or more leaflets disposed within said inner space. and a second sheet of 

biocompatible material formed into a second generally tubular portion having an inner 

space and a cuff defined by a fold. said first sheet of biocompatible material being affixed 

to said second sheet of hiocompatible material to define a generally tubular structure 

having a border defined by said cuff. with said one or more leaflets disposed within said 

inner space of said generally tubular structure. said first sheet of biocompatible material 

and said second sheet of biocompatible material being disposed within said inner channel 

of said stent member, 

36. (currently amended) A percutaneously implantable replacement heart valve 

device eomprisiegincluding; 
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an expandable stent member having an inner spaeechannel. and a flMible, 

eompressihle artificial valve 

dispesed 1.Yithin said iAAer spaee of said stent member affixed at one or more points 

on said ertifieial Yalve's outer surface to said stent member, said artificial Yal'\'e comprising 

a geeerally tubular portion end a cusp or leaflet portion, said generally tubular portion 

end seiEi cusp or leaflet portion comprising a single falded unslit sheet of a sheet of 

biocompatible tiss-H:e material disposed within said inner channel of said stent member. said 

biocompatible material having two or more folds to define a collapsible and expandable 

valve. said collapsible and expandable valve being percutaneously and transluminally 

implantable via an endovascular procedure. said folded sheet of biocompatible material 

having a generally tubular portion having an inner space and a cusp or leaflet portion with 

leaflets disposed within said inner space of said generally tubular portion. said leaflets 

being unslit and formed by one or more of said folds without requiring suturing of said 

leaflets and without requiring affixation of said leaflets. 

37. (currently amended) A percutaneously implantable replacement heart valve 

device comprising en expandable stent member haviog an inoer space and a flexible, 

compressible artificial valve disposed within said inner space of said stent member affixed 

at one or more points on said artificial YalYe's outer surface to said stent member, said 

artificial yalve comprising a single sheet of biocompatible material haying one or more 

folds defining one or more cusps or leaflets without slits eut into said material.including: 

an expandable stent member having an inner channel. and 

a sheet of biocompatihle material forming a collapsible and expandable valve 

capable of b~ing percutaneously and transluminally implantable via an endovascular 
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procedure. said sheet of biocompatible material having one or more inward horizontal 

folds and one or more inward vertical folds defining one or more unslit cusps or leaflets 

without requiring suturing of said leaflets. said leaflets opening in response to blood flow in 

one direction and closing in response to blood flow in an opposite direction. said sheet of 

biocompatible material formed into a generally tubular structure having an inner space 

with said leaflets disposed within said inner space of said generally tubular structure. said 

sheet of biocompatible material being positioned within said inner channel of said stent 

member, 

38. (new) A percutaneously implantable replacement heart valve device comprising: 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet ofbiocompatible material having one or more folds to form a 

cuff portion and being formed into generally tubular structure having an inner space, said sheet 

of biocompatible material having two or more additional folds forming a cusp or leaflet portion 

with unslit leaflets without requiring suturing of said leaflets or affixation of said leaflets, 

wherein said leaflets open in response to blood flow in one direction and close in response to 

blood flow in an opposite direction, and 

an expandable stent having an inner channel, said sheet of biocompatible material being 

disposed within said inner channel of said stent. 

39. (new) A percutaneously implantable replacement heart valve device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 
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collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material disposed within said inner channel 

of said stent member, said sheet of biocompatible material being formed into a generally tubular 

structure having a top end fold, a bottom end fold, and one or more additional folds positioned 

between said top end fold and said bottom end fold forming leaflets defined by folds without 

requiring cutting of slits into said sheet of biocompatible material to form said leaflets or 

requiring suturing of said leaflets. 

40. (new) A percutaneously.implantable replacement heart valve device comprising: 

ru:i expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material having a first border portion with 

one or more first border folds, one or more additional folds oriented perpendicularly in relation 

to said first border portion, said sheet of biocompatible material being further formed into a 

generally tubular structure having an inner space with one or more unslit leaflets defined by one 

or more of said folds without requiring suturing of said leaflets and without requiring affixation 

of said leaflets, said leaflets disposed within said inner space of said generally tubular structure, 

said sheet of biocompatible material being disposed within said inner channel of said expandable 

stent member. 

41. (new) The percutaneously implantable replacement heart valve device of claim 

40, further comprising a further fold defining a second border parallel to said one or more first 

border folds. 

42. (new) A percutaneously implantable replacement heart valve device including: 
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an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material disposed within said inner channel 

of said stent member, said sheet of biocompatible material having two or more folds defining one 

or more unslit leaflets without requiring suturing of said leaflets. 

43. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, 

said collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure, said sheet of biocompatible material having an upper border defined 

by a first fold having an outer end portion oriented inwardly in relation to said upper border, said 

outer end portion having a further fold, a lower border defined by a second fold, a right end, a 

left end, and one or more additional folds positioned between said right end and said left end, 

said right end and said left end coupled to form a generally tubular structure with an inner space 

having unslit leaflets disposed within said inner space of said generally tubular structure without 

requiring suturing of said leaflets, said sheet being disposed within said inner channel of said 

stent member. 

44. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and translurninally implantable via an endovascular procedure, said collapsible 
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and expandable valve consisting essentially of biocompatible sheet material disposed wiJhin said 

inner channel of said stent member, said biocompatible sheet material formed into a tubular 

structure having one or more folds defining one or more unslit leaflets without requiring suturing 

of said leaflets or affixation of said leaflets, said leaflets opening in response to blood flow 

toward said leaflets in one direction and said leaflets closing by means consisting of blood flow 

in an opposite direction. 

45. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure, said collapsible 

and expandable valve consisting of biocompatible sheet material disposed within said inner 

channel of said stent member, said biocompatible sheet material formed into a generally tubular 

structure having one or more folds defining one or more unslit leaflets without requiring suturing 

of the leaflets. 

46. (new) A percutaneously implantable replacement heart valve device consisting 
I 

essentially of: 

an expandable stent member having an inner channel, and 

biocompatible sheet material forming a collapsible and expandable valve, said collapsible 

and expandable valve being percutaneously and transluminally implantable via an endovascular 

procedure, said sheet of biocompatible material disposed within said inner channel of said stent 

member, said biocompatible sheet material formed into a generally tubular structure with two or 

more folds defining one or more unslit leaflets without requiring suturing of said leaflets. 
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47. (new) A percutaneously implantable replacement heart valve device consisting 

of: 

an expandable stent member having an inner channel, and 

biocompatible sheet material forming a collapsible and expandable valve, said collapsible 

and expandable valve being percutaneously and transluminally implantable via an endovascular 

procedure, said sheet of biocompatible material being disposed within said inner channel of said 

stent member, said biocompatible sheet material being formed into a generally tubular structure 

with two or more folds defining one or more unslit leaflets without requiring suturing of said 

leaflets. 

48. (new) A percutaneously implantable replacement heart valve device comprising: 

a sheet of biocompatible material having a first border portion with one or more first 

border folds, a second border opposite said first border portion defined by a second border fold, 

and one or more additional folds oriented perpendicularly in relation to said first border portion 

and having two opposite outer free ends, said opposite outer free ends being coupled to form a 

generally tubular structure having an inner space to define a collapsible and expandable valve, 

said collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure, said collapsible and expandable valve having one or more unslit 

leaflets defined by one or more of said folds, said one or more leaflets disposed within said inner 

space of said generally tubular structure, said leaflets opening in response to blood flow toward 

said leaflets in one direction and closing in response to blood flow in an opposite direction, and 

an expandable stent having an inner channel, said sheet of biocompatible material being 

disposed within said inner channel of said expandable stent. 
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49. (new) The device of claim 27, wherein said first sheet has one or more additional 

pleats through which said first sheet is attached to said second sheet. 

50. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is affixed to said stent member with affixation points on a single plane. 

51. (new) The percutaneously implantable heart valve device of claims 27, 30, 33, 

34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material of said valve 

comprises a synthetic biocompatible material selected from the group consisting of: 

polytetrafluoroethylene, polyester, polyurethane, metal, metal alloy and metal foil, including 

combinations thereof. 

52. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is dried prior to folding and rehydrated after folding. 

53. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is further folded to form one or more attachment pleats. 

54. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said inner channel of said 

stent member has no inward projections coupled to and supporting said valve leaflets. 

55. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is photomechanically compressed prior to folding. 
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56. (new) The percutaneously implantable replacement heart valve device of claim 

1, wherein said sheet of biocompatible material is attached to said expandable stent member at 

one or more attachment points on said sheet of biocompatible material, said one or more 

attachment points consisting of attachment points disposed on said outer generally tubular 

portion. 
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Remarks 

Claims 1-10 and 27-37 remain in the application. Please cancel claims 11-26. New 

claims 38-56 have been added, and claims 1-8, and 27-37 have been amended. 

A. Discussion of Claim Amendments and New Claims. 

Below is a summary of the claim amendments and new claims, providing references to 

the present application and/or the parent application supporting the amendments. Where similar 

amendments are made in multiple claims, the explanation of support is provided in the 

discussion of the claim where the amendment is first made, but is not repeated with respect to 

later claims to reduce redundancy. 

Claim 1 has been amended to refer to state that the suturing of leaflets is not required, 

distinguishing from Garrison (US 6,425,916)("Garrison") which requires suturing of the leaflets 

(see sutures 110 and Fig. 35 of Garrison). Support for suturing ofleaflets not being required is in 

paragraph [0024] of the present application and paragraphs [0024] and [0027] as well as Figs. 3A 

and 3B of the present application and the parent application, among other portions of said 

applications. Additionally, new claim 56 has been added which depends on claim 1 and refers to 

the sheet of biocompatible material forming the valve is attached to the stent at one or more 

attachment points on the sheet of biocompatible material, said attachment points consisting of 

points on the outer generally tubular portion of the folded sheet, distinguishing from Bailey (US 

6,458,153) ("Bailey") which has the stent attached to the valve at the leaflet portion via the 

reinforcement struts that are coupled to or are encased in the valve flaps in Bailey. Support for 

claim 56 is in paragraph [0037], last sentence, of the present application, among other parts of 

the present and past application. 

Claim 2 has been amended to eliminate the Markush group. 
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Claim 3-7 have been amended to remove unnecessary wording. 

Claim 4 has been amended to refer to the sheet of biocompatible material forming the 

valve being disposed entirely within the inner channel of the stent, distinguishing from Bailey 

which requires graft/valve material io be at least partially covering the outer surface of the stent 

(See Bailey at Col. 9, lines 5-7: "The outer graft member 11 a encloses at least a portion of the 

ablumenal surface of the intermediate annular section 20 of the st~nt body member"). Support 

for the valve/biocompatible material being disposed entirely within the stent is in Figs. 5 and 6 

and paragraph [0037] of both the present application and the parent application, among other 

portions of said applications. 

Claim 5 has been amended to refer to graft material. Support for said amendment is in 

paragraph [0046] of both the present application and the parent application. 

Claim 8 has been amended to refer to polyurethane and metal foil as synthetic materials. 

Support for said amendment is in paragraph [0046] of the present application. 

Claim 27 has been amended as with claim 1, to state that suturing of leaflets is not 

required, distinguishing from Garrison, and to add further detail regarding the two sheets and 

noting that both sheets are disposed within the inner channel of the stent, which is supported by 

paragraph [0047] of the present application among other portions of the application. If Bailey is 

interpreted has disclosing two sheets as indicated by the examiner in the last sentence of the first 

paragraph of page 6 of the office action (referring to seams 29 and col. 9, lines 48-52 of Bailey), 

the two sheets are the inner graft member 11 b and the outer graft member 11 a, and the outer 

graft member 1 la is disposed on the ablumenal surface of the stent body member, i.e., not within 

the stent. Claim 27 has both sheets of biocompatible material disposed within the inner channel 

of the stent. 
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Claim 28, which depends on claim 27, has been amended to refer to the attachment of the 

valve to the stent being at attachment points consisting of points on the generally tubular 

structure, distinguishing from Bailey which has the stent attached to th.e leaflet portion via the 

reinforcement struts that are coupled to or are encased in the valve flaps in Bailey. Support for 

claim 28 as amended is in paragraph [0037], last sentence, of the present application, among 

other parts of the present and past application. 

Claim 29, which depends on claim 27, has been amended to refer to the first sheet of 

biocompatible material and second sheet of biocompatible material forming the valve being 

disposed entirely within the inner channel of the stent, distinguishing from Bailey which requires 

graft/valve material to be at least partially covering the outer surface of the stent (See Bailey at 

Col. 9, lines 5-7 of Bailey: "The outer graft member 11 a encloses at least a portion of the 

ablumenal surface of the intermediate annular section 20 of the stent body member"). Support 

for the valve/biocompatible material being disposed entirely within the stent is in Figs. 5 and 6 

and paragraph [0037] of both the present application and the parent application, among other 

portions of said applications. 

Claim 30 has been amended to state that suturing of leaflets is not required, 

distinguishing from Garrison, and to add further detail regarding the position of folds to 

distinguish from Bailey and adding "unslit" t? distinguish from Bessler (5,855,601) ("Bessler''). 

Support for the claim amendments relating to folds is included at paragraph [0047] of the present 

application and the figures referred to therein, among other portions of the application. 

Claim 31 has been amended to eliminate unnecessary wording and to conform to 

revisions to Claim 30. 
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Claim 32 has been amended to add the stent element and refer to the sheet of 

biocompatible material being disposed within the stent. Reference is also made to one or more 

folds for affixing the valve to the stent, which is supported by paragraph [0053] of the present 

application and paragraph [0052] of the parent application among other portions of said 

applications. 

Claim 33 has been amended to add further detail regarding the position of folds to 

distinguish from Bailey and Garrison. Support for the claim amendments relating to folds is 

included at Figs. 9A, 9B and 9C and paragraphs [0047] and [0053] of the present application 

among other portions of the application. 

Claims 34 has been amended to replace "comprising" with "including" after the preamble 

per current MPEP interpretation of said term and to add further detail regarding the position of 

folds. Support for the claim amendments relating to folds is included at Figs. 9A, 9B and 9C and 

paragraphs [0047] and [0053] of the present application among other portions of the application. 

Claim 35 has been amended to add further detail regarding the position of the folds. 

Support for the claim amendments relating to folds is included at Figs. 9A, 9B and 9C and 

paragraphs [004 7] and [0053] of the present application among other portions of the application. 

Claim 35 also refers to a first sheet of biocompatible material and a second sheet of 

biocompatible materials, both of which are disposed within the stent. 

Claim 36 has been amended to replace "comprising" with "including" after the preamble 

per current MPEP interpretation of said term and to state that suturing of leaflets is not required 

to distinguish from Garrison, and to state that affixation of leaflets is not required. Support for 

same is at paragraph [0024] of the present application, among other parts of the present 

application and prior application. 
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Claim 3 7 has been amended to replace "comprising" with "including" after the preamble 

per current MPEP interpretation of said term and to state that suturing of leaflets is not required 

to distinguish from Garrison, also stating that affixation of leaflets is not required and that the 

leaflets open in response to blood flow in one direction and close in response to blood flow in an 

opposite direction. Support for the opening and closing of the leaflets in response to blood flow 

is provided in paragraph [0024] of the present application and the parent application, among 

other parts of said applications. 

Claim 38 is a new claim referring to the valve having at least two or more folds forming a 

leaflet portion without slits or sutures on the leaflets and where leaflets open in response to blood 

flow in one direction and close in response to blood flow in an opposite direction. Support for 

the claim amendments relating to folds is included at Figs. 9A, 9B and 9C and paragraphs [0047] 

and [0053] of the present application among other portions of the application. 

Claim 39 is a new claim using "including" after the preamble, per current MPEP 

interpretation of said term and referring to positions of folds. Support for the claim amendments 

relating to folds is included at Figs. 9A, 9B and 9C and paragraphs [0047] and [0053] of the 

present application among other portions of the application. 

Claims 40 and 41 are new claims detailing the position of folds and also refer to the 

suturing of leaflets or affixation of leaflets not being required. Support for the claim amendments 

relating to folds is included at Figs. 9A, 9B and 9C and paragraphs [0047] and [0053] of the 

present application among other portions of the application and support for suturing or affixation 

of leaflets not being required is at paragraph [0024] of the present application among other 

portions of the application. 
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Claim 42 is a new claim a new claim using "including" after the preamble, per current 

MPEP interpretation of said term, referring to one or more folds defining unslit leaflets which 

distinguishes from Bailey, and stating that suturing of leaflets is not required, which 

distinguishes from Garrison. 

Claim 43 is a new claim detailing the position of folds. Support for the claim 

amendments relating to folds is included at Figs. 9A, 9B and 9C and paragraphs [0047] and 

[0053] of the present application among other portions of the application. 

Claim 44 is a new claim referring to the valve as "consisting essentially of' a sheet of 

biocompatible material having folds defining unslit leaflets without requiring suturing of leaflets 

and referring to the closing by means consisting of blood flow in an opposite direction, which 

distinguishes from Bailey which has valve arms/reinforcement struts biasing the leaflets closed. 

Claim 45 is a new claim referring to the valve "consisting of' a sheet of biocompatible 

material having folds defining unslit leaflets without requiring suturing of leaflets. , 

Claim 46 is a new claim using "consisting essentially of' after the preamble and referring 

to two or more folds defining unslit leaflets without requiring suturing of leaflets. 

Claim 4 7 is a new claim using "consisting of' after the preamble. 

Claim 48 is a new claim with further detail regarding the position of folds. Support for 

the claim amendments relating to folds is included at Figs. 9A, 9B and 9C and paragraphs [0047] 

and [0053] of the present application among other portions of the application. 

Claims 50-55 are multiple dependent claims. Claim 50 adds the element of affixation to 

the stent with affixation points on a single plane, which is supported by paragraph [0053] of the 

present application and paragraph [0052] of the parent application; Claim 51 adds specific types 

of synthetic biocompatible material; Claim 52 adds the element of the biocompatible material 
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being dried prior to folding and being rehydrated after folding, which further helps impart the 

leaflet structure without suturing or slits, which is supported by paragraph [0051] of the present 

application and [0050]of the parent application; Claim 53 which refers to attachment pleats, 

which is supported by paragraph [0050] of the present application; and Claim 54 which refers to 

the stent having no inward projections supporting the valve leaflets, which is supported by Fig. 5 

of both the present application and the parent application. Claim 55 refers to the biocompatible 

material being photomechanically compressed prior to folding, which affects structure by 

producing protein coagulation to make the material surface smoother, stronger more 

homogeneous and more biocompatible. Claim 55 is supported by [0049] of the present 

application. 

Additionally, independent claims 1, 27, 30, 33-40 and 42-48 have been amended to state 

that the valve is collapsible and expandable and is capable of being percutaneously and 

transluminally implantable via an endovascular procedure. Support for same is provided at 

paragraphs [0058]-[0064] of the present application among other portions of the present 

application and the prior application. 

B. Interview. 

The undersigned thanks the examiner for the telephonic interview held on June 9, 2009. 

A summary of the interview between the undersigned and the examiner held telephonically on 

June 9, 2009 is provided as Appendix A to this Response. 

C. Discussion of Office Action. 

The Applicants have noted the examiner's Section 112, 102(b), 102(e) and 103 rejections 

of the claims and respectfully request reconsideration and withdrawal of said rejections based on 

the claim amendments and remarks contained in this response as well as the Applicant's 
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previously submitted Declaration under 3 7 CFR § 1.131 and Supplemental Declaration under 3 7 

CFR § 1.131 and supporting witness affidavits enclosed with this response antedating _Bailey 

(U.S. Patent Nos. 6,652,578B2 and 6,458,153Bl). 

(i) Priority with Respect to "Unslit" Valve Leaflets. 

The Applicant respectfully requests that the examiner reconsider the position taken that 

the subject matter consisting of the valve body being unslit or uncut is new to the current 

application and was not part of the parent application. Paragraph [0023] of the specification in 

the Applicant's parent application Serial No. 10/03 7,266 notes in the last sentence as one of the 

flaws of prior tissue valves the fact that "most are constructed by cutting or suturing the tissue 

material, resulting in leaflets that do not duplicate the form and function of a real valve." The 

parent application discusses the valve material being unslit at paragraph [0027] ("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 valve leaflets ... present invention 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."). Paragraphs [0024] and [0047] of the parent application 

reiterate that "[t]he cusp or leaflet portion of the valve means is formed by folding of the 

pericardium material used to create the valve . . . The folded design provides a number of 

advantages over prior designs, including improved resistance to tearing at suture lines." 

Suturing, sometimes combined with cloth reinforcement, is often required to help prevent tearing 

when leaflets are formed by slitting. Paragraph [0049] of the parent application, which discusses 

how the valve is made, states: "The valve is formed by taking a rectangular fragment of bovine 

pericardium 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. The folding of the pericardium material to create the cusps 
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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 cusp; or leaflets, 

since they are integral to the valve rather than being attached by suturing." Figures 3A and 3B of 

the parent application also show the folding of the material, the material being unslit and without 

affixing of separate cusps or leaflets. Figure 3A clearly shows a sheet of material that has no 

slits. As shown in Figure 3A, the sheet is folded and then as shown in Figure 3B, the ends of the 

folded sheet are folded further to form the valve with cusps or leaflets resulting from the folds. 

There are only two possibilities: slit or unslit, and there is no support for slitting. If slitting was 

part of the Applicant's invention it would have had to have been disclosed to satisfy the written 

description, enablement and best mode requirements, as cutting or slitting require action to be 

taken on a structure and in fact, slitting would defeat the patentable improvements benefit of the 

Applicant's invention. 

The examiner states that it is unclear whether the leaflets have slits or cuts as the leaflets 

appear to have an arcuate shape in Fig. 1, 2 and 3B. However, Fig. 3A clearly shows folding 

without any slitting or cutting, and the description of Fig. 3A in the description of the figures 

makes clear that Fig. 3A depicts the procedure for folding the pericardium tissue starting 

material to create the replacement heart valve. Fig. 3B has the same description and clearly 

shows folding, without any cutting of slits. The arcuate shape at the end is from the joining the 

ends of the sheet after folding, to form a tubular structure, not from slitting. The arcuate shape 

depicts the resulting three leaflets coapting naturally against eachother due to the folds shown by 

the dotted lines in Figure 3B followed by the joining of the resulting edges of the material 

together to form the tubular structure. In fact, the reason why the shape is arcuate is because of 

the folds without slits. If there were slits in the material the leaflets would not coapt properly 
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when the edges of the folded material are joined to fonn the tubular structure. It is respectfully 

submitted that the interpretation that unslit leaflets are not supported_by the original application 

where there is absolutely no mention of any embodiment involving slitting, when the figures 

show unslit material and where the novel folding technique is expressly stated to be for the 

purpose of overcoming the flaws of past valves that include slit and/or sutured leaflets is an 

unreasonable interpretation. 

(ii) Declaration under 37 C.F.R. Section 1.131. 

Regarding the prior Declaration under 37 C.F.R. Section l.131 that was submitted to 

antedate the Bailey U.S. Patent No. 6,652,578 date of December 31, 1999, which is the same 

date as applicable with respect to the Bailey 6,458,153 patent, the Applicant respectfully submits 

that the prior Declaration submitted with the response dated December 15, 2008, together with 

its supporting exhibits, which included a paper model of the folded, unslit valve that was 

included as Exhibit B and a stent/valve combination model that was included as Exhibit C, both 

of which are already on file and stored at the Patent Office, as well as the sketches provided as 

Exhibit D, each dating back prior to December 31, 1999 as declared by the co-inventors under 

penalty of perjury in paragraph 4 of the Declaration, clearly show that the inventors had already 

conceived and commenced efforts to reduce to practice the folded design of the valve with unslit 

leaflets, having inner and outer folds. Additionally, enclosed as Appendix B with this response 

is a Supplemental Declaration pursuant to 3 7 CFR Section 1.131 to antedate Bailey, including 

additional evidence in the form of two supporting witness affidavits, each from a very 

experienced, knowledgeable and renown medical doctor practicing in the field of cardiology who 

witnessed the invention prior to December 31, 1999 attesting to the valve having a folded design 

with cusps or leaflets formed by folding of the valve material rather than by cutting slits in the 
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valve material. The Affidavit of Dr. Lamas further notes that the valve had a tubular form with a 

fold at one end and one or more folds disposed inwardly in relation to the valve's interior space 

to form cusps or leaflets at or near the opposite end. Under MPEP Section 715.07(1)(F), support 

for a declaration may be provided in the form of supporting statements of witnesses. The two 

witness statements provide corroborating evidence of the invention by the Applicants prior to the 

Bailey filing date. As such, the Applicant respectfully submits that the previously submitted 

Declaration either alone or in combination with the enclosed Supplemental Declaration should be 

accepted as sufficient to demonstrate that prior to December 31, 1999, the inventors had 

conceived of and commenced efforts to reduce to practice their invention comprising the folded 

unslit valve device, and Applicant respectfully requests that the Examiner withdraw the 

rejections based on Bailey. 

(iii) Section 112 First Paragraph Rejection of C1aim 35. 

Claim 35 has been amended to address the examiner's Section 112 first paragraph 

rejection. 

(iv) Section 102 {b) and/or {e) Rejections of Claims 1, 2, 7-10, 27-28, 30-34 and 36-

With respect to claims 1, 2, 7-10, 27-28, 30-34 and 36-37, rejected by examiner based on 

Bailey (U.S. 6,458,153) ("Bailey"), reconsideration and withdrawal of said rejections is 

respectfully requested and it is respectfully submitted that contrary to the examiner's 

interpretation of Bailey, as stated at lines 11-13 of page 6 of the office action and at lines 7-8 of 

page 7 of the office action, that "Bailey discloses the sheet of tissue (1 lb) having an upper border 

(top of device in fig. 4) with an outward fold (material 11 b is folded outwardly at lla; col. 9, 

lines 20-24)," there is no such outward fold. The stent 12 is between 11b and 1 la and 11b does 
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not fold over. The inner and outer graft material Ila and llb in Bailey are described as being 

two separate sections of graft material, 11 a being outside the stent and 11 b being inside the stent, 

with 11 a and 11 b being connected to each other "through the interstices of the stent body 

member" (see col. 8, lines 16-19 of Bailey). The material 1 lb is not folded outwardly at 1 la in 

Bailey, and there is no support for such a fold either in the text or the figures in Bailey. 

Additionally, with respect to the examiner's reference in the office action to Bailey disclosing 

folds at 27 and 29, it is respectfully submitted that 29 in Bailey refers to seams. not folds. See 

col. 9, lines 48-52. which states: "It is preferable to couple sections of the valve flaps 28. along a 

longitudinal seam 29. to the inner graft member 1 lb and the outer graft member 1 la at points 

equidistant from the valve anns 24 in order to impart a more cusp-like structure to the valve 

flaps." Seams are where edges abut each other-they are not folds. With respect to 27 in Bailey. 

it is described in col. 9. lines 16-20 as "a pocket or envelope 27" "formed at the eversion point of 

the inner graft member 1 lb." It is not a fold. It is at most the pocket formed by the back or inner 

side of the "eversion point" interpreted by the examiner to constitute a fold in Bailey. if the 

"everted" 11 b is considered to be a fold. Even if 27 in Bailey is interpreted as being a fold. it is a 

single fold. The Applicant's claims 27. 30. 33, 34, 35. 38, 39, 40, 42. 43, 46, 47 and 48 refer to a 

folded design having more than one fold. As such, it is respectfully submitted that the 

Applicant's claims as amended are not anticipated by Bailey. 

Bailey uses graft material which covers at least a portion of either or both of the luminal 

and ablumenal surfaces of the stent and encapsulates valve arms/reinforcing struts that bias the 

leaflets. Graft material that is capable of endothelialization is required in Bailey because the 

stent does not function merely to maintain a semi-rigid patent channel at the implantation site. 

The valve leaflets are formed by sections of the graft material that are attached to the stent body 
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member. By contrast, as discussed below, the valve leaflets in the present invention are formed 

by portions of the sheet of biocompatible material that are disposed within the inner space of the 

generally tubular structure and that portion is not attached to the stent, as per new claim 56 and 

amended claim 28. Additionally, the leaflets in the Applicant's invention are not biased with 

reinforcement struts, but instead open and, in particular, close, based on blood flow. The closing 

function in Bailey is clearly based on biasing from the struts, as the leaflets are closed under zero 

strain and are already closed during diastole, as discussed below. 

As shown in Figure 4 in Bailey, the valve arms 24 force the valve leaflets 28 to collapse 

into the center of the lumen of the stent valve 10, biasing the valve to its closed position. The 

flow regulator struts in Bailey are thus connected to or are part of the stent itself at one end, and 

are either coupled to or are encapsulated by the valve outer membrane and inner leaflet 

membrane and are responsible for both providing support to the valve leaflets and opening and 

closing of the valve leaflets. The stent's reinforcement struts are therefore an inner support to 

the valve leaflets and being encapsulated by graft material, actually form part of the leaflets. The 

stent in Bailey is not merely an outer support to maintain a semi-rigid patent channel at the 

implantation site as in the present invention, which has a stent with no inward projections 

supporting the leaflets. 

In Bailey the stent functions as the valve body and the valve arms/reinforcing struts 

extending from the stent and encapsulated by the graft material to control the opening and 

closing of the valve. The graft material inside and outside of the stent fuses together to 

encapsulate the stent and the outer material fuses to the tissue where the stented valve is 

implanted. The inner and outer graft members are coupled to each other through the stent. See 

Bailey at Column 9, lines 12-19: "the graft member 11 consists of an outer or ablumenal graft 
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member 11 a and an inner or lumenal graft member 11 b. The outer graft member 11 a encloses at 

least a portion of the ablumenal surface of the intermediate annular section of the stent body 

member, while the inner graft member 11 b is coupled, on the lumenal surface of the intermediate 

annular section of the stent body member 12, to the outer graft member 11 a through the 

interstices 14 of the stent body member." ( emphasis added). All embodiments of Bailey require 

graft member material on the outer surface of the stent, none have the complete valve entirely 

within the stent. While Bailey discloses that the graft material can be attached to the stent at its 

inner or outer surface or both, the graft material covers the inner and outer surface of the stent in 

all embodiments of Bailey. See col. 5, lines 45-47, col. 10 lines 55-58 and col. 11, lines 45-48 of 

Bailey (all haye inner and outer graft members, which part of the biocompatible material valve 

elements) (see also col. 9, lines 52-55 of Bailey 6,458,153 stating that "it should be appreciated 

that graft member 11 should cover at least a portion of the ablumenal surface of the stent body 

member ... "). 

The Applicant's invention, by contrast, does not have valve material on both sides of the 

stent to encapsulate the stent and does not have valve arms/reinforcing struts supporting the 

leaflets or biasing the leaflets to open and close. Instead, the sheet of biocompatible material 

forming the valve in the Applicant's invention is mounted within the stent and the leaflets open 

and close solely in response to directional blood flow. Claims 4 and 29 specifically refer to the 

biocompatible material being disposed entirely within the stent member, and claims 27 and 35, 

which refer to a valve made of two sheets of biocompatible material, both sheets are disposed 

within the stent. In Bailey the biocompatible material is at least partially outside the stent in all 

embodiments and if Bailey is interpr~ted as having two sheets, 11 a and 11 b, both are not 

disposed within the stent. Only one is. 
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The Applicant respectfully submits that the invention as claimed in the claims as 

amended is not anticipated or rendered obvious by Bailey. Bailey at most has one fold forming 

leaflets because it is not a folded design. It is a design using inner and outer grafts with a stent 

sandwiched between the two graft portions, one which is affixed to the inner surface of the stent 

and the other affixed to the outer surface of the stent. It is not a folded sheet of material. The 

valve material in the Applicant's invention is disposed entirely within the inner channel of the 

stent-there is no encapsulation of the stent between inner and outer graft members as in Bailey. 

By having the valve material the inner surface and outer surface of the stent, the device 

disclosed in Bailey is more complicated in design and manufacture, since the stent and the valve 

must be connected to each other during creation of the valve portion (the valve material being 

partially inside and partially outside the stent and connected through the stent), whereas the 

Applicant's device allows for the valve to be created at one point in time and be coupled to the 

stent at a later point in time, also allowing for a variety of both valve materials and stent 

materials to be used. 

With respect to claim 27, Bailey does not teach a compressible valve made from two 

sheets of biocompatible material, one sheet being folded to form a tubular structure with folded 

leaflets, and a second sheet being folded to form a tubular structure with a folded border defining 

a cuff, with the two sheets being affixed to have the leaflet layer within the outer cuff layer, with 

both sheets being disposed within the stent. As explained above, there is no border fold on the 

second border in Bailey, and if there are two sheets in Bailey, they are not both disposed within 

the stent. 
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Additionally, with respect to Applicant's amended claim 30, Bailey does not disclose a 

cuff fold at one end and a fold at an opposite end and one or more folds oriented perpendicularly 

in relation to the end folds. 

Additionally, with respect to amended claim 28 and new claim 56, Bailey includes as an 

essential element a stent/valve that has "valve arms" or "regulator struts'' that support the valve 

leaflet material and which control the opening and closing of the valve leaflets in Bailey, forcing 

separate valve flaps closed by applying a biasing force. (See Column 5, lines 61-63: "The stent 

body member is shaped to include the following stent sections: proximal and distal anchors, a 

[sic] intermediate annular section and at least one valve arm or blood flow regulator struts." 

(emphasis added)). Column 9, lines 7-10, referring to Figure 2 of Bailey, discloses a "valve 

body 26 and valve arms or flow regulator struts 24 coupled to the stent body member 12." The 

"valve arms or regulator struts are coupled or formed integral with the stent body member and 

are positioned adjacent the junction point between intermediate annular section and the proximal 

anchor flange 22 of the stent body member 12. The valve arms 24 are oriented radially inward 

toward the central longitudinal axis of stent body member 12 when in their zero strain state. 

The valve arms 24 are attached or coupled to the valve flap portions 28 of the inner graft 

member leaflets to bias the valve flap portions 28 to the closed position when under zero 

pressure differential across the stent valve 10." Bailey, Column 9 at lines 32-42 (emphasis 

added). Column 5, lines 58-60 in Bailey note that "the valve leaflets are preferably formed by 

sections of the graft material attached to the stent body member." Column 6 lines 20-39 of 

Bailey further state that the valve arms are "biased closed in a manner to that described for a 

surgically implanted replacement heart valve by Boretos, U.S. Pat No. 4,222,126." The valve 

regulator-struts are preferably configured to be positioned to radiate inward from the stent body 
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member toward the central longitudinal axis of the prosthesis . . . The struts of the stent are 

encapsulated by the outer graft membrane. The valve regulator struts are encapsulated by the 

inner leaflet membrane and serve to bias the valve to the closed position. The regulator struts 

also prevent inversion or prolapse of the otherwise unsupported leaflet membrane during 

increased supra-valvular pressure." (emphasis added). The reference made in Bailey to Boretos 

U.S. Patent No. 4,222,126 makes it further clear that in Bailey the regulator struts support the 

valve flaps and mechanically bias them. 

By contrast the Applicant's invention as claimed in amended claim 28 and claim 56 has 

the stent attached to the valve only at the generally tubular portion, not at the leaflet portion. 

Additionally, as per claim 54, the Applicant's invention has folds forming leaflets without 

inward projections from the stent supporting the valve leaflets (as per new claim 54), and as 

claimed in claims 30, 33, 38 and 48, has leaflets opening in response to directional blood flow 

rather than by mechanical biasing, opening in response to blood flow in one direction and 

closing in response to blood flow in an opposite direction. The examiner asserts that the leaflets 

in Bailey help regulate blood flow in addition to the valve arms/reinforcing struts. While the 

valve flaps may help regulate blood flow because they are present and may form part of the 

valve mechanism, that is not the same as stating that the valve flaps themselves open in response 

to blood flow in one direction and close in response to blood flow in the other direction. They 

don't. They open and close in response to biasing by the valve arms/reinforcement struts. Bailey 

states that the valve arms/reinforcing struts bias the valve flaps closed under a zero strain load­

this indicates that it is the mechanical biasing and not directional blood flow that closes the 

leaflets in Bailey. See, e.g., Bailey, col. 9, lines 31-34, col. 9, lines 36-47, and col. 11, lines 5-7. 

See also Column 10, lines 41-42 of Bailey, which state that during diastole, the valve leaflets are 
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already closed due to the reinforcement struts biasing the valve flaps closed. The negative 

pressure head of the diastole pushes against the closed leaflets. but the leaflets are already closed 

due to the biasing force of the reinforcement struts/valve arms in Bailey. 

By contrast, in the Applicant's valve the leaflets open in response to blood flow in one 

direction and close in response to blood flow in an opposite direction without biasing, support or 

reinforcement of struts extending from the stent. The Applicant's invention does not include 

"valve arms" or "regulator struts" whether as part of the stent or as part of the valve. The 

Applicant's valve with folded cusps and leaflets provides more natural functioning, less 

susceptability to tearing and allows for effective opening and closing of the valve without the 
, . 

regulator struts required in Bailey to support and bias the flaps. The folded design claimed in the 

present application does not require struts that are affixed to the valve by suturing or 

encapsulation in the valve material for valve leaflet material support or valve opening and 

closing. It is precisely such suturing or encapsulation that the Applicant's folded design is 

intended to eliminate, resulting in less susceptibility to suture failure and/or tearing of the valve 

material. The valve in Bailey does not function to control blood flow without the valve regulator 

struts. 

With respect to examiner's Section 102(b) rejection of claims 1, 2, 7, 9-10, 27, 30, 36 and 

37 based on Garrison et al. (6,425,916), Garrison requires suturing of the leaflets: multiple 

sutures are made into the leaflets and the sutures are then pulled after deployment to invert the 

valve within the patient which can result in tearing of leaflets. The Applicant's invention uses a 

folded design that does not require any suturing of leaflets, much less pulling the valve to invert 

it after deployment in a patient. Additionally, in Garrison, the 6d valve portion that the examiner 

is interpreting as folded leaflets are externally exposed, whereas the present invention has leaflets 
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disposed within the inner space of the generally tubular valve body structure. The claims as 

amended include detail regarding the position of folds not disclosed in Garrison. 

With respect to the rejection of claims 30 and 32 based on Bessler (U.S. 5,855,601), the 

claims as amended are not anticipated by Bessler. Bessler has slit leaflets and the stent is 

disposed on the inner side of the valve material, whereas the Applicant's invention has unslit 

leaflets and the stent is outside the valve material. 

In view of the enclosed claim amendments, new claims and the foregoing remarks, the 

Applicant respectfully requests withdrawal of the examiner rejections and allowance of all 

claims in the present case. Nonetheless, should the examiner have any comments, questions or 

suggestions, the examiner is respectfully requested to telephone the undersigned at the telephone 

number listed below. 

Date: September 14, 2009 

Respectfully submitted, 

GREENBERG TRAURIG, P.A. 
1221 Brickell Avenue 
Miami, Florida 33131 
Tel: (305) 579-0812 
Fax: (305) 579-0717 
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APPENDIX A 

INTERVIEW SUMMARY 

Interview held telephonically on June 9. 2009 between examiner Cheryl Miller and attorney 
Manuel Valcarcel. 

Substance oflnterview including description of the general nature of what was agreed to if 
an agreement was reached. or any other comments: 

Attorney for applicant argued that support for unslit valve material/unslit leaflets is provided in 
the parent application, including, but not limited to, in Figure 3A which depicts a sheet free of 
slits and Figure 3B which depicts folds, not slits. The arcuate shape shown in Fig. 3B was noted 
as not being the result of any slits, but rather the result of the joining the ends of the material to 
form a tubular structure which causes the material to appear arcuate. The applicants indicated 
they would respond with further explanation and references to the parent application which will 
be evaluated in more detail at that time. The examiner indicated she would consult with another 
examiner to get a second opinion. Applicant further noted that the previously submitted 
declaration clearly states in paragraph 4 and supporting exhibits that the folded unslit design for 
the valve was conceived prior to 12/31/99. A couple of prototypes were submitted as Exhibits B 
and C, which are not in the electronic file and the examiner will have to search for the 
location of the prototypes. The applicant argued that Bailey shows a valve material outside the 
stent, and that Garrison requires suturing of the valve leaflets and inversion of the leaflets when 
being implanted. Variations in claim wording such as use· of "consisting essentially of' and 
"consisting of' for elements or after the preamble were discussed. Language such as "including" 
following the preamble, and the sheet of biocompatible material or valve, "disposed entirely 
within the inner space of the stent" was discussed which the examiner indicated potentially 
could overcome the Bailey rejections. Language such as "without suturing" the leaflets was 
discussed with regards to the Garrison reference. Applicant plans to file an official response 
which will be considered in more detail at that point in time. Adding reference to unslit leaflets in 
the claims rejected based on Bessler was also discussed as potentially overcoming Bessler. The 
examiner noted that the applicant may also want to consider claiming the location of the folds, or 
the inner and outer cuff or entire sheet positioned interior of the stent. 

A-1 
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/<"\ ~~ 

SEP 14 lOO! ;) IN THE UNITED $TATES PATENT & TRADEMARK OFFICE 

\.•n,#,J'.~{ application of: ) 

Paniagua, et al. 
Serial No. 10/887,688 
Filed: 7/10/2004 

) 
) 
) 
) 
) 

Group Art Unit 3738 

Examiner: Miller, Cheryl L. 

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

DECLARATION UNDER 37 CFR 1.131 

Honorable Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 

Sir: 

The undersigned co-inventors each hereby declare as follows: 

1. I am a co-inventor of the invention claimed in the patent application identified 
above. 

2. I was directly and personally involved in the conception and reduction to practice 
· of the invention throughout the period from prior to December 31, 1999 until the filing date of 

U.S. Patent Application Serial N~. 10/037,266 on January 4, 2002, of which the present 
application is a continuation in part. 

3. Prior to December 31, 1999, _the percutaneously implantable replacement heart 
valve device and method of making same described . and claimed in the above-referenced 
application had been conceived by co-inventors David Paniagua and Francisco-Lopez Jimenez 
who were at the time cardiology fellows at Mount Sinai Medical Center in Miami Beach, 
Florida. Attached as Exhibit A is a copy of an electronic diary that was kept with respect to 
development of the invention by co-inventor Paniagua, with entries dating back to prior to 
December 31, 1999 indicating that the Applicants had by then already conceived of the 
invention. The dates for certain of the entries are blacked out but predate December 31, 1999. 

4. Prior to December 31, 1999, co-inventors Eduardo Induni and David Paniagua 
conceived of the folded desi~ of the valve means and the method of folding an unslit sheet of 
valve material to create a valve with cusps that are created by the folds without suturing separate 
}eaflets or cutting of slits to create leaflets. Enclosed as Exhibit B is a replica of one of the co­
inventors' initial paper models of the valve means created prior to December 31, 1999, showing 
a single piece folded design. . Additionally, enclosed as Exhibit C is replica of one of the co­
inventors' initial prototypes which was created prior to December 31, 1999, which includes the 
valve means with the folded design mounted in a stent. The original prototypes and related notes 
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from dating back prior to December 31, 1999 were lost when co-inventor Paniagua relocated 
from Miami to Houston and/or during Hurricane Ike. However, attached as Exhibit D are copies 
of sketches that were created prior to December 31, 1999 which show the co-inventors had 
already conceived of their folded sheet valve design, including valve· cusps and leaflets formed 
by folding rather than by slitting material or affixing separate cusps or leaflets. 

5. During the time period from prior to December 31, 1999 through January 4, 2002, 
the first prototypes and the method of making same of the invention were created and tested. As 
indicated in Exhibit A, during the time period from September 1999 through December 1999, 
anatomical studies were done with respect to porcine aortic and pulmon~ valves as well as the 
aortic arch, including measurements of valve length, cusp length, vertical diameters, attachment 
points, interaction with other cusps, interaction with the Sino tubular junction and coronary 
ostium and observation of characteristics of the opening and closing, redundancy of tissue and 
sinus of Valsalva measurements and the initial prototypes were studied and tested. Durability 
and fatigue studies were conducted with regard to the valve material and folded design during 
the months prior to December 31, 1999. A protocol fot in-vitro testing was written by Co- . 
Inventor Paniagua in the early months of 2000. The in-vitro model consisted of a plastic hose . 
tubing filled with a 30%' solution of glycerol to resemble blood viscosity, a corttinuous pump, 
pressure recording instruments and pressure generating clamps. The study indicated excellent 
opening and closing profiles of the valve with no evidence of regurgitation even at pressures of 
200mmHg. . 

6. During the time period from prior to December 31, 1999 through January 4, 2002, 
· which is the filing date of Patent Application Serial No. 10/037,266, to which the above­

referenced application is a continuation in part and claims priority, we also worked with 
diligence toward reduction to practice of the invention by preparing· a written description of the 
invention ( see copy of a· l~ter draft dated April 22, 2001, attached hereto as Exhibit E). 

7. During the time period from prior to December 31, 1999 through January 4, 2002, 
we also worked with diligence toward reduction to practice of the invention by conducting 
various tests and trials relating to preparation· of the valve starting material, formation of the 
yalve, optimal stent composition and configuration,. attachment of the valve to the stent and 
attachment of the stented valve to an artery. See the attached entries from the· electronic diary 
attached hereto as Exhibit A, which include entries relating to tests regarding preparation of the 
valve startj.ng materials and formation of the valve in October, November and December 2000 
and January, February, March, and June 2001. See also the attached entries from the electronic 
diary attached hereto as Exhibit A, which include entries pertaining to animal studies in June, 
September and November 2000 and April, 2001. 

8. In August 2001, patent counsel was engaged to conduct a patent search directed to 
the· invention and prepare and· file a patent application for same. Enclosed as Exhibit F are 
copies of a search patent request lett(;:r dated August 29, 2001 which was sent to order a patent 
search for the invention, the invention being described in the letter. Said request letter was 

· received by the patent search provider on August 30, 2001 as evidenced by the stamped 
confirmation of receipt attached to Exhibit.G. 
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9. The patent search results were received on or about mid-September, 2001 and 
were reviewed by patent counsel, as well as by the undersigned, in the weeks that fol_lowed 
(bearing in mind that during such time period there were various office closures and disruptions 
due to the September 11, 2001 terrorist attacks and their immediate aftermath). , 

10. After the patent search results, were reviewed and discussed with patent counsel, 
the patent application was prepared, reviewed, revised, figures for the application were prepared, 
and the application and figures were submitted ori January 4, 2002. Attached as Exhibit H are 
copies of correspondence from patent counsel enclosing drafts of the patent application for the 
invention dated November 27, 2001 and December 28, 2001. 

The 'Undersigned co-inventors each hereby declare that all statements made herein of his 
own knowledge are true and all statements made on information and belief are believed to be 
true; and further that these statements are made with the knowledge that willful false statem~nts 
and the like so made are punishable by fine or imprisonment, or both, under 18 U.S. C. § 1001 and 
that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 

[THIS SP ACE LEFT BLANK INTENTIONALLY] 
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~AVIDPANIAGUJ~-
S1gnature: . . . J · 

. Date: October~ 2008 . 

ACKNOWLEDGEMENT 

coUNTYoF .... ~ .......... --· __ _ 

STATEOF -WU 
) 
) 
) 

SS: 

The foregoing Declaration was signed bl'fore me this _I_I_ day of October, 2008 by 
David Paniagua. · ~e is · personally known · to me or has produced _____ as 
identification. · 

Notary: _____________ _ 
· Print Name:.it'$/6"' A!(.t'~ 

My commis_sion expires: 8'/ /t; 'tfl? 
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Date: October f D, 2008 

FRANCISCO LOPEZ-JIMENEZ 

Signature:~ 

ACKNOWLEDGEMENT 

coUNTYoF Dl('t\s¾~ 

STATEOF Mtd . 
) 
) 
) 

The foregoing Declaration was si ed before me this / ()°tf: day of October, 2008 by 
Francisco Lopez-Jimenez. He i ersonally kno to me r has produced _____ as 
identification. 

Nomry: ~~/~ ~ 
Print Name~ ~3 Litt± 

[NOTARIAL SE 
Notary Public, 

VICKI VIRGINIA YOUNT 

Mycommissionexpires: ~$/, ;:;010 
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Date: October 11_, 2008 

COUNTY OF ,~Q.(' ( I .S 

STATEOF ~y.p .. 6 

R. DAVID FISH 

Signature~ 

ACKNOWLEDGEMENT 

) 
) 
) 

SS: 

The foregoing Declaration was signed ·before me this/ '?}-l. day of October, 2008 by R 
David Fish. He is personally known to me or has produced _____ as identification. 

~=:;~J2~ ~~~~E:;~ 13-0 g, 
. \ 

MIA 180,228,061v1 

My commission expires: ci, 27 - I 'D 

MN«R.JONES 
. NOTAIW PUIUC 

STA1£Clf1EXAI 
WCOMM. EXP. 8-27-10 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 

In re the application of: 

Paniagua, et al. 
Serial No. 10/887 ,688 
Filed: 7/10/2004 

) 
) 
) 
) 
) 
) 

Group Art Unit 3738 

Examiner: Miller, Cheryl L. 

/ 

£~ . Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same 
~"- . "',(I 

St.~ \ 4 11\1\lj 

"-..... lift~ 
SUPPLEMENT AL DECLARATION UNDER 37 CFR 1.131 

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

Sir: 

The undersigned co-inventors each hereby declare as follows: 

1. I am a co-inventor of the invention claimed in the patent application identified 

above. 

2. This Supplemental Declaration supplements the prior Declaration Under 37 CFR 

1.131 and the supporting evidence submitted as Exhibits A-H thereto filed on December 15, 

2008 in the above-referenced application, a copy of which is attached hereto as Appendix A (the 

"Prior Declaration"), providing additional supporting evidence with respect to conception of the 

invention claimed in the above-identified patent application prior to December 31, 1999. 

3. The events referenced herein and in the Prior Declaration took place in the United 

States, or a NAFTA country other than the United States or a WTO member country other than a 
. -

NAFTA country. 

4. Prior to December 31, 1999, the undersigned co-inventors conceived the 

invention claime_d in the above-referenced application, more particularly, an unslit sheet of 

biocompatible material with folds to create a valve with unslit cusps or leaflets formed by folds 
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without suturing separate leaflets or cutting of slits to create leaflets. Prior to December 31, 

1999, co-inventor David Paniagua created a paper model of the valve using an unslit sheet of 

paper with opposite edges joined to form a tubular valve structure with a fold at one end or 

border and one or more additional folds disposed inwardly in relation to the interior space of the 

tubular valve structure to form unslit cusps or leaflets at or near the opposite end without 

suturing of separate leaflets or cutting of slits to create leaflets. The valve model was mounted 

entirely within a stent. Attached as Exhibit I and Exhibit J, respectively, are the witness 

Affidavits of Dr. Gervasio A. Lamas, M.D. and Dr. Paolo Angelini, M.D. submitted as evidence 

supporting the occurrence of the above-described events prior to December 31, 1999. 

5. The replica of a paper model of the valve that was submitted as Exhibit B to the 

Prior Declaration and the replica of a prototype of the valve mounted within a stent that was 

submitted as Exhibit C to the Prior Declaration, the originals of both of which were created prior 

to December 31, 1999, each further evidence conception of the valve comprising a folded unslit 

sheet of material forming a generally tubular structure with a fold at one end and one or more 

additional folds disposed within and inwardly in relation to the interior space of the tubular valve 

structure to form cusps or leaflets at or near the opposite end, with folds defining unslit cusps or 

leaflets without cutting or slitting of the material to create leaflets and without suturing of 

leaflets. 

The undersigned co-inventors each hereby declare that all statements made herein of his 

own knowledge are true and all statements made on information and belief are believed to be 

true; and further that these statements are made with the knowledge that willful false statements 

and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001 and 

that such willful false statements may jeopardize the validity of the application or any patent 

issued thereon. 

[THE REMAINDER OF THIS PAGE IS LEFT BLANK INTENTIONALLY. 

SIGNATURE PAGE FOLLOWS.] 
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7 
Date: September __, 2009 

~AVIDPANIAGU~' 

Signature: 0ft 

EDUARDO INDUNI 

Date: September_, 2009 Signature.,_: __________ _ 

CARLOS MEJIA 

Date: September l, 2009 Signature: 

FRANCISCO LOPEZ-JIMENEZ 

Date: September__, 2009 Signature~: __________ _ 

R. DAVID FISH 

Date: September__, 2009 Signature.:...: __________ _ 
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ij~~~~u~m~GV.~t 

iSi~t\lr~.~•;~:-'--~---,-__,...-..,.._ __ 

$ignafure,:;-,,:· _·...,· ..,.,.,_ __ ,.....,.. ___ _ 
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DAVID PANIAGUA 

Date: September _, 2009 Signature.:...: __________ _ 

EDUARDO INDUNI 

Date: September _, 2009 Signature.:....: __________ _ 

CARLOS MEJIA 

Date: September _, 2009 Signature: ________ _ 

JIMENEZ 

Date: September 1 , 2009 

R. DAVID FISH 

Date: September_, 2009 Signature.:....: __________ _ 
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DAVID PANIAGUA 

Date: September_, 2009 Signature.:_: __________ _ 

EDUARDO INDUNI 

Date: September_, 2009 Signature.._:-----------

CARLOS MEJIA 

Date: September_, 2009 Signature:. ________ _ 

FRANCISCO LOPEZ-JIMENEZ 

Date: September_, 2009 Signature.,_: __________ _ 

R. DAVID FISH 

Date: September 7, 2009 Signature.,_: _]!Z+---"'Tf}lh..,.:.....c.._._.;__ ___ _ 
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FROM: (Pl.EASE PRJNTJ 

r 
PHONE(305 1 579-0812 

Manuel R. Valcarcel, Esq. 
d~ienberg Traurig, P.A. 
1221 Brickell Avenue, 18th Floor 
Miam-1,., Florida 33131 

51458.010100 - 10/887,688 
• ... ... • • ~ ,,. • • I I • 

Customer Copy 
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{r. 

CARLOS MEJIA 

Signature:0-;;_;(c.,' 4.;,.._ ,;9. 

Date: October /(I • 2008 

ACKNOWLEDGEMENT 

COUNTYOF~/4----~_~__.......~---

STATE OF ..... 1e=-~,.._,Y£..,._ ...... :.S ___ _ 

) 
) 
) 

SS: 

The foregoing Declaration was signed before me. this ~ day of October, 2008 by 
Carlos Mejia. He is personally known to me or has producede4(P ~.41. as identification. 

. ' ~..ss.i 

Notacy: ~ [NOTARIAL~ ROSIEHIDALGO 
.PrintName: /4~.t.2#4?7 NotaryPublic, ~ ~COMMISSIONEXPIRES 

AuGUST 18, 2009 

My commission expires: -g-,/<!f--o/ 

. ·_~:•:-~- ~ :· •. :.~ ·: · .. : 

''.i;b;ii!~}li;li:,ii{;?, ·jp;;.,,,, 

·\ {--: 

i ;,jr~,t 
.:; . ~.- :·~::-~::fa::,·i~/: 

d 0 ·I ._,, 1· · r-~ -i,, : c:: .... .po.· ,;.;,: 

~0~'.;ljl!i 
;:· :•1··"· of;f·li,Ji~J 

::~:~~ <.··~i:i}'.J~;f \ft 
tt~lflli?f~ 
¾ • ~: ,•' '\1f)j",..,.:.. l !,,~ 

.,,;-:./· .. ', ~<.;:r,ttil~/ 
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EDUARDOINDUNI ~ 
SignaDHe:. <2-~ 

bate: October /fL, 2008 

ACKNOWLEDGEMENT 

COUNTY OF ~::fo ·· 

STATE OF fr;{ /l d; 

) 
) 
) . 

SS: 

The foregoing Declaration was signed before me this /;e# day of October, 2008 by 
Eduardo Induni. He is personally known to me or has produced Td!FdfJ4ec...;t as 
identification. tP rCP~r;?~c. ,:;z. 

Notary;~ 
Print Nam~ s-=/Ll,#1-/4@ 

[NOTARIAL SEAL] ®i!. ROSIE ~IDALGI? 
\ . Notary Public, j:1 MY CQ,AMJ~ EXPIRES 

. ••,~ AUGUST 18. 2009 --· 
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St Lizy Project: A new percutaneous device to decrease 
Valvular insufficiency 

Q 

David Paniagua and Francisco Lopez-Jimenez (cardiology fellows at 
that time) discussed the need to develop a percutaneous valve. This discussion took place 
in the cardiology fellow's room at Mount Sinai Medical Center in Miami Beach Florida. 

After this initial discussion a careful and extensive literature search was started. 
All articles in the field were reviewed as well as all infonnation regarding patents filed. 

The candidate stents that we thought of using in our project were: balloon 
expandable and self-expandable stents. The balloon expandable stents have been used in 
the past in two animal experiments reported in the literature .. One of them was in 
Denmark and the other in New York. No other study has been reported after these two 
original reports. No one has implanted a percutaneous valve in a human being. We 
believe that the main limitation of the balloon eir,~dable stents is its bulky design. 

Among the self-expandable stents, we decided ti·~start using in the first phase the 
Wallstent and we were planning to use the Smart stent in the second phase. These self­
expandable stents has never been used for percutaneous implantation of a valve. 

~i'ii..~~~~~~~~16Jt'i!ll-}.~~~;,,ii;~~-\iti~~· f:!~~~t?A~~s4'~~-~~lj~J;W~,~-
Boston, MA) that has been used in human since 1987. The main advantage of this stent is 
its protruding metal wires suitable for fixation in the arterial wall. The main limitation is 
that the length of the stent changes significant from the collapsed state to the expanded 
state. · 

1111111IMI@@ __ _ 
the particularity that the stent changes form with temperature. The Smart stent expands 
when it is in contact with body temperature. The main advantages on the other hand that 
its length in the collapse and expanded stat~ is quite similar. 

The valves that we thought of placing in the stent: porcine pulmonary valve, 
. porcine aortic valve, a new special valve made of.bovine pericardium or a valve made of 

smart materials. 

David Fish suggested the utility of using Smart materials in the development of the valve. 

Exhibit A 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 521 of 1441



September to December 1999 
Anatomical studies in animals 
David Paniagua and his wife Elizabeth while in Houston, Texas studie.d more than 100 
porcine aortic and pulmonary valves as well as the aortic arch. Carefull measurement of 
the valve length, cusp length, vertical diameters, attachment points, interaction with the 
other cusp·s1, interaction with the Sino tubular junction, coronary ostium. Characteristics 
--ng and closing, redundancy of the tissue, sinus ofValsalva measurements 

On a trip to V_ienna, _A~ttia;. F~an~is~C?,.Lop~z-!~~~11ez .~1 David f ai:iiagua _di~~u~s~Jl all 
the research synthesis. The pros and cons of different options were discussed and firie.lly 
'll strategy to develop'otrtliifuw percutaneous valve took place .. 

Porcine pulmonary valve 
The main advantage of this valve is the thickness of the arterial wall is 

significantly less than the aortic wall. 

Limitations Still bulky 

Porcine aortic valve 

Limitations Still bulky and the ostium dfbot.h coronaries . 

Bovine pericardium 
We designed a new model of valve with special features to be suitable to use in 

the stent. 

The bovine pericardium 

Design 

_The.horizontal length of the stent is equal to diameter x 7t. 
The vertical length suffer a lot of modifications in the last 18 months 
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The process of management of the pericardium 
The pericardium is membrane that surrounds the heart and isolates it from the rest 

of the chest wall structures. 
The pericardium is a thin and very slippery, what makes it difficult for suturing in 

a millimetric" precise way that is required for the valve that we were planning to develop. 

m:alk'.es it poasiMe to handle the way we needed. 

Dry process 
tl -~•~ ... :.:.Siu.ce-.tb,e pericardium is such a slippery material we started looking the way to 

Hydrating process 

Once the valve was done we hydrated the valve back again by placing it in a 
solution of water and 70% alcohol. In approximately 3 days the valve hydrate back 
again. 

Converting the pericardium into a valve 
David Paniagua and Eduardo lnduni (a cardiovascular surgeon) discussed the 

best way to suture a flat pericardium and converted into a complete valve. 
Many designs were made in paper until we developed a working model in that 

resembles the human valve. 

See diagrams 

Types of sutures 
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Sutures planes 

Francisco Lopez-Jimenez introduced the trapezoid modification 
We tested the trapezoid modification but it did not work. It introduces too much 
redundant tissue. 

Attachment of the valve to the stent · 
3-point fixation on border of the stent 

6-point fixation at each border of the stent 

Fixation on both borders 18 points at each end following a single plane 
36 fixation points following to adjacent vertical planes. 

Fixation.without any fold in the border resulted in tears, sowe made a fold that resolved 
the problem. 

Attachment of the valve to the aorta 
R David Fish suggested the possibility of attaching the mother stent to the subclavian 
artery using a daughter stent deployed first in the subclavian artery and attached to. the 
mother stent that will be deployed in the descending aorta. · 

Hooks to the arterial wall Like the Ancure 

Double stents 

Acute Doppler studies in vitro 

· Francisco Lopez-Jimenez and.David Paniagua performed the first Doppler studies 
in an in-vitro model. 

The model consisted of a plastic hose tubing filled with a 30% solution of 
glycerol to resemble the blood viscosity, a continuous pump, pressure recording 
instruments and pressure generating clamps. 

In this acute in vitro study we document excellent opening and closing profile of 
the valve. There was no evidence ofregurgitation e.ven at pressures of 200 mmHg. 
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See video 

October 5th to 11th 2000 

We studied different ways to fix the pericardium. 

1- Piece of pericardium-- dried with light in our standard procedure then placed in 
glutaraldehyde for 36 hours and hydrate back in alcohol 70%. It looses resistant and 
it breaks easily. · 

2- Natural pericardium that was in alcohol solution for 2 months at least and we fix it 
with gluteraldehyde for 36 hours and then place in the alcohol solution with excellent 
results in terms of tissue resistance. We were not able to break it. 

3 We fix a piece of diaphragm after drying it with light and then gluteraldehyde and we 
obtained the same result than with th~ pericardium .. The tissue resistance significant 
decreased and we were able to tear the tissue. 

Delivery device . 

Cb.ronic studies in vitro 

On Sep 17 2001, we created a chronic model to test the valve. The model 
consisted of a PllPlP attached to an 18 mm tubing system that is also attached to a 3 liters 
container that is placed 180 ems above the pump. 

. The stented valve was placed at the bottom of a 180 cm water column to mimic 
the diastolic pre~sure. 

Histological studies 
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Preservation of the pericardium several month in ETOH 

Glutaraldehido . 

~"b-~ill~~· ;:-..;'d....J~ ~~_.,!';.,_...~_$ i -•~~~..;;.J-.~';_~,._,...1,,~;,;. .. t,; _ _,__..~.,_,l ~ ~ • •ff•~~ .!.!,1,n.Z2&)t..:.i...!!::~~:,C;l; - ~L~J:1~.,'N,,:;::,.a.\:~ 

.. • -- ~ - ~ _ _,,,,_ -'I , .... ...,. "'~- -· ~ - - "~~ ... -. ,., 

E-mails 

F b 

Materials 

Calf 
The device Delivery system 
Cook needle Wires 
Pigtails Dilators 11 F, 14F, 16F, 18F, 20F 
Contrast media 
Balloons PT A of the aorta. 

Heparin Plavix for the animal 

· Surgical equipment 

Echo Doppler 

Injector X ray tech . 
Person in charge of anesthesia, monitoring 
Circul;iting person Endotracheal tube 
IV connections angiocaths 

Ventilators Lamps 

KYIBLLY 

1 1 1 

IV fluids 
4 liter of IV fluids 

ET TUBE 
ANTIBIOTICS 
HEPARIN 
XYLOCAINE 
BETADINE 

KETAMINE 
EMERGENCY DRUGS 

· PROPOFOL XYLAZINE 
INJECTION T SPRAY 
ALCOHOL 

t 
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STERILE TOWELS T DRAPES 
STERILE SURQICAL TRAY 
RECTAL TEMP PROBE 
STERILE BOWL FOR SALINE 
NS SALINE D5RL 
COLLOID 
SYRINGES-DIFFERENT SIZES 
NEEDLES-DIFFERENT SIZES. 
!U;AtING P Ab . ' ··- . 
N CATLETERS, TOURNIGUETS 
VASCULAR CLAMPS 
SUCTION CATLETERS 
scrssofts. . 
SECADORA PELO 

·,·.: · _, 

Carlos Mejia and David Paniagua meet to discuss and design the next experiment. 

We reviewed the previous information in video tapes, all films were discussed 
with emphasis in how we can decrease the size of the valve to try to identify the optimal 
Dimension of the valves. 

We are going to try a valve 10mm deep and the circumference of the valve is 
going to be 71 mm for a 24mm diameter stent. The width of each pocket is going to be 
22rrim 

We did the valve il'l a rubber model with 10 mm deep and it was competent, for 
this reason we decided to try it in the pericardium. 

The change in dimension of the valve with hydration after it is place in alcohol is 
unpredictable at the present time. 

We are going to make two valves· 

1- Following our previous method of drying the valve with light and sewing to the stent 
wl'!.en it its dried and then hydrating it with alcohol. Same design than previously, 
with folds. . 

2- A valve with pericardium fixed with gluteraldehyde. No folds in the upper part. 
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December 2 2000 

Eduardo Induni, Carlos Mejia, David Paniagua review all the data collected so far in all 
the previous experiments and plan a strategy. 
We found out that the material needs to be fix with gluteraldehyde before we implant the 
device. We study different concentrations of gluteraldehyde to fix the valve. 

Finally we conclude that we the best is to fix the valve with 0. 7% gluteraldehyde and 
keep it in this solution until the time to use it. At this moment we need to put the valve in 
nounal saline before we implant it 

January 2001 
. . 
We designed a new valve with modification of its length. The pericardium was fixed 

'l-tvith gluterai:efeh,ae at 0.7% and later we did the valve and kept it in the same solution 
until the time to implant it. 
During the creation of the valve constant hydration was maintain with frequent 
immersion of the p~ricardium in gluteraldehyde. 

Imm 
border 

28mm 
14mm 

21mm 21 mm 

1 mm at each end to suture the valve. 

February 2001 

21 mm 

David Fish, Eduardo Induni and David Paniagua review the new stent-pericardium..:valve 
c!,lld discussed the design improvement and decided to implant it in a new animal 
experiment. 

RI -T 112 
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The valve required 7-0 prolene, 24-inch long 10 packs 
3 to suture the valve and 7 to attach the valve to the stent. 

The valve was attached to a 24 mm maximal diameter Wallstent. 

We eliminate the folds at each end of the valve. 

The valve was fixed in its superior border using two fixation planes with 18 fixation 
points at each plane. 

0 Fixation points 

18 fixation points at each plane 

There are two rows of fixation point at the upper or proximal end of the stent and one row 
of fixation point at the lower or distal end of the stent. 

Each fixation point was knotted 5 times in the upper plane and 7 k.tiots in the lower plane. 

The fixation of the inferior border of the valve to the stent was done with a single plane 
with 18 fixation points. Each fixation point was knotted 7 times using prolene 7-0. 

The vertical fixation of the valve to the stent was done along the suture line of each cusp 
of the valve. We used 3 fixation ·points at each vertical suture line. Each fixation point 
was knotted 7 times. 1 

The vertical fixation was mildly loose to allow easy collapsibility of the valve. 

The approximate time to suture and attach the valve was 10 hours. 
'llr: . . .. '.,· 

· The·stent-valve i$ maintained in 0.7% gfui{i\Idehyde solution. 
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March 24, 2001 

We plan to place the valv_e in a chronic in vitro model to evaluate its chronic function. · 

We will perform collapsibility test of the valve. 

'J'.he ·delivery system that we plan to use is the AneuRx deployment device. 

April 21, 2001 

We did an animal experiment in Costa Rica, see description in animal studies. 

June 9, 2001 

Carlos Mejia and David Paniagua i_n Miami got together to discuss about the evolution of 
the valve. 

We were discussing how to reduce the dimension to the optimal size of the valve and 
prevent valvular folds. 

The last valve length was 65 mm after fixation, but if you pull it to its maximum length it 
grows 10 mm more up to 75 mm. Carlos decreased the length of the valve to 55 mm and 
57 mm. We were concerned about the elastic recoil of the pericardium once implanted in 
the valve, because if it is not tense the pericardium makes folds, we want to achieve the 
optimal length that does not produce folds and that it is not so tight that causes so much 
elastic. recoil that does not allow the stent to expand. 

We had the idea of fixing the valve in the closing position using tiny metallic clips to 
keep the cusps close to each other. 

We tried the aortic valvuloplastyballoon to test ifit can be used to expand the distal end 
of the stented valve in the case this extreme·does not open. 

We tried the consistency of different-suture materials: Ticro 4-0, braided nylon and 
prolene. We discussed pros and cons ofmonofilament versus braided suture material. 
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June 12, 2001 

At Carlos Mejia•s' house we evaluated the design of the valve. 

The new valve design includes the creation of a curve in each cusp of the valve 

The other modification that we are doing in the handling process is to fix the pericardium 
in gluteraldehyde and transfer it to a solution of alcohol while making the valve and 
attaching it to the stent. 

We changed the attachment position of the valve to be closer to the proximal and wider 
part of the Walstent, based on the previous experience during the animal study Alba. 

We discussed the use of a pericardium piece fix in glutaraldehyde in a flat glass and the 
possibility of doing the valve with the natural pericardium and then fixing it with 
gluteraldehyde after mounting it in the stent. 

One observation that we noted is that the material becomes whiter and apparently 
increases its elasticity 

We obtained 1 mm vascular clips to keep the cusps coapted while fixing them in 
gluteraldehyde. 

June 13 2001 

We evaluated the results of the use of metallic clips to keep both cusps adjacent to each 
other after 24 hours of fixation in gluteraldehyde. The results were very satisfactory to 
educate the material and make the primary position of the valve cusps adjacent to each 
other. After we removed the clips, there were no lesions to the valve. After doing this 
test, we use the metallic clips to keep both cusps together and immersed it in 
gluteraldehyde for 24 hours. · 

We evaluated different suture material that included praline 6-0 and Madtjlene 6- 0 
which is a braided suture. 
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We make more fixing fluid using gluteraldehyde 25% in a concentration of 3ml per 97 ml 
of fluid. 

The pericardium of the first valve was in gluteraldehyde for 6 months approximately, 
then we put it in alcohol 60 during 2 to 3 days and after making the valve and placing i_n 
the_ transport fluid which consist of 60% alcohol. 

-June 16 2001 

We were ready to perform another animal experiment in Costa Rica, but unfortunately all 
our equipment of dilator and the temporary delivery system was lost. · 

We developed a temporary delivery system that consisted of a central catheter big enough 
to let a 0.38 wire pass through its lumen, a cover sheath made of plastic material with a 
sliding device that allows to expose th~ stented valve. · · 

Dr Eduardo Induni and David Paniagua discussed different ways to improve the 
collapsibility of the valve 
The new observation was that the fixation points at the proximal part should be placed at 
the midpoint of the rhomboid structure to allow some mobili of the valve when we. 

The other observation is that two planes of fixation point at the distal attachment of the 
· valve to the stent causes a lot of tension to the valve when we are collapsing it. 

One plane of fixation points will probably be enough to prevent systolic collapsed of the 
proximal edge of the valve · 

Proximal fixation 
points / expanded 

Proximal fixation 
points sliding down 
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when stent collapses 
0 0 0 0 0 

0 Fixation points 

18 fixation points at each plane 

June 29, 2001 

We discussed again the fixation points of the valve to the stent in such a· way that they 
allow mobility of the stent over the valve without exerting too much tension. We believe 
this will allow better profile to the valve. 

We also discussed the different suture materials and call Eduardo Induni and we make the 
decision that a braided suture is better than a monofilament, for this reason we are going 
to use mersilene which is a polyester braided suture. 

. 2 -
---

September 8· 

Carlos Mejia and David Paniagua designed the in. vitro model to test chronically the valve 
and list all the required material 

September 22 

The valve is mounted in the chronic testing model 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 533 of 1441



EXHIBITB 

Previously Submitted 

/ 
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EXHIBITC 

Please see the attached container labeled Exhibit C 

Previously Submitted 
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United States.Patent 

Paniagua, Induni, Mejia, Lopez, Fish, April 22, 2001 

PERCUTANEOUS VALVE REPLACEMENT 

Abstract 

The invention relates to a new technique and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-heart surgery. · 

The valve replacement system jncludes the following components: 

(1) A system for removing a damaged heart valve 
(2) a delivery system of the prosthetic valve device 
(3) a prosthetic valve device · 
(4) an implantation technique 

Inventors: 

David Paniagua 
Eduardo Induni 
Carlos Mejia 
Francisco Lopez 
R David Fish 
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Claims 

What is claimed is: 

1- An endovasculat system for delivering a heart valve. 
2- An artificially percutaneous heart valve 
3- An implantation technique 

1. An endovascular system for delivering a replacement heart valve through an aortic 
passageway to or near to the location from which the natural heart valve has been 
removed, comprising: 

The horizontal length or the pericardiwn piece is equal to the desired diameter x TC. 
The vertical length suffer a lot of modifications in the last 18 months 
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DESCRIPTION 

FIELD OF THE INVENTION 

This invention relates to devices and methods for percutaneous endovascular replacement 
of heart valves. 

BACKGROUND 

When a heart valve is malfunctioning in such a degree that interferes with normal cardiac 
function it may be necessary to replace it. Currently this requires a surgical procedure 
that involves open-heart surgery requiring general anesthesia, full cardiopulmonary 
bypass with complete cessation of cardiopulmonary activity. Usually after the surgical 
procedure seven to ten days of hospitaliz.atfon and months of recuperation time are 
required. This valve replacement surgery is not free of complication and it is associated 
with a mortality rate in the best hands and circumstances of about five to six percent. 

Endovascular procedures for valve replacement provide an alternative to open heart 
surgery and this is the goal of our new invention. 

Previous endovascular treatments of disease heart-valves have focus in opening stenotic 
lesions in the mitral and aortic valve using specially designs balloons to dilate or split 
commissures in diseased aortic or mitral valves with commissural fusion and to crack 
calcific plaques in calcified stenotic aortic valves. 

The success for the mitral valve has been rewarding but the aortic valve results have been 
discouraging This method provides only p.artial and temporary relief for a patient with a 
stenotic aortic valve and this method cannot be used to treat valves with leakage. 
Moreover, aortic valvuloplasty in a few cases may induce severe aortic leakage that is not . · 
compatible with life. 

The method that we describe is to use a per~utaneously endovascular valve replacement. 
supplantation. In thi,s procedure, a delivery system is used to insert a biological or 
mechanical valve in the lumen of a central blood vessel via entry th.rough. the brachial or 
femoral artery. Vascular access is obtained using a needle or exposing the artery 
surgically and a guide wire is placed through the entry vessel and h is advanced to the 
desired placed under fluoroscopically guidance. Dilators are advanced over the wire to 
increase the lumen of the entry site preparing the artery to receive the delivery system of 
our heart-valve. The heart-valve is then advanced to the desired place and.deployed under 
X-ray guidance. · · 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
. open heart surgical procedures, would require only local anesthesia, partial or no 
cardiac bypass, one to two days hospitalization, and should have a reduced mortality rate 
as compared to open heart procedures. 
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RELEVANT LITERATURE 

U.S. Pat. No. 3,671,979 to Moulopoulos, issued Jun. 27, 1972, describes a 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. 

U.S. Pat. No. 4,056,854 to Boretos, issued Nov. 8, 1977, describes a 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 lie 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 design,ed to be positioned against the artery wall during forwarq 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. · 

SUMMARY OF THE INVENTION 

The invention relates to a new technique and a special type of device that allows 
percutaneous heart-valve replacement without the need for open-h~ surgery. 

The valve replacement system includes the following components: 

1- A delivery system of the prosthetic valve device. 
2- A prosthetic valve device. 
3-: An implantation technique 
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DESCRIPTION OF THE DRAWINGS 

FIG. l Delivery system of the self-expanded stented valve. 

FIG. 2 Initial deployment of the self-expan~ed stented valve. 

FIG. 3 illustrates a bottom view of stented valve. 

FIG. 4 illustrates a top view of the stented valve. 

FIG. 5 illustrates a tissue laser wire used to cut the commisures of stenotic valve. 

FIG. 6 illustrates a diagram of the relationships, dimensions and folds used to create the 
valve. 

FIG. 7 illustrates a side view of a valve introducer. 

FIG. 9 illustrates a side view of the attachment point of the valve to the stent. 

FIG. 10 illustrates a top view showing the attachment points of the cusp of the valve. 

FIG. 11 illustrates an aortic valve in the side position. 

FIG. 12 illustrates an aortic valve from the top view. 

FIG. 13 is a side cross-sectional view of the valve mounted in the self-expanded stent. 

FIG. 14 illustrates a front view of the valve mounted in the stent in the open position. 

FIG. 15A is a close-up side cross-sectional view of the mounting stent and FIG. 15B in 
the closed position. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention relates to the supplantation or replacement of a cardiac valve in a 
host through percutaneous endovascular ineans. 

The valve replacement system includes 
(1) a delivery device 
(2) a prosthetic valve device 
(3) an implantation tecllnique. · 

GENERAL DESCRIPTION OF THE PROCEDURE 

The Femoral artery is canulated using a Cook needle and a standard J wire is advance 
into the artery either perutaneously 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 withdraw 
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 superstifl) is advanced into the aortic arch and 
dilators progressively larger are advance over the wire, starting with 12 Fall 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 
advance ove~ the wire and repeat aortogram is performed to assess the competency of the 
valve. 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prostetic stented valve is deployed b.elow the subclavian artery. 
When the device is. used to treat aortic stenosis, first the stenotic valve needs to be opened 
using either aortic valyuloplasty or the new laser wire cutters and iftlµs procedure 
induces aortic insufficiency the stented valve is placed to prevent the regurgitation . 

. . 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 549 of 1441



Once the endovascular implar;itation 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 
exami11.atio11, periodic echocardiography or angiography can be perfonned. fo 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. 

All publications and patent applications are herein incorporated by reference to the same 
extent as if each. individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 

The invention now being fully described, it will be apparent to one of ordinary skill in the 
art that many changes and modifications can be made thereto without departing from the 
spirit or scope of the appended claims. 
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Manuel R. Valcarcel 
305•579-0812 

valcarcclm@gtlaw.com 

o~ff~~f~o 
ATTORNEYS 4T L4W 

l~~ij~I~ 

ATTORNEY-CLIENT PRIVILEGED 
CONFIDENTIAL INFORMATION 

August 29, 2001 
VIA FACSIMILE (703} 413.,.4150 
AND FED EX 

Mr. Mark Miller 
Just Files 
2001 Jefferson Davis Highway 
Suite 506 
Arlington, VA 22202 

Re: Novelty Search for Percutaneous heart valve replacement device and method 
Our Reference No. 51458~010100 

Dear Mr. Miller: 

Please conduct a novelty search for the above-identified invention which is described 
,below. 

A. Replacement Heart Valve Device. The replacement heart valve device comprises 
a stent made of stainless steeVor self-expanding nitinol, a completely newly designed biological 
valve disposed within the inner space of the stent, and a delivery system having a central part 
which consists.of a hollow tube that allows a metallic wire to be advanced inside it. The stented 
valve is collapsed over this central metallic tubing 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 endovasculai: stented-valve is ~ glutaraldehyde fixed bovine pericardium which has 
two or three cusps that open distally to permit unidirectional blood flow. Bioprostetic valves are 
presently a mainstay in aortic valve replacement and they are preferable in patients who cannot 
tolerate long-term anticoagulant therapy or are otherwise potentially noncompliant with a long 
term medical regimen. 

In making of the valve initially, the bovine pericardium material is isolated and all the fat 
tissue and extra fibers are removed. Once the pericardium is completely dean, it is placed in a 

l;REIINBERC TRAURlC, P.A. 
1221 BRICKELL AVENUE MIAMI, FLORIDA 33131 

305-579•050(/ FAX S0S-579-0717 .www.gtlaw.com 

MIAldl NEW YORK WASBINCTON, D.C. ATLANTA PHILADELf':HIA TYSONS CORNER CHICAGO BOSTON PHOENIX WILMINCTON Los ANCELES DI 

s.~o PAUl,O FORT LAUDERDAl,E Bor.A RATON WEST PALM BRACR 0Rl.4Nnn Tu., ......... .. 
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Mr. Mark Miller 
Just Files 
August29,2001 
Page 2 

oolution of gluteraldehyde at a concentration of 0.07% during 36 hours, then the pericardium is 
uansferred to a solution of ethanol at 60% before making the valve. 

The valve is formed by taking a rectangular fragment of bovine pericardium and folding 
it in such a way that forms a three-leaflet valve. 

The endovascular valve can also be fresh, cryopreserved. or glutaraldehyde fixed 
allografts or xenografts or synthetic non-biological, non-thrombogenic material. 

B. Implantation Method. 

The method for implanting said replacement heart valve device through an aortic 
passageway to, or near to, the location from which the natural heart valve ·has been removed 
comprises the following steps: 

inserting the replacement heart valve device in the lumen of a central blood vessel via 
entry through the brachia! or femoral artery using a needle or exposing the artery surgically; 
placing a guide wire 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 
reteive the heart-valve; and advancing the heart-valve to the desired place. 

This new technique of percutaneous endovascular heart-valve replacement, in contrast to 
open heart. surgical procedures, would require only local anesthesia, partial or no cardiac bypass, 
one to two days hospitalization, ·and should have a reduced mortality rate as compared to open 
heart procedures. 

When the device is used to treat severe leakage of the aortic valve, the native valve is left 
in placed and the prosthetic stented valve is deployed below the subclavian artery. When the· 
device is used to treat aortic · stenosis, first the stenotic valve is opened using either aortic 
valvuloplasty or laser wire cutters and if this procedure induces aortic insufficiency the stented 
valve is placed to prevent the regurgitation. 

The stented-valve is released by pulling the cover sheatq. of the delivery system allowing 
tm self-expanding stent to achieve its full expansion. At this point, a pigtail catheter is advanced 
over he wire ·and an aortogram is performed to assess the competency of the valve. 

Once the endovascular implantation of the prosthetic valve device is completed in the 
hast, 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 
eodovascular procedure. The prosthetic valve device can be used in any patient where 
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Mr. Mark Miller 
Just Files 
August 29, 2001 
Page 3· 

bioprosthetic valves are indicated, namely elderly patients with cardiac valve diseases, and 
patients unable to tolerate open heart procedures or life-long anticoagulation. 

Please do not hesitate to contact me at 305-579-0812 if you have any questions or rieed 
additional information to complete the search. Please let me know beforehand if the search will 
cost more than $400.00. · 

Sincerely, 

GREENBERG TRAURIG, P.A. 

½ rv1J2u-CJ 
Ma(mel R. V_alcarcel, Esq. 

MRV/ps 
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Manuel R. Valcarcel 
(305)579-0812 

a~ff~~f~o 
ATTORNEYS AT LAW 

1 ~~~-~I u 

November 27. 200 I 

ATTORNEY-CLIENT PRIVILEGED. 
CONFIDENTIAL COMMUNICATION 

VIA HAND DELIVERY 

David Paniagua, M.D. 
1865- 79th Street Causeway 
Apartment 7-H 
Miami Beach, Florida 33141 

Re: Draft of patent application specification for percutaneously implantable heart 
valve replacement device and method of making same 

· Dear Dr. Paniagua:· 

Enclosed for your review and revision as appropriate is the draft of the nonprovisional 
patent application specification for your above-referenced invention. Please review the draft at 
your earliest convenience (please also review the draft with the other co-inventors) and provide 
your comments, revisions and additional text. Please aote the descriptions of the figures in the 
draft and if you have drawings or clear digital photographs that provide the views described in 
the description of the drawings, please provide them. The photographs provided previously are 
not clear enough for use in the application. If you do not have such photographs, please let me 
know if you can provide an actual sample of the device so that a draftsman can prepare the 
figures. 

Best regards, 

GREENBERG TRAURIG, P.A. 

41• 0 \)J_~ ~•A·,. ;J 
Ma¢uel R. Valcarcel, Esq. 

MRV/ps 
Enclosures 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLICATION 

SPECIFICATION 

BE ·IT KNOWN THAT WE, David Paniagua, Eduardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, each citizens of the United States of America, have invented 

a new and useful percutaneously implantable replacement heart valve and method of 

making same, of which ·the following is the Specification. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is in the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

5 method of making same. 

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 descliption of heart valves and heart function follows to provide relevant 

1 O background for the present invention. 

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 

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

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 tb the lungs, where it 

20 again becomes re-oxygenated to begin the circuit anew. 

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 0 leaflets" that are 

designed simply to open and close in response to differential pressures on either side of the 

valve's leaflets. the mltral valve has two leaflets and the trlcuspid valve has three. The aortic 

25 and pulmonary valves are referred to as "semilunar valves" because of the unique appearance 
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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. 

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 diseased or damaged valve have been 

5 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 leafle~s 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. 

10 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 

ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens, 

15 allowing_ the oxygenated blood to be ejected 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. 

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 

20 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 fhe aorta. When the left 

ventricle relaxes, the aortic valve cusps reapprox.imate to prevent the blood which has entered 

the aorta from leaking (regurgitating) back into the left ventricle. The pulmonary valve cusps 

25 respond passively in the same manner in response to relaxation and contraction of the right 

vent_ricle in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for 

3 
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re-oxygenation. · Neither of these semilunar valves has associated chordae tendinea~ or 

papillary muscles. 

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 

· 5 · 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.e., the systemic circulation side) of 

10 the heart, embolization may occur, resulting in sudden loss of the blood supply to the affected 

body organ and immediate malfunction of that ornan. 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, 

15 bacterial or fungal vegetations on the tricuspid valve may embolize to the· rungs resulting in a 

lung abscess and therefore, may require replacement of the tricuspid valve even though n~· 

tricuspid valve stenosis or insufficiency is present. 

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 

20 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 

25 and without having to repeat the procedure within a matter of years due to the fack of durability 

of the replacement heart valve. It would be especially advantageous if a defective heart valve 

4 
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could be removed via an endovascular proc~dure, 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 perctl.aneously and transluminally using the vascular system to convey appropriate devices 

to the position in the body wherein it is desired to carry o_ut the desired procedure. An example 

5 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 balloon is expanded to create an opening in the blockage, and then the balloon is 

deflated i!lld the catheter and balloon are removed from the vessel. 

Emtovascular procedures have substantial benefits both from the standpoint of health 

10 and safety as well as cost. Such procedures require minimal invasion of the human bo_dy, and 

there is coosequently considerable reduction and in some instances even elimination, of the use 

of a general anesthesia and much shorter hospital stays. 

Replacement heart valves can be categorized as either artificial mechanical valves, 

transplanted valves and tissue valves. Replacement heart valves are designed to optimize 

15 hemodynamic performance, thrombogenicity and durability. Another factor taken into 

consideration is the relative ease of surgical implantation. 

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 

20 blood clolli:tg can further complicate the patient's health due to increased risks for 

hemorrhages. 

Tramsplanted valves are natural valves taken from cadavers. These valves are typically 

removed amt frozen in liquid nitrogen, and are stored fo(later use. They are typically fixed in 

glutaraldehy.de to eliminate antigenicity and are sutured in place, typically with a stent. 

5 
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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. 

Most tissue valves are constructed by sewing the leaflets of pig aortic valves to. a stent to 

5 hold the leaflets in proper position, or by constructing valve leaflets from the pericardia! sac of 

cows or pigs and sewing them to a stent. The porcine or bovine tissue is chemically treated to 

alleviate any antigenicity. The pericardium is a membrane that surrounds the heart and isolates 

it from .the rest of the chest wall stn.1ctures. The pericardium is a thin and very slippery, which 

makes it difficult for suturing in a millimetricly precise way. The method of making the 

1 O replacement heart valve of the present invention solves this problem through a process to dry 

the pericardium in such a way that makes it possible to handle and fold more easily. 

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 pericardi~I tissue strand is sutured directly to a papillary 

15 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 pos.itioned 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 · 

20 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 v~lve. 

A different approach to c::reating ~rtificial tissue valves is described in U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! tissue is cut into a carefully define·d geometric shape, treated with glutaraldehyde, 

25 then clamped in a sandwich-fashion between two stent components. This creates a tri-leaflet 

6 
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valve that resembles an aortic or pulmonary valve, having semilunar-type cusps rather than 

atrioventricular-type leaflets. 

U.S. Patent No. 3,671,979 to Moulopoulos describes an endovascular1y inserted conical 

shaped umbrella-Hke valve positioned and held in place by an elongated mounting catheter at a 

5 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. 

U.S. Patent No. 4,056,854 to Boretos describes an endovascularly inserted, catheter 

mounted, supra-annular valv«=: in which the circular frame abuts the wall of the artery arid 

1 a attached flaps of flexible membrane extend distally in the vasculature. The flaps lie 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 

15 embolic formation expected from a valve at mid-center position. 

The main advantage of tissue valves is that they do hot 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 va!ves have a significant failure rate, usually within ten 

20 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. 

A shortcoming of prior artificial tissue valves has been the inability to effectively simulate 

25 the exact anatomy of a native_ heart valve. Although transplanted human or: porcine aortic 

valves have the gross appearance of native aortic valves, the fixation process (freezing with. 

7 
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liquid nitrogen, and chemical treatment, respectively) alters the histologic characteristics of the 

valve tissue. Porcine and bovine pericardia! 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. 

5 · 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. 

SUMMARY OF THE INVENTION 

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 

1 O 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 used to create the valve. 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 

15 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. 

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 

20 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 bovine 

pericardium whl_ch has two or three cusps that open distally to permit unidirectional blood flow. 

The present Invention also comprises a method of making a replacement heart valve 

25 device. In order to make the valve, the bovine pericardium material is Isolated and all the fat 

tissue and extra. fibers are removed. Once the pericardium Is completely clean. it is placed In a 

8 
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solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36'hours, then 

the pericardium. is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is formed by taking a rectangular fragment of bovine pericardium and' folding it 

5 in· such a way that forms a three-leaflet valve. The valve can also be made frorn 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 resem~les the natural form and function 

of the valve leaflets. The valve is rehydrated after being formed. The method of the present 

1 O invention 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. 

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 us~d 

to .monitor valve replacements done by open hf;')art surgery. Routine physical examination, 

15 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 fife.long 

20 anticoagulation medication and treatment. The. present invention can be practiced in 

applications with respect to each of the heart's valves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective vie~ of the replacement heart valve of the present 

invention in one embodiment without the stent. 
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Fig. 2 depicts the folds which form the leaflets or cusps of the replacement heart valve of 

the present invention in one embodiment. 

Fig. 3 depicts the _procedure for folding the pericardium tissue starting material to create 

the replacement heart valve of the present invention. 

5 Fig. 4 depicts a side perspective view of the replacement heart valve of the present 

invention in one embodiment mounted within a stent. 

Fig. 5 depicts a cross-sectional view of one embodiment of the replacement heart valve 

of the present invention mounted within a self-expanding stent, with the stent in the expanded 

position. 

10 Fig. 6 depicts a side perspective view of one embodiment of the replacement heart valve 

of the present invention mounted within a self-expanding stent in the collapsed position. 

Fig. 7 depicts the suture points of one embodiment of the replacement heart valve of the 

present invention. 

Fig. 8 depicts· the implantation/delivery system used with the present invention in a 

15 . preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention comprises a percutaneously 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 pe>sition and an 

20 expanded position. A preferred embodiment of the replacement heart valve according to the 

present invention is set forth in FIGS. 1 and 2. The replacement heart valve comprises a stent 

member_ and a flexible valve means _. The stent member is self-expanding and has a first 

cylindrical shape in \,its compressed or collapsed configuration and a second,. larger cylindrical 

shape in its expanded configuration. The valve means comprises a generally tubular center 

25 portion and, preferably, a peripheral upstanding cusp or leaflet portion. The valve means is 
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disposed within the cylindrical stent member with the tubular portion transverse of and at some 

acute angle relative to the stent walls. The diameter of the tubular portion is substantially the 

same as the inside diameter of the stent member in its initial expanded configuration. Th.e 

peripheral upstanding cusp or leaflet portion is disposed substantially parallel to the walls of the 

5 stent member similar to a cuff on a shirt. The center portion _ of the valve means _ is 

generally tubular in shape and comprises three leaflets _ as shown, although it is understood 

that there could be from two to four leaflets. The tubular portion of the valve means is attached 

to the stent member_ by a plurality of sutures_. 

The leaflet portion of the valve means _ extends across or transverse of the cylindrical 

10 stenl The leaflets _ are the .actual valve and allow for one-way flow of blood. The leaflet 

portioo as connected to the rest of the valve resembles the cuff of a shirt. The configuration of 

the stent member, _ 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, 

15 the sell-expanding stent member _ will cause the artificial heart valve to take its expanded 

configwation, as seen in FIG. _. 

Stent Member 

The stent member_ comprises self-expanding nickel-titanium alloy, also called "nitinol," 

in a sine wave-like configuration as shown in FIG. 1. An enlar-ged view of a preferred 

20 embodiment of the stent member for use in the replacement heart valve of the invention is 

depicted in FIG. 5. The stent member_ includes a length of wire _ formed in a closed zigzag 

configuration. The wi·re can be a single piece, stamped or extruded, or it could be formed by 

welding lhe free ends together as at _. The straight sections _ of the stent are joined by 

bends _. The stent is readily compressible to a small cylindrical shape and resiliently self-

25 expandable to the shape shown in FIG. 5. 

11 
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The stent. members of the artificial heart valves 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 biocom·patible materials. 

The configuration may be the zigzag configuration shown or a sine wave configuration, mesh 

5 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 should be from about [0.010 to 0.035] inches, preferably 

from about (0.012 to 0.025] inches. The diameter of the stent member will be from about [1.5 to 
I 

3.5 cm], preferably from about [1. 75 to 3.00 cmJ, and the length of the stent member will be from 

1 O about [1.0 to 1 O cm], preferably from about [1.1 to 5 cm.J 

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 fanned into a tubular structure 

15 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 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel through the diseased cardiac valve. following its 

implantation. 

· 20 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 

25 sheath, they instantaneously reassume their predetermined shapes, thus allowing them to 

function as designed. 
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Preferably the stent member carries a plurality of barbs extending outwardly from the 

outside surface of the stent member for fixing the heart valve 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 

5 downstream direction. It is especially preferable that the barbs on the inflow side 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 sten·t 

member will readily collapse and expand as pressure is applied and released, respectively. 

10 Valve Means 

The valve means is flexible, compressible, host-compatible, and non-thrombogenic. The 

valve can be, for example, fresh, cryopreserved or gluta·raldehyde fixed allografts or xenografts. 

Synthetic biocompatible materials such as polytetrafluoroethylene, polyester and the like may 

be used. The preferred material for the valve means is bovine pericardium tissue. The valve 

15 means is disposed within the cylindrical stent member with the tubular portion transverse of and 

at . some acute angle relative to the stent walls. The diameter of the tubular portion is 

substantially the same as the inside diameter of the stent member in its initial expanded 

configuration. The peripheral upstanding cusp or leaflet portion is disposed substantially parallel 

to the walls· of the stent member similar to a cuff on a shirt. 

· 20 The cusp or leaflet portion of the valve means is formed by folding of the pericardium 

material used to create the v~lve. 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 rneans contains the same number of cusps as the native valve being 

replaced, in substantially the same size and configu~ation. 

13 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 571 of 1441



Method of Making Replacement Heart Valve Device 

The present invention also comprises a method of making a replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

. tissue and extra fibers are removed. Once the pericardium is completely clean, it is placed in a 

5 solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 
,I 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about . 

60%i before making the valve. The valve is formed by taking a rectangular fra~ment of ~ovine 

pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

va_lve. FIG. 2 depicts the folds which form the cusps or leaflets, and FIG. 3 depicts the folding 

1 O . procedure. 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. 

In order to make the pericardium material less slippery and easier to fold, the 

15 pericardium is dried, preferably with artificial light using a 60-watt lamp with the pericardium 

material placed in a flat aluminum surface to dry it homogeneously. _A photo drying machine 

can also be used. The final result is a homogeneous 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 

20 is fully rehydrated. 

Attachment of the Valve Means to the Stent Member 

The valve means is then attac_hed to the inner channel of the stent member by suturing 

the outer surface of the valve means' pericardium material to the stent member. Fig. 7 depicts 

preferred suture points of one en:ibodiment of the ·present _invention: 3-point fixation or 6-point 

25 fixation a! each border of th~ stent. Other fixation schemes can be utilized, such as, by way of 
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non-limiting example, fixation on· both borders 18 points at each 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 

5 preferably closer to the proximal and wider part of the stent. 

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 

gluteraldehyde 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 

1 O coapted while fixing them in gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials can be used, including, in a preferred embodiment, prolene 6-

15 0 and Mersilene 6-0 which is a braided suture. 

Implantation of Replacement Heart Valve Device 

The replacement heart valve device of the present invention is preferably used in 

surgical procedures involving the perc~aneous and transluminal removal of the diseased or 

defective heart valve and the percutaneous and transluminal implantation of the new heart valve 

20 • described above. The defective heart valve is removed by a suitable modality, such as, for 

example, laser, ultrasound, mechanical, or other su.itable forms of ~slivery 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 percutaneously and transluminally using standard 

25 vascula·r or angiography techniques. The distal end of the guldewire is manipulated to extend 
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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 

5 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 ca_theter 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 int<? the coronary sirius via a 

1 O 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 proced.ure. Once the cutting tool is in place, the balloon is inflated 

15 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 

20 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. 

The delivery and implantation system of the replacement artificial heart valve of the 

25 present· invention percutaneously and transluminally includes a flexible catheter which may be 

inserted into a vessel of the patient and moved within that vessel. The distal end of the catheter, 
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which is hollow and carries the replacement heart valve 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 disposed within the catheter lumen and extending from the 

proximal end of the catheter to the hollow section at the distal end of the catheter. Once the 

5 distal end of the catheter is positioned as desired, the pusher mechanism is activated and the 

distal portion of the replacement heart valve is pushed out of the catheter and the stent member 

partially expands. In this position the stent member is restrained so that it doesn't pop out and is 

held for controlled release, with the potential that the replacement heart valve can_ be recovered 

if there is a problem with the positioning. The catheter is them retracted slightly and the 

1 O replacement heart valve is completely pushed out of the catheter a_nd released from the catheter 

to allow the stent member to fully expand. If the stent member 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 will ~et the 

other circle of barbs in adjacent tissue and securely fix the replacement heart valve in place 

15 -when the valve is released from the catheter. 

Alternatively, or in combination with the above, the replacement heart valve 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 

20 removed. Referring to Fig. 8, the implantation system comprises a flexible hollow tube catheter 
' . . 

with a metallic guide wire disposed within it. The stented valve is collapsed over the tube and is 

covered by a moveable sheath. The moveable sheath maintains the stented valve in the 

collapsed position. comprises the following steps: inserting the replacement heart valve device 

in the lumen of a central blood vessel via entry through the brachia! or femoral artery usi_ng a 

25 needl_e or exposing the artery surgically; placing a guide wire through the entry vessel and 

advancing it to the desired position; advancing dilators over the wire to Increase the lumen of 
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the entry site, thereby preparing the artery to receive the heart-valve; and advancing the heart­

valve to the -desired place. 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 an aortogram is performed to assess the 

5 competency of the valve. 

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. 

10 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 percutaneously or after surgical exposure of the artery. 

An 8 F introducer is advanced into the fem oral artery over the wire. The J wire is· then 

withdrawn and anticoagulation is started using heparin 60 U/Kg intravenously. Once vascular 

15 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 fs released 

20. by pulling tlie cover sheath of the delivery system allowing the self-expanding stent to achieve 

its full expansion. At thjs point, a pigtail catheter is advanced over the wire and repeat 

aortogram i~ performed to assess the competency of the valve. 

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 

2$ device. is used to treat aortic stenosis, first the _stenotic valve needs to be opened using either 
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aortic valvuloplasty or cutting and if this procedure induces aortic insufficiency the stented valve 

is placed to prevent the regurgitation. 

lntravascular ul_trasound or an angioscope passed intravascularly via either the venous 

system through the intra-atrial septum across the mitral valve and into the left ventr:icle or 

5 retrograde via the femoral artery would provide the added benefit of allowing constant high 

definition imaging of the entire procedure _and high flow irrigation. 

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, 

10 . periodic echocardiography or angiography can be performed. In contrast to open heart surgery, 

however, the_ host requires a short recovery peri_od and can return home within one day of the 

. endovascutar 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 

15 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 ben1;ficial in certain clinical situations for either short or long term use. 

20 · This method of percutaneous 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. 

While the present invention has been shown and described herein in what is considered 

25 to be a preferred embodiment thereof, illustrating the results and advantages over the prior art 

obtained through the pre$ent invention, the invention is not limited to the specific embodiments 
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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 

Having thus described the invention, what is claimed is: 

1. A percutaneously implantable replacement heart valve device comprising a self-

expanding stent member and an artificial valve means made of biocompatible tissue material 

5 and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed . by folding of said 

biocompatible tissue material. 

2. The percutaneously implantable replacement heart valve of claim 1, wherein said 

stent member is made of a metal or alloy of metals selected from the group consisting of nickel-

10 titanium alloy, titanium, stainless steel (add others]. 

15 

3. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises bovine pericardium tissue. 

4. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of s_aid valve means comprises porcine pericardium tissue. 

5. The percutaneously implantable replacement heart valve of claim 1, wherein said 

biocompatible tissue material of said valve means comprises ~utologous tissue ~btained from 

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

6. · A method of making a percutaneously . implantable replacement heart valve 

comprising the following steps: 

obtaining a substantially rectangular segment of biocompatible tissue material; 

soaking said biocompatible tissue material in a gluteraldehyde solutio·n; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatible tissue material; 

21 
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folding said dried biocompatible tissue material to create cusps or leaflets and. a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 
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ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart. valve device comprises a stent 

member made of stainless steel or self-expanding nitinol, a biological tissue artificial valve 

5 means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that allows a 

metallic wire guide to be advanced inside it. The endovascular stented-valve is a 

. glutaraldehyde fixed bovine pericardium which has two or three cusps that open distally to 

permit unidirectional blood flow. The present invention also comprises a novel method of 

1 O making a replacement heart valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way that forms a two- or three-leaflet/cusp 

valve with the leaflets/cusps formed by folding, thereby eliminating the extent of suturing 

required, providing improved.durability and function. 

\\MIA-SRV01\VALCARCELM\1341939v01\11/27/01 
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Docket No. 51458.010100 

TO WHOM IT MAY CONCERN: 

NON-PROVISIONAL PATENT 
APPLICATION . 

SPECIFICATION. 

BE IT KNOWN THAT WE, Dayid Paniagua, ~duardo lnduni, Carlos Mejia, Francisco 

Lopez and R. David Fish, each Gitizens ef the United States of America, have 

invented a new and useful percutaneously implantable replacement heart valve deyice 

and method of makin_g same, of which the following is the Specification. 
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BACKGROUND· OF THE INVENTION 

1. field of the Invention 

The present invention is In the field of heart valve replacement. More specifically, the 

present invention is directed to a percutaneously implantable replacement heart valve and 

method of making same. 

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. 

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. brood 

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

body. On the right (pulmonary) side of the heart are: .1) the tricuspld 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 th.a 

lungs, where it again becomes re~oxygenated fo begin the circuit anew . 

..... 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 move.able "leaflets" 

. that are designed simply to open and ·clos·e in response to differential pressures on either side 

of the valve's leaflets. The mltral valve has two leaflets and. the tricuspld valve has three. The 
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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. 

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 diseased 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. 

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 expandir:ig ve.ntricular cavity. Once 

the left venbicular cavity has filled, the left ventricle contracts, causing a rapid rise in the left 

ventricular cavitary pressure. This causes the mitral valve to close while the aortic valve opens, 

allowing the oxygenated blood to be ejected 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. 

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 
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,resp<l1CI passively in the same manner In response to relaxation and contraction of the right 

ventrile in moving de-oxygenated blood into the pulmonary artery and thence to the lungs for 

re-oxnenation. Neither of these semilunar valves has associated chordae tendineae. or 

papillaiy muscles. 

Problems that can develop with heart valves consist of stenosls, in which a valve does 

not opm properly, and/or insufficiency, also called regurgitation, in which a valve does not close 

p~opet. In addition to stenos is and in~uffidency of heart valves, heiait va{i/es hiay 'neli!tt lb. 813' 

surgicily 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 
I 

(vegetlon) on the leaflets of the _valve that may embolize and lodge downs'tream in a vital 

. artery. If such vegetations are on the valves of the left side (i.e., the systemic circulation side) 

of the lleart, embolization may occur, resulting in sudden loss of the blood supply to the 

affected body organ and immediate malfunction of that organ. The organ most commonly 

affectedby such embolization is the brain, in which case the patient suffers a stroke. Thus, 

surgical replacement of either the niitral or aortic valve (left-sided heart valves) may be 

necessay 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 remlting In a lung abscess and therefore, may require replacement of the tricuspid valve 

even thmgh no tricuspid valve stenosis or insufficiency Is present 

lliese 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 

currentlyseveral options available, and the choice of a particular type of artificial valve depends. 

on factoessuch as the location of the valve, the age· and other specifics of the patient, and the 

surgeon'sexperiences and preferences. Currently ln the United States over 100,000 ·defective 

heart vale are replaced annually, at an approximate cost of $30-50,000 per procedure, and 
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thus it would be desirable if heart valves could be replaced using minimally invasive techniques 

and without having to rep.eat 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 percutaneously and transluminally using the vascular system to convey appropriate devices 

to the position in 1he bodiwhereln it is desfrect to carry out tlie 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 balloon is expanded to create an opening i.n the blockage, and then the balloon is 

deflated and the catheter and balloon are removed from the vessel. 

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. 

Replacement heart valves can be categorized as eit~er artificial mechanical valves, 

trans_planted val_ves and tissue valves. Replacement heart valves are designed ta optimize 

hemodynamic performance, thrombogenicity and durability. Another factor taken into 

consideration is the relative ease of surgical implantation. 

Mechani,cal 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. Antlcoagulants taken to help against 

blood clotting can further complicate the patient's health due to increased ris~s for 

hemorrhages. 
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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. 

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 patientfor which the valve 

will be constructed. 

Most tissue valves· are constructed by sewing the ·1eaflets of pig aortic valves to a stent 

-to hold the leaflets in proper position, or by constructing valve leaflets from the pericardia! sac, 

of cows or pigs and sewing them to a stent. The porcine or bovine tissue Is chemically 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 to dry 

. the pericardium in such a way that makes it possible ·to handle and fold more easily. 

For example, one prior replacement heart valve requires each sculpted leaflet to be 

trimmed In a way that forms an extended flap, whic:::h becomes a relatively narrow strand of 

tissue near its tip. The tip of each pericardia( tissue strand is sutured directly to a papillary 

muse!~, 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 

paplllary 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 commlssure 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. 
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A different approach to creating artificial tissue valves is described In U.S. Patent Nos. 

5,163,955 to Calvin, et al. and 5,571,174 and 5,653,749 to Love. Using a cutting die, the 

pericardia! 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 

atriovenfricular-type leaflets. 

U.S. Patent 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 malflDlctioning aortic valve and the umbrella's distal ends open up against .the aorta wall 

with reverse blood flow, thereby preventing regurgitation. 

U.S. Patent No. 4,056,854 to Boretos describes an endovascular1y 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 lie against the 

artery waD 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 

embollc fonnation expected from a valve at mid-center position. 

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 thes·e failures is believed to be· the chemical 

!reatment of the animal tissue that,prevents It from being antigenic to the p~tlent. In addition, 
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the presence of extensive suturing prevents the artificial tissue valve from being anatomically 

accurate In comparison to a normal t:J1;3art valve, even in the aortic valve position. 

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 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 pericardia! valves not only require ctiemical 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. 

SUMMARY OF THE INVENTION 

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 dispos.ed within the inner space of the stent. The cusp or leaflet portion of the 

valve means is fonned by folding of the pericardium material used to create the valve .. Other 

forms 0t tissue and suitable sygthetic materials can also be used toe the valve, formed Jn 

a sheet of starting materJat. Ib@ folded design provides a number of advantages over 

prior designs. (ncludlng improved rnslstance to tearing at suture Jines. 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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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 bovine 

pericardium which has two or three cusps that open distally to per~lt unidirectional blood flow._ 

The stent.can either be seff;.expandlag or the stent can he eimandabfe through use of a 

hallnon catheter. 

The present Invention also comprises a method of making a replacement heart valve 

device. In order to make the valve; the bovine pericardium material is· isolated and all the fat 

tissue arid extra fibers are removed. Once the pericardium is completely clean, it is placed In a 

solution of gluteraldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The material is dried in order to make it easier to handle and 

fold. The valve is fanned by taking a rectangular fragment of bovine pericardium and folding it 

In such a way that fonns 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 valve is rehydrated after being fonned. The · 

method of the present invention also greatly red~ces the ris~ of tearing of the. S!Afl..PS or leaflets, 

since they are lntegral"to the valve rather than being attached by suturing. 

Once the endovascular Implantation of the prosthetic valve device Is completed in the 

host, the function of the prosthetic valve device can be mo~ltored by the salJle methods as 
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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 ret~m home within one day 

of the endovascular procedure. The replacement heart valve device of the present invention 

can be used in any patient where bioprosthetlc 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a side perspective view of the replacement -heart valve device of the 

present invention in one embodiment~ the st&Rtvalve in the closed pasjtlon_ 

Fig. 2 depicts the folds which fom, the leaflets or cusps of the replacement· heart valve 

of the present invention in one embo_dim~nt. 

Hg,fi.QL 3 ElepistsA and 3B depict the procedure for folding the pericardium tissue 

starting material to create the replacement heart yalye pf the present invention.,' 

· Fig. 4 depicts a side perspective view ot the replacement heart valve device of the 

present invention in one embodiment represented as If Implanted wltbf o an artery_ 

Fig. 4.§. depicts a side porspeati~e view of one embodiment of the replacement heart 
. ' 

valve device of the present invention m-ooe embedimeRt.mounted within a self.expanding 

stent. with the stent in the expanded position_ 

Fig. i.§ depicts a. Gress seGtlonalslde perspe.ctlye view of. one embodiment of the 

replacement heart valve device of the present invention mounted within a self •expanding stentr · 

•,•.iltl:i the stent In the e*pandeElcollapsed position. 
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~ depicts -a -&kle peFSpectlve ~ -Gf-GM embodimeAt 4-the replasemeAt 

heaf!t -vawe --ef -tRe preseRt in11entlon mownted within -a self expanding &t&At -m -the -

oollapsed position. 

~.f.uL, 7 depiotsdepfcts the suture points of one embodiment of the replacement . . . 

heart valve deyice of the present Invention. 

Fig. 8 depicts the implantation/delivery system used with the present invention in a 

preferred embodiment. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention comprises a percutaneously implantable replacement heart valve 

and a mE:_thod 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 f.JGS,Elil. 4-amt~ The replacement heart valve 

device comprises a stent member :::::1W2 and a flexible valve means -·~ The stent 

member..1W2 is preferably self-expanding although balloon-expandable stents can be used 

as weiL and has a first cylindrical shape in its compressed or collapsed configuration and a 

seconp, larger cylindrical shape in its expanded configuration. +heReferring to EIG, 1. the 

valve means..2,Wl comprises a generally tubular Genter portlon..2.1.Q and, preferably, a peripheral 

upstanding cusp or leaflet portion-.~ The valve means~ is disposed within the cylindrical 

stent member .1Q1twith the tubular portion "-'Ltransverse of and at some acute angle relative to 

the stent walls. The diameter of the tubular portion ~Is substantially the same as the inside 

diameter of the stent member in Its initial expanded configuration. The peripheral upstanding 

cusp or leaflet portion .2,2jLis disposed substantially parallel to the walls of the stent member 

similar to a cuff on a shirt. The eentercusp or teaffet portion ==22,Q of the valve means =1M 
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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 ,2WLJs attached to the stent member ===1.Q,Q' by a plurality of sutures ~oo. as 

depicted In flG. L 

The leaflet portion ~of the valve means ~ extends across or transverse of the 

cylindrical stent .. J.WL, The leaflets 221, 222 and 223 are the actual valve and allow for one-

way flow of blood. The leaflet portion ~as connected to the rest of the valve resembles the 

cuff of a shirt. The configuration of the stent member =1Q.Q. 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 configurationwithout b&ing rest~ained. 
.. ' ~ .~ 

Once the restraint is removed, the self-expanding stent member =.1Wl will cause the artificial 

heart valve to take its expanded configuration, as seen in FIG. -'-'~ 

Stent Member 

The stent member 100 preferably comprises a.self-expanding •nickel-titanium alloy_ 

~. also called "nitinol," in a sine wave-like configuration as shown in FIG. 4,..5,. An enlarged 

view of a preferred embodiment of the stent member for 
1
use in the replacement heart valve of. 

the invention Is depicted in FIG._ 5. The stent member ==19.Q. includes a length of wire :=.tUl 

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-as-at,-:._.. The straight sections --of 

the stent member 100 are.Joined by bends-::::, The stent ls readily compressible to a small 

cylindrical shape as depicted in f(GS. 6 and ~- and resiliently self-expandable to the shape 

shown in FIG. 5. 

The stent memtaersmember 100 of the artificial heart >.«alt.«esyalye device of the 

present invention may be made from varl0.l.!S metal alloys, titanium, titanium alloy, nitlnol, 
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stainless steel, or other resilient, flexible non-toxic, non-thrombogenlc, physlologically 

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 bia 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 

shouldJ§. oopreferably from about {0.010 to 0.035} Inches and still, preferably from about 

{0.012 to 0.025J inches. The.diameter of the s~ent member will be from about {1.5 to 3.5 cmJ, 

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.J 

The sterit used in a preferred embodiment of the present invention is fabricated from a 

0 shap~d memory" alloy, nitinol, which is composed of nickel and titanium. Nitin_ol 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 tut:iular structure 

with a minimum central diameter of 20 min to make the stent. Away from its central portion, the 

tubular structure flares ma,tedly at both ends in a trumpet-like configuration. The maximum 

diameter of the flared ends of the stent is approximately 30 mm. The purpose of the stent is to 

maintain a semi-rigid patent channel -·through the diseased cardiac valve following its 

implantation. 

When the components of the replacement heart valve device ·are exposed to cold 

t~!11peratures,· they become very flexible and supple, allowing them to be compressed down and 

pass easily through the pelivery sheath. A cold temperature Is mafntained within the sheath 

during delivery to the deployment site by constantly Infusing the shecath with an iced sallne 

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. 
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Preferably the stent member .1W:Lcanies a plurality of barbs extending outwardly. from 

the outside surface of the stent member for fixing the heart valve deyjce in a desired position. 

More preferably the barbs are disposed In two spaced-apart, circular ~nfigurations 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 or:i. the inflow side 

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, physfologlcally 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 

The valve means.zag is flexible, compressible, host-compatible, and hon-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 and the like may be used. The preferred material for the 

valve means W,..is bovine pericardium tissue. The valve means .2,WLis disposed within the 

cylindrical stent member 1Wl,with the tubular portion 2.:.1JLtransverse of arid at some acute angle 

relative to the stent walls. The diameter of the tuoulai- ·portion tuL,is substantially the ·same as 

the Inside diameter.of the stent member .1Wl,ln its initial expanded configuration. Th~ peripheral 

upstanding cusp or leaflet portion ~s disposed substantially parallel to the walls of the stent 

member.J.rul similar to a cuff on a shirt. 

The cusp or leaflet portion ,U,g_of the valve means..29,Q is formed by folding of the 

pericardium material used to .creat.e the valve. f!GS. 3A and 38 depict the way the sheet of 

heart valve starting material Is folded. The cusps/leaflets 221. ·222 and 223 open in 
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response to blood flow in one direction and close In response to blood flow In the opposite 

direction. Preferably the tub1:1larcusp or leaflet portion ~of the valve means~ contains 

the same number of cusps as the native valve being replaced, In substantially the same size 

and configuration. 

Method of Making Replacement Heart Valve-Device 

The present invention also comprises a method of making a . replacement heart valve 

device. In order to make the valve, the bovine pericardium material is isolated and all the fat 

tissue arid extra fibers are removed. Once the pericardium is e9mpletely clean, it Is placed in a 

solutlon of gluter~ldehyde, preferably at a concentration of about 0.07% during 36 hours, then 

the pericardium Is transferred to a solution of ethanol, preferably at a concentration of about 

60% before making the valve. The valve is formed by taking a rectangular fragment of bovine· 

. pericardium and folding it in such a way that forms a three-leaflet or desired number of leaflet 

valve;.--FIGr-2- depiGts--the..fekl6 •Nhioh..f.erm-the ousps -E>f leaflets, and ~ as shown in 

FIGS, 3A and 3. depiGts ttw folding pracedure.!;l. The folding of the pericardium material tp 

create the cusps or leaflets reduces the exten.t of suturing otherwise required, and re·sembles 

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. 

In order to make the pericardium material less. slippery and easier to fold, the 

pericardium Is dried, preferably with artificial light usin_g a 60-:Watt lamp with the pericardium 

material placed in a flat aluminum isurface to dry It. homogeneously. A photo drying machine 

can also be used. The final result Is a homogeneous _tissue that looks llke 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 approx/mately 3 days th~ valve 

is fully rehydrated. 
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Attachment of the Valve Means to the Stent Member 

The valve means 2,Wlis then attached to the inner channel of the stent member jjlg_by 

suturing the outer surface of the valve means' pericardium material to the stent member. 

fl§f!G.. 7 depicts preferred suture points of one embodiment of _the present invention: 3-point 

fixation or 6-point fixation at each 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 each 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 ofthe stent. 

The seque~ce of steps can . vary. The pericardium materfal can be fixed In 

glutaraldehyde before attachment to the stent or the valve ca·n be formed and-then fixed with 

gluteraldehyde after mounting it in the stent. One observation rioted is ·that the material 

becomes whiter and apparently increases its elasticity. 1 mm vascular clips keep the cusps 

coapted while fixing them hi gluteraldehyde. The use of metallic clips to keep both cusps 

adjacent to each other after 24 hours of fixation in gluteraldehyde 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. 

Different suture materials. can be used, including, in a preferred embodilnent, :prolene 6.; 

O and Mersllene 6-0 which is a brald·ed suture. 

Implantation of Replacement Heart Valve Device 

The ·replacement heart valve device of the present invention ls preferably used In 

surgical procedures involving the percutaneous and translumlnal removal of the diseased or 

9e~ective he_art valve and the percutaneous and transluminal Implantation of the new heart 
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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 Umited to; laser lithotripsy, mechanical · 11thotripsy, 

electrohydraulic lithotripsy, and laser or mechanical ablation. To remove the native heart valve 

that is being replaced, a guldewlre Is Inserted percutaneously and translumlnally 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. Th~ 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 betw~en the origin of the coronary artery 

and the right subclavian artery. Next, a balloon and c_utting tool are advanced through the 

catheter so that the cutting tool and uninflated. ballo,on 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 he_art valve. A catheter is also placed into the coronary 

sinus via a transjugular puncture. This catheter is used for infusion of blood or cardloplegia 

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 cutting tool is in place, the balloon is 

Inflated and flexible shaft Is rotated. Once the cutting tool has r~ached the appropriate rotation 

speed, the cutting tool ls 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 th.a 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 remov~I . 
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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 he_art valve is placed as described above. 
. -

The delivery and implantation system of the replacement artificlal heart valve of the 
. - . 

present invention percutaneously and transluminally includes a flexible catheter ~which may 

be inserted into a vessel of the patient aod moved within that vessel as depicted in FIG. L 

The distal end !W.,.of the catheter,.AOJ2.. 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 ~ 

disposed within the catheter lumen ~and extending from the proximal end M.Q_of the 

catheter to the hollow section at the distal end 41Q..of the catheter. Once the distal end ~of 

· the catheter is positioned as desired, the pusher mechanism ~is activated and the distal 

portion of the replacement heart valve device ls pushed out of the catheter and the stent 

member...1.Wl partially expands. In this position the stent member 1.Q.Q...ls 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 ~s 

~ retracted slightly and the replacement heart valve deylce is completely pushed out 

of the catheter jWLand released from the catheter to allow the stent member 109..,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 wlvedevice ls releas~d from the catheter.· 
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Alternatively, or · in combination with the above, the replacement heart valve device 

could be positioned over a metallic guldewire 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 f:ig.EJ.a. 8, the Implantation system comprises a flexible hollow 

tube catheter !1Q.,with a metallic guide wire ~disposed within it. The stented valve device is 

collapsed over the tube and is covered by a moveable sheath1:...4WL, The moveable sheath.A§;Q. 

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 bl9od veS.sel via entry through the brachia! or femoral artery using a needle or exposing 

the artery surgically; placing a guide wire ~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 prepartng 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..!§Q 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 an aortogram is performed to assess the 

competency of the valve. 
. . 

Before creation of the valve means and implantation, the patient is studied to determine 

the architecture of the patient's heart. Useful techniques include fluoi-oscopy, transesophageal 

echocardiography, MRI, and_ angiography. The results of this study will enable th~ physician to 

determine the appropriate size for the replacement heart valve.-

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 percutaneously 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 
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withdrawn and anticoagulation is started using heparin 60 U/Kg Intravenously. Once vascular 

aC9ess 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 

intro.9ucer 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 i$ 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 val~e. 

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, firs~ the stenotic valve needs. to be opened using either 

aortic valvuloplasty or cutting and if this procedure Induces aortic insufficiency the stented valve 

is placed to prevent the regurgitation. 

lntravascular ultrasound or an angioscope passed intravascularfy via either the venous 

system through the intra-atrial septum across the mitral valve and into. th~ 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. 

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 examlnalion, 

periodic echocardlography 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 end'ovascular procedure. The prosthetic vall/e device can be used In any patient where 

bioprosthetlc valves are Indicated, namely elder1y patients with cardiac valve diseases, and 
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patients unable·to tolerate open heart procedures or fife-long anticoagulation. In addition, with 

the development of longer-life, flexible, non-thrombogenlc synthetic valve alternatives to 

bloprosthesis, the prosthetic valve device will be Indicated in all patients where the relative 

advanta~es of the life-span, the non-thrombogenic qualio/, 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. 

This method of percutaneous endovascular heart-valve replacement, In contra·st 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. 

While the present invention has been shown arid 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 no't 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. 

21 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 603 of 1441



CLAIMS 

Having thus described the invention, what is claimed is: 

1. A percutc;!neously Implantable replacement heart valve device comprising a self-

expanding stent member and an artificial valve means made of biocompatlble tissue f'.llaterial 

and disposed within the inner cavity of said stent member affixed at one or more points to said 

stent member, said valve means having cusps or leaflets formed by folding of a substantially 

rectangular shettf pf said blocompatible tissue material. 
.. 

2. The percutaneously implantable replacement heart valve geyice of cl!iilm 1, 

· wherein said stent member Is made of a metal or alloy of metals selected from the group · 

consisting of nickel-titanium alloy, titanium, stainless steel [add' others]. 

3. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises bovine pericardium 

tissue. 

4. The percutaneously implantable replacement heart valve device of claim 1, 

wherein said biocompatible tissue material of said valve means comprises porcine pericardium 
I • 

tissue. 

5. The_ percutaneously implantable replacement heart valve deyice of claim 1, . 

wherein said biocompatible tissue materiar 'of said valve means comprises autologous tissue 

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

.§. Ibe percutanegusry lropfantabfe heart valve device Qf c;;1a1m 1 wherein said 

stent member is self-expanding when·1mptanted. 

z._ The percutaneously 1mprantahle heart valve deylce ot 01aJm 1 whereto saJd 

stent member Is balloon catheter expandable when implanted, 
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6.-.t, A method. of making a percutaneously Implantable replacement heart valve_ 

device comprising the following steps: 

obtaining a substantially r~clangular segmentsheet of biocompatible tissue 

material; 

soaking said biocompatlble tissue material in a gluteraldehyde solution; 

transferring said biocompatible tissue material from said gluteraldehyde solution 

to an ethanol solution; 

drying said biocompatlble tissue material; 

folding said dried blocompatible tissue material to create cusps or leaflets and a 

cuffed tubular valve structure; 

affixing said folded biocompatible tissue material to the inner cavity of a stent. 

The methgd of making a percutanequsty Jnmtantab,e replacement heart 

yatye device claim s, wherein said biocompatlble ti§sye material comprises bovine 

perleardium tJssue. 

~ The method of making a percutaneously implantable repJacement heart 

valve device ctc11m a, whereto said biocompatible tissue material comprises porcine 

pericardium tissue, 

.11& The · method 0t making a percutaneously implantable replacement heart 

yaJye deylce claim a, wherafn said bigcampatjble tissue material comprises autoiogous 

tissue obtained from the patient Into whom said replacement heart valve device wm be 

implanted • 

.1L The method 0t making a percutaneously hnplantabre replacement heart 

ya Ive device 0t claim a, wherein said stent Is made 0t a metal o,:· angv of metals selected 

from the grqup consisting of n(cke1 .. t1tan1um alloy, titanium. stainless steel (add others]. 
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lbgd Rt making hen lmplarrtsd .13.. The me_ sett...xoandlng w -

valve devJs;e ofclalm 8. wherein said •:•:~:utaneou•!v lmolantable repla1u1ment 
- f making _ --- exoanaable 

a percutaneously I ement heart ble rep ac -- · . 1mp1anta 

14.i-
The method o - - ~ balloon catbeter 

safd stent Is --

heart 

1 of claim valve dey ce 8, wherein when 

Implanted. 

( 
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ABSTRACT 

The present invention comprises a percutaneously implantable replacement heart valve 

device and a method of making same. The replacement heart valve device comprises a stent 

member made of stainless steel or self-expanding nitlnol, a blologl9c1I tissue artificial valve 

means disposed within the inner space of the stent member. An implantation and delivery 

system having a central part which consists of a flexible hollow tube catheter that allows a 

metallic wire guide to be advanced in~ide it. The endovascular stented-valve ls a 

glutaraldehyde fixed bovine pericardium w~lch has two or three cusps that ope_n distally to 

pennlt unidirectional blood flow. The present invention also comprises , a novel method of 

making a replacement heart· valve by taking a rectangular fragment of bovine pericardium 

treating, drying, folding and rehydrating it in such a way ~hat forms a two- or three-leafleVpusp 

valve with the leaflets/cusps fonned by folding, thE::reby eliminating the extent of suturing 

required," providing impro~ed dura.bility and function·~ . 

1.l,MIA SR't.01Wl\bC.,.RC::liiblA\1341938,.i01'11lZUQ1\\MJA:§BYQ1WAI CARCELM\1341939y02\12128(01 . . 
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AFFIDAVIT OF DR. GERVASIO A. LAMAS, M.D. 

STATE OF FLORIDA ) 
) ss 

COUNTY OF MIAMI-DADE ) 

BEFORE ME, the undersigned authority, personally appeared DR. GERVASIO A. 

LAMAS, M.D., who after having been duly sworn, deposes and states the following: 

1. My name is DR. GERVASIO A. LAMAS, M.D. and I am over eighteen years of 

age and otherwise suijuris. 

2. I reside in Miami, Florida, U.S.A. 

3. I am the Chief of Cardiology at the Columbia University Division of Cardiology 

at Mount Sinai Medical Center in Miami, Florida ("Mount Sinai Medical Center"). 

4. I am also the Director of Cardiovascular Research and Academic Affairs at Mount 

Sinai Medical Center. 

5. I was also previously the Director of the Cardiology Fellowship Program at the 

University of Miami Miller School of Medicine and Interim Vice Chief of Clinical 

Affairs/Clinical Services for the Cardiovascular Division and Medical Director of the Cardiac 

Care Unit at the University of Miami Doctor's Hospital. 

6. I received a Bachelor of Arts Degree in Biochemical Sciences (cum laude) from 

Harvard College and a Doctor of Medicine Degree (with honors) from New York University 

School of Medicine. I completed my internship, residency and cardiology training at the 

Brigham and Women's Hospital at Harvard Medical School and later served on the faculty of 

Harvard Medical School. I am board certified in Internal Medicine and Cardiovascular Diseases 

and am a fellow of the American College of Cardiology, the American Heart Association, the 

European Society of Cardiology and the Asian-Pacific Society of Cardiology. I have authored or 
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co-authored over 300 publications in the medical field and have been a licensed and practicing 

cardiologist for over thirty years. 

7: · ·· Dr. David Paniagua, M.D. is personally known to me. Dr. Paniagua practiced as a 

cardiologist at Mount Sinai' Medical Center from 1996-1999 while completing an interventional 

cardiovascular fellowship program for which I served as Program Director. 

8. Prior to December 31, 1999, Dr. Paniagua informed me privately regarding his 

percutaneously implantable replacement heart valve invention, wherein a more durable valve less 

susceptible to tearil).g was made by folding biocompatible material such that the cusp or leaflet 

portion was formed by folding without cutting slits in the valve material to form the leaflets or 

suturing of separate leaflets onto the valve body. 

9. Prior to December 31, 1999, Dr. Paniagua privately showed me a pape~ model of 

said valve mounted entirely within a stent. The model was shown to me in person by Dr. 

Paniagua in Miami, Florida. The valve was a folded design with cusps or leaflets formed by 

folding of the •valve material rather than by cutting slits in the valve material or suturing of 

separate leaflets onto the valve body. The valve cusps or leaflets did not have slits or cuts. The 

valve instead had a tubular form with a fold at one end and one or more folds disposed inwardly 

in relation to the valve's interior space to form cusps or leaflets at or near the opposite end. 

10. I do not have a financial or proprietary interest in the above-described invention. 

11. The statements in this Affidavit are true, correct and based upon my personal 

knowledge. 

FURTHER AFFIANT SA YETH NAUGHT. Oat day of September, 2009. 
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NOTARIAL ACKNOWLEDGMENT 

STATE OF FLORIDA ) 
) SS: 

COUNTY OF MIAMI-DADE ) 

The foregoing instrument was acknowledged before me this .3._ day of September, 2009, 
by Dr. Gervas'.] A. L!as, M.D., who is personally known to me, or has produced identification 
in the form of I M«- ic€11~ , and who did take an oather~ c{JulJ.lh 

BEATRIZ ACEVEOO 
MY COMMISSION# DD 910748 

EXPIRES: July 26, 2013 
Bonded Thru Nota,y PubUc Underwriters 

[NOTARY SEAL] 

MIA 180, 741,915v1 

3 

Notary Signature 
Print Name: pe,a1i,~ .Ac~VE-W 
Notary Public, State olFiorida 
My Commission Expires: ,(~'1~1'?, 
Commission Number: !)1) c, 10-,qg 
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AFFIDAVIT OF DR. PAOLO ANGELINI, M.D. 

STATE OF TEXAS 

COUNTY OF HARRIS 

) 
) ss 
) 

BEFORE ME, the undersigned authority, personally appeared DR. PAOLO ANGELINI, 

M.D., who after having been duly sworn, deposes and states the following: 

1. My name is DR. PAOLO ANGELINI, M.D. and I am over eighteen years of age 

and otherwise sui juris. 

2. I reside in Houston, Texas, U.S.A. 

3. I am a practicing cardiologist at the Texas Heart Institute St. Luke's Episcopal 

Hospital ("Texas Heart Institute") and with Leachman Cardiology Associates in Houston, Texas 

and am licensed to practice medicine in the State of Texas. I have be.~n a practicing cardiologist 

for over thirty-five-years with specific focus on. interventional cardiology and coronary 

anomalies. 

4. I received a Doctor of Medicine degree from the University of Milan in Italy and 

completed an internship in internal medicine at the University of Milan. I completed my 

residency at the Instituto Nacional de C~diologia, Mexico City, Mexico, and completed 

fellowship training in cardiology Baylor College of Medicine in Houston Texas. I am a member 

of the American College of Cardiology, the Houston Cardiology Society, the Texas Medical 

Society. 

5. I am also a Clinical Professor of Cardiology at the Baylor College of Medicine, 

Baylor University, in Houston, Texas. I have authored or co-authored numerous publications in 

the field of interventional cardiology, particularly with regard to coronary angioplasty. 
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6. Dr. David Paniagua, M.D. is personally known to me. Dr. Paniagua practiced as a 

cardiologist at Texas Heart Institute in 1999-2000 while he was completing an interventional 

cardiovascular fellowship program there. I was practicing as a cardiologist at Texas Heart 

Institute during such period. 

7. Prior to December 31, 1999, Dr. Paniagua informed me privately regarding his 

percutaneously implantable replacement heart valve invention, made by folding biocompatible 

material such that the cusp or leaflet portion was formed by folding without cutting slits in the 

valve material to form the leaflets or suturing of separate leaflets onto the valve body. Thi~ 

privileged communication occurred during the period January 1998 through June 1999, in the 

Animal laboratory of the Texas Heart Institute, where I was conducting dog experiments. 

8. I do not have a financial or proprietary interest in the above-described invention. 

9. The statements in this Affidavit are true, correct and based upon my personal 

knowledge. 

FURTHER AFFIANT SA YETH NAUGHT. Dated thisi~ of August, 2009. 
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STATE OF TEXAS 

COUNTY OF HARRIS 

NOTARIAL ..ACKNOWLEDGMENT 

) 
) SS= 
) 

The foregoµig instrument was acknc::,-wledged befor me 
Dr. Paolo Angelini, M.D., who is personall-y known to me, or 
fonn of _______ _,, and who did take an oath. 

ugust, 2009, by 
· fication in the 

.QJIYJU\vv-­

~~ 
Ft01 ida --te;/11-s @ RENEE KLAEVEMANN 

MY COMMISS1ON EXPIRES 
AUGUST I, 2012 My Commission Expires: Afwt.L.Stq I ma. 

Commission Nwnber: '·Vo 
[NOTARY SEAL) 

MIA 180,744, 103v1 
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APPENDIXC 

UNMARKED VERSION OF CLAIMS 

1. (currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming· a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material being disposed within said inner 

channel of said stenf member, said sheet of biocompatible material having two opposite ends 

joined to form an outer generally tubular portion having an inner space and having one or more 

folds defining an inner leaflet portion with two or more unslit leaflets without requiring suturing 

of said leaflets, said inner leaflet portion being disposed within said inner space of said outer 

generally tubular portion. 

2. ( currently amended) The percutaneously implantable replacement heart valve 

device of claim l, wherein said expandable stent member is made of a metal or alloy of metals. 

3. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material comprises mammal pericardium 

tissue. 

4. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material is disposed entirely within said 

inner channel of said stent member. 

5. (currently amended) The percutaneously implantable replacement heart valve 
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device of claim 1, wherein said sheet ofbiocompatible material comprises graft material. 

6. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 1, wherein said sheet of biocompatible material comprises biological tissue. 

7. (currently amended) The percutaneously implantable heart valve device of claim 

1, wherein said sheet ofbiocompatible material comprises a synthetic biocompatible material. 

8. (currently amended) The percutaneously implantable heart valve device of claim 

7, wherein said synthetic biocompatible material is selected from the group consisting of 

polytetrafluoroethylene, polyester, polyurethane, metal, metal alloy and metal foil, including 

combinations thereof. 

9. (original) The percutaneously 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. 

11. (canceled) 

12. (canceled) 

13. (canceled) 

14. (canceled) 

15. (canceled) 

16. (canceled) 

17. (canceled) 

18. (canceled) 
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19. (canceled) 

20. (canceled) 

21. (canceled) 

22. (canceled) 

23. (canceled) 

24. (canceled) 

25. (canceled) 

26. (canceled) 

27. (currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

an expandable stent member having an inner channel, 

a first sheet of biocompatible material forming a first generally tubular portion having an 

inner space, said first generally tubular portion having a first border defined by a first border 

fold, and one or more additional folds, said first border fold and said one or more additional folds 

defining a cusp or leaflet portion having one or more unslit leaflets without requiring suturing of 

said leaflets, and 

a second sheet of biocompatible material forming a second generally tubular portion 

having a folded border defining a cuff, 

said first generally tubular portion and second generally tubular portion being affixed 

together to form a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure and having an 
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outer generally tubular structure formed by said first generally tubular portion and said second 

generally tubular portion, said outer generally tubular structure having an inner space with said 

leaflets disposed within said inner space of said outer generally tubular structure, and 

said first sheet of biocompatible material and said second sheet of biocompatible material 

being disposed within said inner channel of said stent member. 

28. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 27, wherein said collapsible and expandable valve is attached to said expandable 

stent member at one or more attachment points, and wherein said one or more attachment points 

consist of attachment points disposed on said outer generally tubular structure. 

29. (currently amended) The percutaneously implantable replacement heart valve 

device of claim 27, wherein said first sheet of biocompatible material and said second sheet of 

biocompatible material are disposed entirely within said inner channel of said stent member. 

30. ( currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible 1!1aterial having a first border with a fold 

defining a cuff portion, and having a second border opposite to said first border with a second 

border fold and one or more additional folds oriented perpendicularly in relation to said second 

border fold defining a leaflet portion having one or more leaflets formed by one or more of said 

folds without requiring slits in said sheet of biocompatible material to form said one or more 

leaflets, and without requiring suturing of said one or more leaflets, said sheet of biocompatible 

material forming a generally tubular structure having an inner space with said leaflets disposed 
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within said inner space of said generally tubular structure, said leaflets opening in response to 

blood flow through said inner space of said generally tubular structure in one direction and 

closing in response to blood flow in an opposite direction. 

31. (currently amended) The device of claim 30, wherein said leaflet portion 

comprises a separate sheet of said biocompatible material including one or more additional 

pleats through which said leaflet portion is attached to said cuff portion. 

32. ( currently amended) The device of clairp. 30, further comprising an expandable 

stent having an inner channel, and wherein said sheet of biocompatible material is disposed 

within said inner channel of said expandable stent, and wherein said sheet of biocompatible 

material further comprises one or more folds through which said sheet of biocompatible material 

is affixed to said expandable stent. 

33. (currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material being disposed within said inner 

channel of said stent member, said sheet of biocompatible material having a first border fold, one 

or more additional folds parallel to said first border fold and one or more folds oriented 

perpendicularly in relation to said first border fold to form a leaflet portion with leaflets without 

cutting of slits in said sheet of biocompatible material to form said leaflets, and without requiring 

suturing of said leaflets, said sheet of biocompatible material being formed into a tubular 

structure having an inner space within which said leaflets are disposed, said leaflets opening in 
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response to blood flow toward said leaflets in one direction and closing in response to blood flow 

in an opposite direction. 

34. ( currently amended) A percutaneously implantable replacement heart valve 

device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material having an upper border fold, a 

lower border fold, and one or more folds oriented perpendicularly in relation to said upper border 

fold forming one or more cusps or leaflets without requiring suturing of said leaflets, said sheet 

of biocompatible material further having two opposite ends coupled to form a generally tubular 

portion having an inner space with said cusps or leaflets disposed within said inner space of said 

generally tubular portion, said cusps or leaflets being unslit, said sheet ofbiocompatible material 

being disposed within said inner channel of said stent member. 

35. (currently amended) A percutaneously implantable replacement heart valve 

device comprising: 

an expandable stent member having an inner channel, and 

a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure, said collapsible 

and expandable valve comprising a first sheet of biocompatible material having an upper border 

defined by an upper border fold, a lower border and one or more additional folds positioned on 

said sheet of biocompatible material between said upper border and said lower border and 
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oriented inwardly in relation to eachother, said upper border fold and said one or more additional 

folds forming one or more leaflets without cutting of slits to form said one or more leaflets and 

without requiring suturing of said one or more leaflets, said first sheet formed into a generally 

tubular portion having an inner space with said one or more leaflets disposed within said inner 

space, and a second sheet of biocompatible material formed into a second generally tubular 

portion having an inner space and a cuff defined by a fold, said first sheet of biocompatible 

material being affixed to said second sheet of biocompatible material to define a generally 

tubular structure having a border defined by said cuff, with said one or more leaflets disposed 

within said inner space of said generally tubular structure, said first sheet of biocompatible 

material and said second sheet of biocompatible material being disposed within said inner 

channel of said stent member. 

36. (currently amended) A percutaneously implantable replacement heart valve 

device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material disposed within said inner channel of said stent 

member, said biocompatible material having two or more folds to define a collapsible and 

expandable valve, said collapsible and expandable valve being percutaneously and 

transluminally implantable via an endovascular procedure, said folded sheet of biocompatible 

material having a generally tubular portion having an inner space and a cusp or leaflet portion 

with leaflets disposed within said inner space of said generally tubular portion, said leaflets being 

unslit and formed by one or more of said folds without requiring suturing of said leaflets and 

without requiring affixation of said leaflets. 

37. (currently amended) A percutaneously implantable replacement heart valve 
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device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve capable of 

being percutaneously and transluminally implantable via an endovascular procedure, said sheet 

of biocompatible material having one or more inward horizontal folds and one or more inward 

vertical folds defining one or more unslit cusps or leaflets without requiring suturing of said 

leaflets, said leaflets opening in response to blood flow in one direction and closing in response 

to blood flow in an opposite direction, said sheet of biocompatible material formed into a 

generally tubular structure having an inner space with said leaflets disposed within said inner 

space of said generally tubular structure, said sheet of biocompatible material being positioned 

within said inner channel of said stent member. 

38. (new) · A percutaneously implantable replacement heart valve device comprising: 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material having one or more folds to form a 

cuff portion and being formed into generally tubular structure having an inner space, said sheet 

of biocompatible material having two or more additional folds forming a cusp or leaflet portion 

with unslit leaflets without requiring suturing of said leaflets or affixation of said leaflets, 

wherein said leaflets open in response to blood flow in one direction and close in response to 

blood flow in an opposite direction, and 

an expandable stent having an inner channel, said sheet of biocompatible material being 

disposed within said inner channel of said stent. 
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39. (new) A percutaneously implantable replacement heart valve device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material disposed within said inner channel 

of said stent member, said sheet of biocompatible material being formed into a generally tubular 

structure having a top end fold, a bottom end fold, and one or more additional folds positioned 

between said top end fold and said bottom end fold forming leaflets defined by folds without 

requiring cutting of slits into said sheet of biocompatible material to form said leaflets or 

requiring suturing of said leaflets. 

40. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material having a first border portion with 

one or more fi~st border folds, one or more additional folds oriented perpendicularly in relation 

to said first border portion, said sheet of biocompatible material being further formed into a 

generally tubular structure having an inner space with one or more unslit leaflets defined by one 

or more of said folds without requiring suturing of said leaflets and without requiring affixation 

of said leaflets, said leaflets disposed within said inner space of said generally tubular structure, 

said sheet of biocompatible material being disposed within said inner channel of said expandable 

stent member. 
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41. (new) The percutaneously implantable replacement heart valve device of claim 

40, further comprising a further fold defining a second border parallel to said one or more first 

border folds. 

42. (new) A percutaneously implantable replacement heart valve device including: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, said 

collapsible and expandable valve being percutaneously and transluminally implantable via an 

endovascular procedure, said sheet of biocompatible material disposed within said inner channel 

of said stent member, said sheet of biocompatible material having two or more folds defining one 

or more unslit leaflets without requiring suturing of said leaflets. 

43. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a sheet of biocompatible material forming a collapsible and expandable valve, 

said collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure, said sheet ofbiocompatible material having an upper border defined 

by a first fold having an outer end portion oriented inwardly in relation to said upper border, said 

outer end portion having a further fold, a lower border defined by a second fold, a right end, a 

left end, and one or more additional folds positioned between said right end and said left end, 

said right end and said left end coupled to form a generally tubular structure with an inner space 

having unslit leaflets disposed within said inner space of said generally tubular structure without 

requiring suturing of said leaflets, said sheet being disposed within said inner channel of said 

stent member. 
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44. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure, said collapsible 

and expandable valve consisting essentially of biocompatible sheet material disposed within said 

inner channel of said stent member, said biocompatible sheet material formed into a tubular 

structure having one or more folds defining one or more unslit leaflets without requiring suturing 

of said leaflets or affixation of said leaflets, said leaflets opening in response to blood flow 

toward said leaflets in one direction and said leaflets closing by means consisting of blood flow 

in an opposite direction. 

45. (new) A percutaneously implantable replacement heart valve device comprising: 

an expandable stent member having an inner channel, and 

a collapsible and expandable valve, said collapsible and expandable valve being 

percutaneously and transluminally implantable via an endovascular procedure, said collapsible 

and expandable valve consisting of biocompatible sheet material disposed within said inner 

channel of said stent member, said biocompatible sheet material formed into a generally tubular 

structure having one or more folds defining one or more unslit leaflets without requiring suturing 

of the leaflets. 

46. (new) A percutaneously implantable replacement heart valve device consisting 

essentially of: 

an expandable stent member having an inner channel, and 

biocompatible sheet material forming a collapsible and expandable valve, said collapsible 
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and expandable valve being percutaneously and transluminally implantable via an endovascular 

procedure, said sheet of biocompatible material disposed within said inner channel of said stent 

member, said biocompatible sheet material formed into a generally tubular structure with two or 

more folds defining one or more unslit leaflets without requiring suturing of said leaflets. 

47. (new) A percutaneously implantable replacement heart valve device consisting 

of: 

an expandable stent member having an inner channel, and 

biocompatible sheet material forming a collapsible and expandable valve, said collapsible 

and expandable valve being percutaneously and transluminally implantable via an endovascular 

procedure, said sheet of biocompatible material being disposed within said inner channel of said 

stent member, said biocompatible sheet material being formed into a generally tubular structure 

with two or more folds defining one or more unslit leaflets without requiring suturing of said 

leaflets. 

48. (new) A percutaneously implantable replacement heart valve device comprising: 

a sheet of biocompatible material having a first border portion with one or more first 

/ 
border folds, a second border opposite said first border portion defined by a second border fold, 

and one or more additional folds oriented perpendicularly in relation to said first border portion 

and having two opposite outer free ends, said opposite outer free ends being coupled to form a 

generally tubular structure having an inner space to define a collapsible and expandable valve, 

said collapsible and expandable valve being percutaneously and transluminally implantable via 

an endovascular procedure, said collapsible and expandable valve having one or more unslit 

leaflets defined by one or more of said folds, said one or more leaflets disposed within said inner 

space of said generally tubular structure, said leaflets opening in response to blood flow toward 
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said leaflets in one direction and closing in response to blood flow in an opposite direction, and 

an expandable stent having an inner channel, said sheet of biocompatible material being 

disposed within said inner channel of said expandable stent. 

49. (new) The device of claim 27, wherein said first sheet has one or more additional 

pleats through which said first sheet is attached to said second sheet. 

50. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is affixed to said stent member with affixation points on a single plane. 

51. (new) The percutaneously implantable heart valve device of claims 27, 30, 33, 

34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material of said valve 

comprises a synthetic biocompatible material selected from the group consisting of: 

polytetrafluoroethylene, polyester, polyurethane, metal, metal alloy and metal foil, including 

combinations thereof. 

52. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is dried prior to folding and rehydrated after folding. 

53. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is further folded to form one or more attachment pleats. 

54. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said inner channel of said 

stent member has no inward projections coupled to and supporting said valve leaflets. 
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55. (new) The percutaneously implantable replacement heart valve device of claims 

1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 46, 47 or 48, wherein said biocompatible material 

is photomechanically compressed prior to folding. 

56. (new) The percutaneously implahtable replacement heart valve device of claim 

1, wherein said sheet of biocompatible material is attached to said expandable stent member at 

one or more attachment points on said sheet of biocompatible material, said one or more 

attachment points consisting of attachment points disposed on said outer generally tubular 

portion. 

MIA 1B0,801,878v1 

C-14 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 630 of 1441



I"fi'i,THE UNITED STATES PATENT AND TRADEMARK OFFICE 
' 

In re patent application of Paniagua, et al. 
Application Serial No. 10/887,688 
Filing Date: 7/10/04 · 

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

bi.~~, ~_,' INFORMATION DISCLOSURE STATEMENT 
g: UNDER 37 CFR § 1.97 

/:""'!.!J'"""'p/ru--u-1issioner for Patents 
&11''1' .0. Box 1450 

Alexandria, Virginia 22313-1450 

Sir: 

Submitted herewith on Form PTO-SB/08a is a listing of documents known to Applicant in order 

to comply with Applicant's duty of disclosure pursuant to 3 7 CFR § 1.56. Copies of the listed documents 

are being submitted, if applicable, to comply with the provisions of 3 7 CFR § 1.97-1.99. Please charge 

· Deposit Account No. 50-1792 for the fee under 37 CFR §1.17(p) ($180) .and any other fee due in 

connection with this submission. 

The submission of any document herewith, which is not a statutory bar, is not intended as an 

admission that such document constitutes prior art against the daims of the present application. 

Applicant does not waive any rights to take any action which would be appropriate to antedate or 

·. · otherwise remove as competent reference any document which is determined to be a prima facie prior art 

reference against the claims of the present application. 

Applicant respectfully requests that the listed documents be considered by the Examiner and be 

ma:de of record in the present application and that an initialed copy of Form PTO-SB/08a be returned in 

accordance with MPEP § 609. 

Date: September 14, 2009 

:t:::1~:: RPIEBRAHT 00000073 S0179e 10887688 
180.00 DA 

MIA 180,806,007vl 
MIA 180,806,007v1 

Respectfully submitted, 

M~e;,-!~ 
Reg. No. 41,360 
GREENBERG TRAURIG, P.A. 
1221 Brickell Avenue 
Miami, FL 33131 
(305) 579-0812 

EXPRESS MAIL MAILING LABEL NO. EH 796550831 US 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 631 of 1441



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/887,688 07/10/2004 

54353 7590 03/02/2010 

MANUEL V ALCACEL 
c/o GREENBERG TRAURIG, P.A. 
1221 BRICKELL A VENUE 
MIAMI, FL 33131 

FIRST NAMED INVENTOR 

David Paniagua 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

51458.010100 4909 

EXAMINER 

MILLER, CHERYLL 

ART UNIT PAPER NUMBER 

3738 

MAIL DATE DELIVERY MODE 

03/02/2010 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 632 of 1441



Office Action Summary 

Application No. 

10/887,688 

Examiner 

CHERYL MILLER 

Applicant(s) 

PANIAGUA ET AL. 

Art Unit 

3738 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 14 September 2009. 

2a)IZ! This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1Zl Claim(s) 1-10 and 27-56 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1Zl Claim(s) 1-10 and 27-56 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) IZ! Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 9/14/2009. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20100227 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 633 of 1441



Application/Control Number: 10/887,688 

Art Unit: 3738 

DETAILED ACTION 

Response to Arguments 

Page2 

The applicant has argued that Bailey (US 6,458,153) does not disclose I la, I lb and 26 to 

be continuous. The examiner disagrees. Bailey discloses graft (sheet) everted (folded) into 

leaflets (26/28). See figure 10 which clearly shows leaflets (26/28) as a continuum of sheet 

(graft I lb) that is folded at 27, (see col.9, lines 19-27 which discussed everting the graft material, 

everting analogous to folding). Bailey's additional cuff fold is when 11 a is a continuum of 11 b 

(this is not shown in the figures, but is disclosed as an alternate embodiment, col.9, lines 20-24; 

as graft is disclosed to possibly cover entire length of the stent, col.9, lines 52-60, it is envisioned 

how such a passing through and eversion would occur). 

The applicant has also argued that longitudinal seams 29 may not be considered 

perpendicular folds. The examiner disagrees. The seams 29 form folds in the sheet and are 

clearly seen in the figures. 

The applicant has also argued that Bailey does not disclose the valve body entirely within 

the inner space of the stent. The examiner disagrees. When the valve body is considered 

11 b+ 26/28 ( claim 1 for example), it is entirely within the stent. When the valve body is 

considered 11 a+ 11 b+ 26/28 ( other claims), at least 11 b+ 26/28 is within the valve body thus 

meets the claim ( as the entirety of the sheet is not required by the claims to reside within the 

inner space). 

The applicant has also argued that Bailey does not anticipate the claims as Bailey's 

device requires valve struts on the leaflets and thus the sheet is not within the stent inner channel. 

The examiner disagrees as the applicant's claims do not preclude the use of additional elements 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 634 of 1441



Application/Control Number: 10/887,688 

Art Unit: 3738 

Page 3 

such as struts. Although the struts help regulate the flow by helping the leaflets open and close 

by their bias, the leaflets themselves also help regulate the flow ( as flow would not be regulated 

without the leaflets, if the struts were used alone). The struts need not be considered part of the 

"stent" as they are separate elements 24 and the stent is 12. The applicant argues the struts 24 

are sutured to the leaflets. The examiner disagrees as they may be fused or adhered instead. 

The applicant has argued that Garrison (US 6,425,916 Bl) requires suturing of the 

leaflets (sutures 110, fig.35-37). The examiner disagrees. Without requiring suturing is a 

method step. Garrison's replacement valve does not have sutures in the end product. Sutures are 

not present upon purchasing or storing of the valve, nor are they present after implantation. The 

sutures are only used for delivery and are not required, that is the valve is capable of being 

implanted by other means without sutures. The applicant has also argued that Garrison does not 

disclose the leaflet portion within the outer tubular portion of the sheet. The examiner disagrees. 

Leaflet portion consists only of the arcuate lines to the free ends in fig.34. All other portions of 

the valve 6d are considered the tubular portion (including vertical folds/commissures). Thus, the 

semi-circular leaflets are within the commissures of the tubular portion. 

The applicant has argued that Bessler (US 5,855,601) does not disclose unslit leaflets. 

The examiner disagrees. Bessler's leaflets themselves do not have slits, it is the tubular member 

that is slit inbetween the leaflets. The applicant has also argued that the sheet tubular portion is 

outside the stent (not within the inner channel). The examiner disagrees. The claims require the 

sheet to be within the inner channel. Some of the sheet (the leaflet portion) is within the inner 

channel. The claims do not require the entirety of the sheet to be within the inner channel, thus 

the fact that the outer cuff tubular portion is outside the stent is irrelevant. 
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Declaration 

The declaration filed on December 15, 2008 and September 14, 2009 under 37 

Page4 

CFR 1.131 has been considered but is ineffective to overcome the Bailey (US 6,652,578 B2) 

reference. Exhibits B and C were missing from the file, and unable to be evaluated. 

The evidence submitted is insufficient to establish a conception of the invention prior to 

the effective date of the Bailey reference. While conception is the mental part of the inventive 

act, it must be capable of proof, such as by demonstrative evidence or by a complete disclosure 

to another. Conception is more than a vague idea of how to solve a problem. The requisite 

means themselves and their interaction must also be comprehended. See Mergenthaler v. 

Scudder, 1897 C.D. 724, 81 O.G. 1417 (D.C. Cir. 1897). Portions of the declaration that are 

declared to have occurred prior to December 31, 1999 do not provide sufficient support for a 

valve being unslit and also an inner and an outer fold. 

Priority 

Applicants seem to disclose four separate embodiments, only one of which is supported 

by the parent application, thus all claims do not receive the same priority date. 

Embodiment I-seen in figures 3a, 3b, and disclosed in pgs.13-15 of the parent application; has 2 

horizontal folds and some vertical folds. 

Embodiment 2-seen in figures 9a-9c of the current application; has 2 horizontal folds, some 

vertical folds and additional curved folds 6, 7, 8 where attached to the valve portion. 

Embodiment 3-disclosed on pg.18 of current application; has 2 separate sheets, the first being the 

valve body with 1 horizontal fold and the other sheet being the leaflet portion with no folds, the 

two attached together. 
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Embodiment 4-disclosed on pg.20 of the current application; has reinforcing tab at attachment 

location. 

Thus the following claims receive the following priority dates: 

January 4, 2002: claims 1-7, 9, 30, 32, 34, 36, 37, 38, 39, 40-42, 44-48, 56 

July 10, 2004: claims 8, 10, 27-29, 31, 33, 35, 43, 49-55 

Claim Rejections- 35 USC§ 112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claims 1-10 and 27-56 are rejected under 35 U.S.C. 112, first paragraph, as failing to 

comply with the written description requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to reasonably convey to one skilled in the 

relevant art that the inventor(s), at the time the application was filed, had possession of the 

claimed invention. 

Claims 1, 27, 30, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 44, 45, 46, and 47 each recite 

"without requiring suturing of said leaflets". This limitation is considered new matter. 

Applicants current specification discloses suturing the leaflets to the valve cuff portion, see pg.18 

and 20, "leaflet layer is preferably attached to the outer cuff layer by curved or straight 

continuous suturing" and "leaflet layer is then attached to the cuff layer to form valve cusps in 

one of three preferred ways .... "all which entail suturing. Further, both the current specification 

and the parent specification disclose the present invention "reducing the extent" of suturing of 

the leaflets, however no support was found for elimination (without requiring) of suturing (this 
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seems to be opposite of what is supported by the specification. Although fig.3a, 3b do not 

illustrate sutures, sutures are disclosed to be used and only a reduction in suturing is disclosed 

and a claim for without requiring sutures seems to be a contradiction to the specification and thus 

considered new matter. Claims 2-10, 28-29, 31-32, 41, and 49-56 depend upon the above claims 

and inherit all problems associated with them. 

Claims 36, 40, 44 recite, "without requiring affixation of said leaflets", which is 

considered new matter for the same reasons stated above. 

Claims 27 and 35 each require two separate sheets, each sheet having a border fold. 

There is no support for the claimed subject matter. The only embodiment using two separate 

sheets is disclosed at pg.18 of applicants specification ( not shown in any figures) wherein the 

"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". Thus only the valve body has a border 

fold, the leaflet portion does not have a border fold. 

Claim 33 recites, "one or more additional folds parallel to said first border fold" is 

considered new matter. 

matter. 

Claim 3 7 recites, "one or more inward horizontal folds", which is considered new matter. 

Claim 40 recites, "one or more first border folds", which is considered new matter. 

Claim 43 recites, "outer end portion having a further fold", which is considered new 

Claim 48 recites, "one or more first border folds" which is considered new matter. 
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Claim 53 is considered new matter as vertical folds have already been claimed in 

independent claims, thus additional pleats are not supported by the specification and are not for 

all embodiments in all independent claims. 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

Claims 1-10, 30-32, 34, 43, 48, and 50-56 are rejected under 35 U.S.C. 112, second 

paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject 

matter which applicant regards as the invention. 

Claims 1, and 34 recite "opposite ends", however it seems applicant instead intended to 

recite opposite sides as the ends relate to an inflow and outflow end. 

Claim 43 recites "right end and left end", however is seems applicant instead intended to 

recite right and left sides. 

Claim 48 recites, "outer free ends", however is seems applicant instead intended to recite 

free sides. Also, this limitation is indefinite since the free ends are attached to one another, thus 

no longer free. The claim requires the ends to be free and attached (not free) at the same time, 

which is considered indefinite as applicant is positively claiming both and intermediate and end 

product. 

Claims 31 is an alteration of its independent claim 30. The leaflet portion cant be a 

continuous with (by a fold) the cuff and a separate sheet at the same time. 

Claim 32 is unclear at "further comprises one or more folds", as it seems these folds have 

already been positively introduced into the independent claim 30, thus do not "further comprise". 
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Claims 52 and 55 are product by process claims. Patentable weight is given to the end 

product only, not its method of manufacture, see MPEP 2113. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

( e) the invention was described in ( 1) an application for patent, published under section 122(b ), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351 (a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

Claims 1-3, 5-10, 36, 37, 40, 42, 44-47, 50-52, and 54-56 are rejected under 35 

U.S.C. 102(b) as being anticipated by Bessler et al. (US 5,855,601, cited previously). Bessler 

discloses a replacement heart valve device (see fig.1-5) comprising an expandable stent member 

(21 or 32) having an inner channel (lumen) and a sheet ofbiocompatible material (22 or 35) 

forming a valve and disposed within the inner channel (part of sheet, the leaflets, are disposed 

within the channel-it is noted that the claims do not require the entirety of the sheet to be within 

the channel), the sheet having two sides joined to form a tube (tube seen in figures) having an 

outer tubular portion (cuff 25) having an inner space (lumen) and having one or more folds (fold 

where cuff meets leaflets) with two or more unslit leaflets (24 or 36; leaflets themselves are not 

slit; it is the sheet that is slit inbetween the leaflets) without requiring suturing of the leaflets (24, 

36 are not sutured to anything), the inner leaflet portion (24, 36) disposed within the inner space 

of the outer tubular portion (25; see figs.1-5). Bessler shows at least one horizontal fold, at the 
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bottom of the valve and one vertical fold ( fold to form the tube). Bessler discloses the cuff (25) 

to be sutured to the stent (at 26 along one plane, see fig.I, 4). Bessler discloses the claimed 

materials for the stent ( col.6, lines 3-8) and sheet ( col.6, lines 18-31; col.4, lines 9-11 ). 

Claims 1-10, 36-40, 42, 44-48, and 50-56 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Garrison et al. (US 6,425,916 Bl, cited previously). See figures 32-38 and 

respective portions of the specification. Garrison discloses a valve device comprising an 

expandable stent member (111 +26d+8d) having an inner space/channel (lumen) and a flexible 

compressible valve sheet (6d) disposed in the inner space/channel, the valve (6d) comprising a 

sheet ofbiocompatible material (col.IO, lines 55-57; col.5, lines 45-60) having at least one fold 

(upper horizontal fold at border of 111), a lower fold (arcuate lines bordering leaflets) and three 

vertical fold perpendicular to the first upper fold ( at commissures ), the leaflets ( arcuate inward 

portions seen in fig.34) being unslit and not requiring suturing (suturing the leaflets are a method 

step, and although sutures are used to deliver the valve of Garrison at 110, they are not required, 

that is the valve may be capable of being delivered without them, further, sutures are not present 

in the end product, during storage and after implantation). Garrison shows the leaflets ( arcuate 

inward portions of fig.34) within the tubular portion/ cuff of the sheet ( all portions of valve 6d 

besides the arcuate leaflets are considered the tubular portion, the leaflets shown positioned 

within the tubular portion as the three vertical folds are portions of the tubular portion). 

Garrison discloses the stent to be made of the materials claimed that are self-expandable or 

balloon expandable materials (col.5, lines 4-7; col.IO, lines 38-50, 59-61). 
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In the alternative to the above rejection, claims 1-10, 36-40, 42, 44-48, and 50-56 are 

rejected under 35 U.S.C. 102(e) as being anticipated by Garrison et al. (US 6,425,916 Bl, cited 

previously). See figures 32-38 and respective portions of the specification. Garrison discloses a 

valve device comprising an expandable stent member (111 +26d+8d) having an inner 

space/channel (lumen) and a flexible compressible valve sheet (6d) disposed in the inner 

space/channel, the valve (6d) comprising a sheet ofbiocompatible material (col.IO, lines 55-57; 

col.5, lines 45-60) having at least one fold (upper horizontal fold at border of 111), a lower fold 

( arcuate lines bordering leaflets) and three vertical fold perpendicular to the first upper fold ( at 

commissures), the leaflets (arcuate inward portions seen in fig.34) being unslit and not requiring 

suturing (suturing the leaflets are a method step, and although sutures are used to deliver the 

valve of Garrison at 110, they are not required, that is the valve may be capable of being 

delivered without them, further, sutures are not present in the end product, during storage and 

after implantation). Garrison shows the leaflets (arcuate inward portions of fig.34) within the 

tubular portion/cuff of the sheet ( all portions of valve 6d besides the arcuate leaflets are 

considered the tubular portion, the leaflets shown positioned within the tubular portion as the 

three vertical folds are portions of the tubular portion). Garrison discloses the stent to be made 

of the materials claimed that are self-expandable or balloon expandable materials (col.5, lines 4-

7; col.IO, lines 38-50, 59-61). 

Claims 1-2, 4-10, 30-34, 36-48, 50-53, and 55-56 are rejected under 35 U.S.C. 102(b) as 

being anticipated by Bailey et al. (US 6,458,153 Bl; assuming all claims receive a priority date 

of July 10, 2004). Bailey discloses an implantable heart valve (figs.1-5 for example which 
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discloses graft may cover full stent length, col.9, lines 52-60) comprising an expandable stent (12 

alone) and an inner flexible compressible valve ( for claims 1, 2 and 4-10 sheet is 11 b+ 26 which 

is entirely within the stent; for all other claims sheet is 11 b+ 11 a+ 26) made of biocompatible 

material (col.8, lines 37-40) disposed within the stent (12) the valve having leaflets without slits 

(see fig.2; valve body disclosed as a tubular graft 11 b extension, col.9, lines 11-20). Bailey 

discloses the stent (12) to be made of the materials claimed (nitinol; col.8, lines 4-8). Bailey 

discloses the valve to be formed of biological or synthetic materials (col.8, lines 37-40). Bailey's 

valve is capable of self-expansion or balloon expansion ( col.8, lines 4-8). Bailey discloses an 

outer cuff portion (considered lla; which may be integral to llb and 26; see col.9, lines 20-24, 

"I la may be passed through to the luminal surface .. thereby becoming the inner graft 11 b"; thus 

11 a and 11 b may be continuous at a fold at the distal end of the stent). Bailey discloses the sheet 

of tissue (11 b) having first horizontal fold (inverted at 27), second parallel horizontal fold 

(material lla is folded inwardly to become llb; col.9, lines 20-24). Vertical perpendicular folds 

of sheet may be considered 29. When the sheet is considered only llb+26 (claim 1), the sheet is 

entirely within the stent. Referring to other claims (when sheet is considered I la+ 11 b+26 all 

continuous-the claims do not require the entire sheet to be within the stent, thus since portions 

11 b and 26 are within the stent they meet the claim). It is also noted that seams 29 attach the 

inner tube portion (26) to the outer tubular portion ( 11 a, 11 b ), however the seams 2 9 are not 

considered to be on leaflets, but instead inbetween them. 

In the alternative to the above rejection, claims 1-2, 4-10, 30-34, 36-48, 50-53, and 55-56 

are rejected under 35 U.S.C. 102(e) as being anticipated by Bailey et al. (US 6,458,153 Bl; 

assuming all claims receive a priority date of January 4, 2002). Bailey discloses an implantable 
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heart valve (figs.1-5 for example which discloses graft may cover full stent length, col.9, lines 

52-60) comprising an expandable stent (12 alone) and an inner flexible compressible valve (for 

claims 1, 2 and 4-10 sheet is 11 b+ 26 which is entirely within the stent; for all other claims sheet 

is I lb+ 1 la+26) made ofbiocompatible material (col.8, lines 37-40) disposed within the stent 

(12) the valve having leaflets without slits (see fig.2; valve body disclosed as a tubular graft 11 b 

extension, col.9, lines 11-20). Bailey discloses the stent (12) to be made of the materials claimed 

(nitinol; col.8, lines 4-8). Bailey discloses the valve to be formed of biological or synthetic 

materials (col.8, lines 37-40). Bailey's valve is capable of self-expansion or balloon expansion 

(col.8, lines 4-8). Bailey discloses an outer cuff portion (considered I la; which may be integral 

to 11 band 26; see col.9, lines 20-24, "I la may be passed through to the luminal surface .. thereby 

becoming the inner graft 11 b"; thus 11 a and 11 b may be continuous at a fold at the distal end of 

the stent). Bailey discloses the sheet of tissue (11 b) having first horizontal fold (inverted at 27), 

second parallel horizontal fold (material I la is folded inwardly to become 11 b; col.9, lines 20-

24). Vertical perpendicular folds of sheet may be considered 29. When the sheet is considered 

only 11 b+ 26 ( claim 1 ), the sheet is entirely within the stent. Referring to other claims ( when 

sheet is considered lla+ 11 b+26 all continuous-the claims do not require the entire sheet to be 

within the stent, thus since portions 11 b and 26 are within the stent they meet the claim). It is 

also noted that seams 29 attach the inner tube portion (26) to the outer tubular portion (11 a, 11 b ), 

however the seams 29 are not considered to be on leaflets, but instead inbetween them. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claims 34, 38, 39, 41, 43, and 48 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Bessler (US 5,855,601, cited previously). Bessler discloses the replacement 

valve substantially as claimed (see above), having at least on border fold ( on the lower part of the 

valve where the cuff 25 meets the leaflets 24) and at least one perpendicular fold (where the 

sheet is folded into a tube). Bessler also shows in fig.4, a dotted line at the upper portion of the 

cuff, which would seemingly be for demarking an upper border fold, however it is not absolute 

as one is not disclosed. It would have been obvious to one having ordinary skill in the art at the 

time the invention was made to have an upper fold on the cuff to reinforce the area that is sutured 

to the stent (at 26, 38) to prevent tearing or fringing. 

Conclusion 

Applicant's amendment necessitated the new ground( s) of rejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 3 7 

CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
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however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to CHERYL MILLER whose telephone number is (571)272-4755. 

The examiner can normally be reached on Monday-Friday 7:30am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Corrine McDermott can be reached at 571-272-4754. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Cheryl Miller/ 
Examiner, Art Unit 3738 

/Corrine M McDermott/ 
Supervisory Patent Examiner, Art Unit 3738 
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1. [8J the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel _______ ,Frame _______ , or for which a 
copy therefore is attached. 

OR 

B. [8] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: Inventors: Paniagua, lnduni, Mejia, & Lopez To: Endoluminal Technology Research, LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 022532 Frame 0213 or for which a copy thereof is attached. 

2. From: (Merger) Endoluminal Technology Research, L To: Endoluminal Technology LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 022532 Frame 0275 or for which a copy thereof is attached. 

3. From: Inventor: R. David Fish To: Endoluminal Technology LLC 

The document was recorded in the United States Patent and Trademark Office at 

Reel 022899 Frame 0819 or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

[8J As required by 37 CFR 3. 73(b )(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Mark L. Yaskanin/ 

Signature 

Mark L. Yaskanin 

Printed or Typed Name 

19 April 2010 

Date 

Patent Attorney 

Title 
This collection of information is required by 37 CFR 3.73(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 and 1.14. This collection is estimated to take 12 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: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 650 of 1441



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. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

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 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. 

9. 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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Electronic Acknowledgement Receipt 

EFSID: 7436605 

Application Number: 10887688 

International Application Number: 

Confirmation Number: 4909 

Title of Invention: 
Percutaneously implantable replacement heart valve device and method of 
making same 

First Named Inventor/Applicant Name: David Paniagua 

Customer Number: 54353 

Filer: Mark Lauren Yaskanin/Carol Donahue 

Filer Authorized By: Mark Lauren Yaskanin 

Attorney Docket Number: 51458.010100 

Receipt Date: 19-APR-2010 

Filing Date: 10-JUL-2004 

Time Stamp: 10:51:47 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

541083 

1 Power of Attorney Signed_POA.pdf no 1 
d0dc5a248a69396e7177455c8aaf0bff61 b9 

14d7 

Warnings: 

Information: 
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430089 

2 
Assignee showing of ownership per 37 

Statement_Under_3-73b.pdf no 2 
CFR 3.73(b). 

b5381 022b02da63ee04700c971865f5c2b6 
7e5a2 

Warnings: 

Information: 

Total Files Size (in bytes) 971172 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/887,688 07/10/2004 

23337 
HOLME ROBERTS & OWEN LLP 
1700 LINCOLN STREET, SUITE 4100 
DENVER, CO 80203 

UJ\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Viigmia 22313-1450 
"WViw.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David Paniagua 54813-10100 
CONFIRMATION NO. 4909 

POA ACCEPTANCE LETTER 

Date Mailed: 04/27/2010 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/19/2010. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/gbien-aime/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/887,688 

54353 
MANUEL VALCACEL 
c/o GREENBERG TRAURIG, P.A. 
1221 BRICKELL AVENUE 
MIAMI, FL 33131 

07/10/2004 

UJ\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Viigmia 22313-1450 
"WViw.uspto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David Paniagua 51458.010100 
CONFIRMATION NO. 4909 

POWER OF ATTORNEY NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~l!ljl!,H!l)ll 111111111111111 11111111 

Date Mailed: 04/27/2010 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 04/19/2010. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/gbien-aime/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/887,688 07/10/2004 

23337 7590 07/26/2010 

HOLME ROBERTS & OWEN LLP 
1700 LINCOLN STREET, SUITE 4100 
DENVER, CO 80203 

FIRST NAMED INVENTOR 

David Paniagua 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

54813-10100 4909 

EXAMINER 

MILLER, CHERYLL 

ART UNIT PAPER NUMBER 

3738 

NOTIFICATION DATE DELIVERY MODE 

07/26/2010 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

USPTO_Mail@hro.com 

PTOL-90A (Rev. 04/07) 
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Interview Summary 

Application No. 

10/887,688 

Examiner 

CHERYL MILLER 

All participants (applicant, applicant's representative, PTO personnel): 

Applicant(s) 

PANIAGUA ET AL. 

Art Unit 

3738 

(1) CHERYL MILLER (Examiner). (3)Dr. David Fish (Applicant). 

(2) Mark Yaskanin (Registration No.45.246). (4) __ . 

Date of Interview: 19 July 2010. 

Type: a)D Telephonic b)D Video Conference 
c)l:8J Personal [copy given to: 1 )0 applicant 2)[8J applicant's representative] 

Exhibit shown or demonstration conducted: d)[8J Yes e)D No. 
If Yes, brief description: 3-0 paper model of invention disclosed in parent application (10/037.266). 

Claim(s) discussed: Proposed new claims 57-65. 

Identification of prior art discussed: Bailey (US 6.458. 153). Garrison (US 6.425. 916). Bess/er (US 5. 855.601 ). 

Agreement with respect to the claims f)D was reached. g)O was not reached. h)[8J N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: See Continuation Sheet. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

/Cheryl Miller/ 
Examiner, Art Unit 3738 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 04-03) 

I 

Interview Summary Paper No. 20100719 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself 
incomplete through the failure to record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies 
which bear directly on the question of patentability. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction 
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordation of the following information: 
- Application Number (Series Code and Serial Number) 

Name of applicant 
Name of examiner 
Date of interview 

- Type of interview (telephonic, video-conference, or personal) 
Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.) 

- An indication whether or not an exhibit was shown or a demonstration conducted 
- An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does 
not restrict further action by the examiner to the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview 
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include at least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented to the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully 
describe those arguments which he or she feels were or might be persuasive to the examiner.) 

6) a general indication of any other pertinent matters discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an extendable one month time period to correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner's version of the 
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the date and the examiner's initials. 
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Continuation Sheet (PTOL-413) Application No. 10/887,688 

Continuation of Substance of Interview including description of the general nature of what was agreed to if an 
agreement was reached, or any other comments: Newly proposed claims were presented. The claims appear to 
overcome Bessler. Claim 57's last clause using "only" (or sole elemenUcomponent) appears to overcome Bailey due 
to the valve struts 24 used by Bailey in the figures for a specific purpose of support. The examiner will have to read 
Bailey in more depth to see if there is disclosure to an embodiment of use without valve struts 24. The Examiners 
interpretation of the Garrison reference was discussed. If applicant were to require in the claims the leaflet layer to be 
inside/within cuff layer lumen in the deployed configuration or possessing a double layer construct in the deployed 
configuration, this would seemingly overcome Garrison. The majority of the claims seem to receive the priority date of 
the parent application. Claim 63 having sutures attaching the two layers to one another and the concept of the sutures 
through the inner leaflet layer was discussed. The specification does not appear to clearly disclose sutures through the 
inner leaflet layer, however they may need to be present to function and have the structure of the shown embodiment 
of figure 3b, and 5. This will be further considered in the future. Applicant plans to file an RCE which will be 
considered at that point in time. 
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Doc code: RCEX PTOISB/30EFS (07-09) 

Doc description: Request for Continued Examination {RCE) Approved for use through 0713112012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduct.ion Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL 
(Submitted Only via EFS-Web) 

Application 
10887688 I 

Filing I 2004-07-10 
Docket Number 

54813-10100 I ~it I 3738 Number Date (if applicable) 

First Named 
David PANIAGUA 

Examiner 
Cheryl L. MILLER 

Inventor Name 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any design application. The Instruction Sheet for this form is localed at WWW.USPTO.GOV 

SUBMISSION REQUIRED UNDER 37 CFR 1.114 

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order 
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendmenl(s) 
entered, applicant must request non-entry of such amendmenl(s). 

□ 
Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a 
submission even if this box is not checked. 

D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

D Other 

~ Enclosed 

~ Amendment/Reply 

~ Information Disclosure Statement (IDS) 

□ Affidavil(s)/ Declaration(s) 

□ Other 

MISCELLANEOUS 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months 
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

□ Other 

FEES 

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 
~ The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to 

Deposit Account No 082665 

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 

~ Patent Practitioner Signature 

□ Applicant Signature 

EFS - Web 2.1.15 
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Doc code: RCEX PTOISB/30EFS (07-09) 

Doc description: Request for Continued Examination {RCE) Approved for use through 0713112012. 0MB 0651-0031 

Signature 

Name 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduct.ion Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Signature of Registered U.S. Patent Practitioner 

/Mark L. Yaskanin/ Date (YYYY-MM-DD} 2010-08-02 

Mark L. Yaskanin Registration Number 45246 

This collection of information is required by 37 CFR 1.114. 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 12 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 lime 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. 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

EFS - Web 2.1.15 
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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 the Freedom of Information Act requires disclosure of these records. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

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 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. 

9. 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 PTO becomes aware of a violation or potential violation of law or regulation. 
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PTO/SB/22 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARMENT 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 0MB control number. 

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

FY 2009 

Docket Number (Optional) 

54813-10100 
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) 

Application Number 10887688 Filed 2010-07-10 

For Percutaneously Implantable Replacement Heart Valve Device and Method of Making Same 

Art Unit 3738 ExaminerCheryl L. MILLER 

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): 

0 

□ 
0 

Fee Small Entity Fee 

□ One month (37 CFR 1.17(a)(1)) $130 $65 

0 Two months (37 CFR 1.17(a)(2)) $490 $245 

□ Three months (37 CFR 1.17(a)(3)) $1110 $555 

□ Four months (37 CFR 1.17(a)(4 )) $1730 $865 

□ Five months (37 CFR 1.17(a)(5)) $2350 $1175 

Applicant claims small entity status. See 37 CFR 1.27. 

A check in the amount of the fee is enclosed. 

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

$ 

$ 245.00 

$ 

$ 

$ 

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

0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number ...;;0....;;8.;;;;;2..;;.6..;;.6.;;;..5 ______ _ 

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. 

I am the D applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 3.71. 
Statement under 37 CFR 3.73(b) is enclosed (Form PTO/SB/96). 

attorney or agent of record. Registration Number_0_8_2_6_6_5 ______ _ 

attorney or agent under 37 CFR 1.34. 
Registration number if acting under 37 CFR 1.34 ________ _ 

/Mark L. Yaskanin/ 2010-08-02 

Signature Date 

Mark L. Yaskanin 303.861.7000 

Typed or printed name Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one 
signature is required, see below. 

0 Total of 1 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: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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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. 

2. 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. 

3. 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. 

4. 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 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. 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. 

6. 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)). 

7. 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. 

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 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. 

9. 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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Doc code: IDS PTOISBI0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 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 contains a valid 0MB control number. 

Application Number 10887688 

Filing Date 2004-07-10 

INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial• No 
Patent Number Code1 Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial• 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20050169958 2005-08-04 Hunter et al. 

2 20050169959 2005-08-04 Hunter et al. 

3 20050175657 2005-08-11 Hunter et al. 

4 20050187618 2005-08-25 Gabbay 

5 20050191248 2005-09-01 Hunter et al. 
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Application Number 10887688 

Filing Date 2004-07-10 
INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

6 20050246035 2005-11-03 Wolfinbarger, Jr. et al. 

7 20050247320 2005-11-10 Stack et al. 

8 20050267529 2005-12-01 Crockett et al. 

9 20060004443 2006-01-05 Liddicoat et al. 

10 20060020336 2006-01-26 Liddicoat 

11 20060025800 2006-02-02 Suresh 

12 20060041306 2006-02-23 Vidlund et al. 

13 20060074486 2006-04-06 Liddicoat et al. 

14 20060111733 2006-05-25 Shriver 

15 20060129225 2006-06-15 Kopia et al. 

16 20060140916 2006-06-29 Siani-Rose et al. 
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Application Number 10887688 

Filing Date 2004-07-10 
INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

17 20060195010 2006-08-31 Amal et al. 

18 20060240063 2006-10-26 Hunter et al. 

19 20060240064 2006-10-26 Hunter et al. 

20 20060265056 2006-11-23 Nguyen et al. 

21 20060287571 2006-12-21 Gozzi et al. 

22 20060292125 2006-12-28 Kellar et al. 

23 20070010857 2007-01-11 Sugimoto et al. 

24 20070050022 2007-03-01 Vidlund et al. 

25 20070060932 2007-03-15 Stack et al. 

26 20070128174 2007-06-07 Kleinsek et al. 

27 20070173861 2007-07-26 Strommer et al. 
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Filing Date 2004-07-10 
INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

28 20070263226 2007-11-15 Kurtz et al. 

29 20070276432 2007-11-29 Stack et al. 

30 20080009667 2008-01-10 Longhini et al. 

31 20080009940 2008-01-10 Cribier 

32 20080029105 2008-02-07 Stevens et al. 

33 20080039871 2008-02-14 Wallace et al. 

34 20080039926 2008-02-14 Majercak et al. 

35 20080058798 2008-03-06 Wallace et al. 

36 20080082113 2008-04-03 Bishop et al. 

37 20080133004 2008-06-05 White 
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INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

39 20080195200 2008-08-14 Vidlund et al. 

40 20080190989 2008-08-14 Crews et al. 

41 20090030511 2009-01-29 Paniagua et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 
FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial• No NumberJ Code2 i Code4 Date 

Document 
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If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 
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Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 
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If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
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•EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
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Filing Date 2004-07-10 
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STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 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. 
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Application Number 10887688 

Filing Date 2004-07-10 
INFORMATION DISCLOSURE First Named Inventor I David PANIAGUA 
STATEMENT BY APPLICANT 

Art Unit 3738 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Cheryl L. MILLER 

Attorney Docket Number 54813-10100 

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 
D 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 

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

D See attached certification statement. 

D Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

~ None 
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) 2010-08-02 

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 US PTO. 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 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 the Freedom of Information Act requires disclosure of these records. 

2. 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. 

3. 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. 

4. 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). 

5. 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. 

6. 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)). 

7. 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. 

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 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. 

9. 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 PTO becomes aware of a violation or potential violation of law or regulation. 
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PCT' WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC1) 

(51) International Patent Oassification 5 : (11) International Publication Number: WO 91/17720 

A61F 2/24, A61M 25/10 Al 
(43) International Publication Date: 28 November 1991 (28.11.91) 

(21) International Application Number: PCT/DK91/00134 

(22) International Filing Date: 16 May 1991 (16.05.91) 

(30) Priority data: 
1246/90 18 May 1990 (18.05.90) DK 

(71X72) Applicants and Inventors: ANDERSEN, Henning, Rud 
[DK/DK]; Dalvangen 37A, DK-8270 Hoejbjerg (DK). 
HASENKAM, John, Michael [DK/DK]; Aprilvej 8, 
DK-8210 Aarhus V (DK). KNUDSEN, Lars, Lyhne 
[DK/DK]; Rudolf Wulffsgade 6, 4.mf, DK-8000 Aarhus 
C (DK). 

(74) Agent: LEHMANN & REE; Grundtvigsvej 37, DK-1864 
Frederiksberg C (DK). 

(81) Designated States: AT (European patent), AU, BE (Euro­
pean patent), CA, CH (European patent), DE (Euro­
pean patent), DK (European patent), ES (European pa­
tent), Fl, FR (European patent), GB (European patent), 
GR (European patent), IT (European patent), JP, LU 
(European patent), NL (European patent), NO, SE (Eu­
ropean patent), US. 

Published 
With international search report. 
In English translation (filed in Danish). 

(54)Title: A VALVE PROSTHESIS FOR IMPLANTATION IN THE BODY AND A CATHETER FOR IMPLANTATING 
SUCH VAL VE PROSTHESIS 

5 18 

3 

(57) Abstract 

A valve prosthesis (9) for implantation in the body by use of catheter (1 l) comprises a stent made from an expandable cyl­
inder-shaped thread structure (2, 3) comprising several spaced apices (4). The elastically collapsible valve (6) is mounted on the 
stent as the commissural points (5) of the valve (6) is secured to the projecting apices (4). The valve prosthesis (9) can be com­
pressed around the balloon means (13) of the balloon catheter (II) and be inserted in a channel, for instance in the aorta (10). 
When the valve prosthesis is placed correctly the balloon means (13) is inflated thereby expanding the stent and wedging it 
against the wall of aorta. The balloon means is provided with beads (14) to ensure a steady fastening of the valve prosthesis on 
the balloon means during insertion and expansion. The valve prosthesis (9) and the balloon catheter (11) make it possible to in­
sert a cardiac valve prosthesis without a surgical operation comprising opening the thoracic cavity. 
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Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 
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WO 91/17720 PCT/DK91/00134 

1 

A VALVE PROSTHESIS FOR IMPLANTATION IN THE BODY AND A CATHETER FOR IM­
PLANTATING SUCH VALVE PROSTHESIS. 
Background of the Invention. 
The present invention relates to a valve prosthesis, preferably a car-

5 diac valve prosthesis, for implantation in the body by means of a 
technique of catheterization and of the type comprising a collapsible 
elastical valve which is mounted on an elastical stent. 

Valve prostheses of this type are usually implanted in one of the 
10 channels of the body to replace a natural valve. In the present de­

scription the invention will be explained in connection with an cardi­
ac valve prosthesis for imp l an tat ion in aorta. However, it will be 
possible to use a valve prosthesis according to the invention in con­
nection with implantation in other channels in the body by using the 

15 same technique as the one used for implantation of cardiac valve pro-
sthesis. Such an implantation may e.g. comprise the implantation of: 
1. a valve (for instance a cardiac valve) in the veins, 
2. a valve in the oesophagus and at the stomach, 
3. a valve in the ureter and/or the vesica, 

20 4. a valve in the biliary passages, 
/ 

lymphatic system, 5. a valve in the and 
6. a valve in the intestines. 

An existing natural valve in the body is traditionally replaced with a 
25 valve prosthesis by a surgical implantation. However, a surgical im­

plantation is often an exacting operation. Thus, today the implanta­
tion of cardiac valves are solely made by surgical technique where the 
choracic cavity is opened. The operation calls for the use of a heart 
and lung machine for extern circulation of the blood as the heart is 

30 stopped and opened during the surgical intervention and the artificial 
cardiac valves are subsequently sewed in. 

Due to its exacting character it is impossible to offer such operation 
to certain people. For instance this is due to the fact that the per-

35 son is physically weak because of age or illness. Moreover, the number 
of heart and lung machines available at a hospital will be a substan­
tially limiting factor. 

Cardiac valve prostheses that need no surgical intervention are known 
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2 

as there are used for implantation by means of a technique of cathete­
rization. Examples of such valve prostheses are described in US Patent 
specifications Nos. 3,671,979 and 4,056,854. However, both these valve 
prostheses are connected to means which lead to the surface of the pa-

5 tient either for a subsequent activation of the valve or for a subse­
quent reposition or removal of the valve prosthesis. With these valve 
prostheses it is impossible to make an implantation which makes it 

possible for the patient to resume a substantially normal life in the 
same way as it is possible in connection with a surgical implantation 

10 of a cardiac valve. 

From US Patent specification No. 3,755,823 an elastic stent for a car­
diac valve prosthesis is known. However, this valve prosthesis is not 
designed for implantation in the body by catheterization. Even though 

15 the Patent specification contains no detailed explanation the descrip­
tion indicates that this valve prosthesis is designed for implantation 
and sewering on by a surgical intervention. 

Moreover, from the US Patent specifications Nos. 4,856,516 and 
20 4,733,665 different shapes of expandable stents are known. These 

stents are made to be expanded by impression of a radially outward 
force coming from a ba 11 oon catheter or the like. These stents are 
made to reinforce the wall when there is a risk that the channel is 
closed and/or compressed. 

25 

It is the object of the present invention to provide a valve prosthe­
sis of the type mentioned in the introductory part, which permits im­
plantation without surgical intervention in the body and by using a 
catheter technique known per se and which makes it possible for the 

30 patient to resume a substantially normal life. 

This is achieved according to the invention with a valve prosthesis of 
the type mentioned in the introductory part, which is characterized in 
that the stent is made from an expandable cylindrical support means 

35 and that the commissural points of the elastical collapsible valve are 
mounted on the cylinder surface of the support means for folding and 
expanding together with the cylindrical support means. 

The collapsible elastic valve is mounted on the stent for instance by 

r 
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gluing, welding or by means of a number of suitable sutures. 

If the support means are made from a thread structure this can for in­
stance be grate shaped, loop shaped or helical. This makes is possible 

5 to compress the stent and the co 11 aps i bl e valve mounted thereon for 
placing on the insertion catheter. The use of a non-self-expandable 
stent may e.g. be effected by a compression of the stent around the 
expansion arrangement of the catheter which preferably consists of a 
balloon. When using a self-expandable stent a catheter with an expan-

10 sion arrangement is not used. In this case the stent is compressed and 
is inserted into an insertion or protection cap from which the stent 
is eliminated after implantation in order to obtain an expansion due 
to the stresses in the compressed support means which for instance may 
be made from plastics or metal. After the compression the entire outer 

15 dimension is relatively small which makes it possible to introduce the 
valve prosthesis through a channel in the body. 

When the valve prosthesis is introduced and placed correctly the stent 
is expanded by self-expansion or by means of the expansion arrangement 

20 until the stent is given an outer dimension which is slightly larger 
than the channel in which it is placed. As the stent is elastic a con­
traction of the stent is prevented once it is expanded. The stiffness 
in the material of the support means contributes to maintain the ex­
panded shape of the stent. After the expansion is made the expansion 

25 arrangement of the catheter is contracted and the catheter can be re­
moved from the channel. The inlet opening can subsequently be closed 
and the patient will then be able to resume a normal life. 

The valve prosthesis according to the invention does not require an 
30 actual operation but merely a small intervention to optionally expose 

the body channel, e.g. a vein, through which the insertion takes pla­
ce. Thus patients for whom operation will be associated with high risk 
can be offered implantation of for instance cardiac valves. After the 
implantation has taken pl ace the after-treatment wi 11 advantageously 

35 be shorter than normally which means fewer hospital days for the pa­
tient. Moreover, it is assumed that it will be possible to implantate 
the valve prosthesis under local anaesthetic. 

The valve prosthesis can be used to replace a natural valve or to 
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establish a new valve function in one of the channels in the body 
which do not naturally contain a valve. For instance this goes for 
veins (arteries and veins) on a place without natural valves. The 
function of the valve prosthesis is then to ensure that the blood 

5 flows in one direction only. The valve is meant to be used in veins in 
the legs of persons suffering from varicose veins (varices). 

In persons having varicose veins the blood flows in a wrong direction, 
viz. from the central veins in the centre of the leg towards the su-

10 perficial veins. Among other things this is due to the changed pres­
sure in the legs, upright working position and other conditions. A 
valve prosthesis according to the invention may easily be placed in 
the veins and prevent the flow of the blood in wrong direction. 

15 Al so, the valve prosthesis can be used in connect ion with diseases, 
for instance cancerous tumours, where too much humour is produced. If 
the humour is able to flow from the cancerous tumour through several 
channels it is possible to drain the humour in one desired direction 
through the channels of the body by an appropriate placing of the val-

20 ve prostheses. 

When the valve prosthesis is used as cardiac valve prosthesis in the 
aorta it is possible to mount it in three positions, viz. in the des­
cending part of the aorta, in a position between the coronary arteries 

25 and the left ventricle of the heart or in the aorta in a position im­
mediately after the mouth of the coronary arteries. 

The cardiac valve prosthesis can also be used in other places than in 
the aorta. Thus the valve prosthesis can be used in the pulmonary ar-

30 tery and/or the right ventricle of the heart for replacing the pulmo­
nary valves. Likewise the cardiac valve prosthesis can be used in the 
passage between the right auricle of the heart and the right ventricle 
of the heart (tricuspidalostium) and the passage between the left au­
ricle of the heart and the left ventricle of the heart (mistralostium) 

35 for replacing the tricuspidal valve and the mitral valve, respectively. 

Even though the cardiac valve preferably is meant to be used for pa­
tients suffering from aorta insufficiency and who can not be offered 
an open heart surgery the valve prosthesis can also be used for pa-

II 
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tients in connection with treatment of aorta stenosis. Several of the 
patients with aorta stenosis are elderly people who can not be offered 
a surgical cardiac operation. The patients are offered balloon dilata­
tion of the aorta stenosis which may result in an aorta insufficiency 

5 as a side effect of the treatment. 

As to these patients it is possible to insert a valve prosthesis in 
the descending or ascending part of the aorta thoracalis a few days or 
weeks before the balloon dilatation. As a result thereof the left ven-

10 tricle is protected against weight if the subsequent balloon dilata­
tion of the stenosis results in aorta insufficiency. In certain cases 
the weight (reflux) on the left ventricle is reduced by up to approxi­
mately 75%. 

15 Furthermore, the stent may be made with a relatively great height and 
with a cylinder surface which is closed by a suitable material. Thus, 
a vascular prosthesis known per se is formed wherein the valve is 
mounted. This may facilitate the implantation of the valve prosthesis, 
for instance in the arcus aorta. Moreover, the great surface which 

20 abuts the inner wall of the channel contributes to ensure the securing 
of the valve prosthesis in the channel. This embodiment is also suit­
able as valve prosthesis which is inserted in veins. As veins have 
relatively thin and weaker walls than arteries it is desirable that 
the valve prosthesis has a greater surface to distribute the outward 

25 pressure which is necessary to secure the valve prosthesis. 

Moreover, the invention relates to a balloon catheter for implantating 
a valve prosthesis according to the invention and comprising a channel 
for injection of a fluid for the inflation of the balloon means of the 

30 catheter and an insertion cap wherein the balloon means of the cathe­
ter and a col 1 aps i bl e valve prosthesis mounted thereon are 1 ocated 
during the injection, characterized in that the balloon means are pro­
vided with a profiled surface which is made to ensure a steady fasten­
ing of the valve prosthesis during the elimination of the balloon 

35 means from the protection cap and the subsequent inflation for the ex­
pansion of the stent. 

Different ba 11 oon catheters for imp 1 an tat i ng cores in the body are 
known. For instance such balloon catheters are known from US Patent 
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specifications Nos. 4,856,516, 4,733,665 and 4,796,629 and from DE 
publication No. 2,246,526. However, the known balloon catheters have a 
smooth or a slightly wavy surface. The use of such balloon catheter is 
disadvatageous for mounting a valve prosthesis in a channel having a 
large flow as for instance the aorta. A large humour flow is able to 
displace the stent on the smooth surface of the balloon and makes an 
accurate positioning difficult. This drawback has been remedied with 
the balloon catheter according to the present invention as the profil­
ed surface prevent a displacement of the valve prosthesis in relation 

10 to the balloon means during introduction and the subsequent inflation 
of the balloon means. 

In connection with the implantation any prior art technique may be 
used to supervise an accurate introduction and positioning of the val-

15 ve prosthesis. Thus, guide wires for the catheter, X-ray supervision, 
injection of X-ray tracable liquids, ultrasonic measuring etc. may be 
used. 

20 

25 

30 

Description of the Drawings. 

The invention will now be explained in details with reference to the 
accompanying schematical drawing, wherein 

Fig. 1 
Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5-7 

Fig. 8-10 

shows a perspective view of a stent without a valve, 
a perspective view of a valve prosthesis according to the 
invention made from the stent shown in Fig. l having a bio­
logical valve mounted thereon, 
a partiel view through the aorta illustrating a partially 
inflated balloon catheter, 
a cross section through the embodiment shown in Fig. 9, 
views illustrating the introduction and implantation of a 
valve prosthesis of the invention in the aorta, 
views illustrating three possible positions of a cardiac 
valve prosthesis, and 

35 Fig. 11-12 perspective views illustrating two further embodiments of 
a valve prosthesis having a closed cylindrical wall. 

Fig. l shows a stent 1 made by support means in the form of two 0,55 
mm surgical stainless steel wires 2,3. The wires are folded in 15 
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loops. Three loops 4 are 14 mm in height and intended to secure the 
commissural points 5 {see Fig. 2) from a biological cardiac valve 6 
which is mounted in the stent 1. The remaining loops have a height of 
8 mm. Each of the two folded wires 2,3 was bended to form rings 7,8 

5 which were closed by welding the ends. The two rings are place on the 
top of each other as will appear from Fig. 1 and they are mutually 
secured by means of a number of sutures {not shown). By using a sub­
stantially cylindrical thread structure with projecting apices a re­
duction in weight is obtained compared to a stent which is exclusively 

10 cylindrical with the same loop heights for all the loops. 

The biological valve 6 was removed from a slaughtered pig of 100 kg. 
The valve was cleaned before mounting in the stent 1. The cleaned val­
ve has an outer diameter of 25-27 mm and the height of the three com-

15 mi ssural points 5 is 8 mm. The valve 6 is mounted in the stent by 
means of a suitable number of sutures to form the cardiac valve pro­
sthesis 9 shown in Fig. 2. The valve prosthesis produced is used for 
performing tests in pigs by implantation of cardiac valve prosthesis. 
However, the cardiac valve prosthesis for use in human beings has a 

20 corresponding form. 

Fig. 3 shows a partiel view through the aorta 10. A balloon catheter 
11 is introduced in the aorta according to the direction of an arrow 
12. In the Figure shown the balloon means 13 of the balloon catheter 

25 is led out of the protection cap llA and is partly inflated through a 
fluid channel 15, which is led to the surface of the patient. The bal­
loon means 13 constitutes a tri-sectional balloon upon which the car­
diac valve prosthesis is placed. In the form shown the cardiac valve 
prosthesis is expanded exactly to be in contact with the aorta 10. The 

30 balloon means 13 is provided with three projecting beads 14 which are 
engaged with the one side of the cardiac valve prosthesis 9. The blood 
flowing through the aorta according to the direction of an arrow 16 
will thus cause the cardiac valve prosthesis 9 to abut on the beads 14 
and the valve cannot be displaced in relation to the balloon means 13. 

35 Moreover, the balloon catheter used comprises a central channel 17 to 
receive a guide wire 18 which is used in a way known per se for super­
vising the introduction of the catheter through fl uoroscopi. In the 
shown embodiment beads 14 are only used at one side of the valve pro­
sthesis, but, however, it will often be desirable to use the beads in 
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pairs placed along lines parallel to the longitudinal axes 19 through 
the balloon means 13. In this case the spacing of the pair of beads 14 
will correspond to the height of the loops of the stent. This makes it 
possible to make an effective fastening of a valve prosthesis on bal-

5 loon means. Moreover, the fastening on the balloon means may be provi­
ded by using balloon means with an indentation in the surface ( not 

shown). 

Fig. 4 shows a cross section through the embodiment shown in Fig. 3 
10 illustrating the placing of the beads 14 on the tri-sectional balloon 

means 13. 

A balloon catheter of the above described type which was used in tests 
of implantating the cardiac valve prosthesis 9 in pigs had the follow-

15 ing dimensions. Each of the three balloons is 60 mm in length and 15 
mm in diameter. The total diameter for the three inflated balloons is 
31 mm and in the balloon catheter used two beads 14 having a height of 
3 mm are mounted on each side of the three balloons. The beads have a 
spacing of 15 mm. The protection cap llA of the balloon catheter has 

20 an outer diameter of 13.6 mm and an inner diameter of 12.5 mm and a 
length of 75 cm. The balloon catheter is provided with a standard gui­
de wire having a diameter of 0.9 mm and a length of 300 cm. 

Figs. 5-7 show the valve prosthesis 9 at different steps in introduc-
25 ing and implantating in the aorta 10 by means of the catheter 11 hav­

ing the inflatable balloon means 13. The cardiac valve prosthesis 9 is 
initially placed above the deflated balloon means 13 and compressed 
manually around the balloon means (Fig. 5), whereafter the outer dia­
meter for the valve prosthesis is approximately 10 mm. After the in-

30 troduction and positioning the balloon means 13 is inflated (Fig. 6) 
thereby contributing an outer dimension of approximately 30 mm to the 
cardiac valve prosthesis. To obtain an effective fastening in the aor­
ta the outer dimension of the cardiac valve prosthesis is greater than 
the diameter of the aorta. This means that the prosthesis is tight 

35 against the inner wall of the aorta with a pressure which is suffi­
ciently large to counteract a detachment due to the flow of the blood. 
The balloon catheter 11 may subsequently be removed from the aorta 10 
(Fig. 7). Due to the stiffness of the metal the valve prosthesis will 
prevent a contraction. However, smaller contractions may occur (<10% 

.. 
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diameter reduction) after the deflation and removal of the ba 11 oon 
catheter 13. When the valve prosthesis is mounted as showed in Fig. 7 
the patient will be able to resume a substantially normal life after a 
few days. 

Figs. 8-10 show the positioning of the valve prosthesis 9 as cardiac 
valve prosthesis in the aorta 10 in three different positions. In a 
position between the coronary arteries 20 and the left ventricle of 
the heart 21 (Fig. 8). In a position immediately after the mouth of 

10 the coronary arteries in the ascending part of the aorta (Fig. 9). In 
a position in the descending part of the aorta 10. The positioning of 
the valve prosthesis is chosen in accordance with the diagnose of the 
illness of the patient. By placing the cardiac valve prosthesis as 
shown in Fig. 8 there is a risk of detachment and/or covering the 

15 mouth of the coronay arteries, and therefore it is preferred to use a 
higher stent which for instance comprises several rings 7,8 placed on 
top of each other. This allows a fixation of the prosthesis at a place 
after the mouth of coronary arteries even though the valve itself is 
in the position between the coronary arteries and the left ventricle. 

20 Fig. 8 and 9 show how a contrast medium 23 is injected by means of a 
so-called pigtail catheter for registration of the tightness of the 
implantated valve prosthesis 9. 

A specific embodiment for a valve prosthesis and a ba 11 oon catheter 
25 for implantating the valve prosthesis has been explained above. How­

ever, it is obvious that it is possible to modify the valve prosthesis 
depending on the desired use, and moreover, it is possible to modify 
the catheter used in the implantation. Thus the stent of the valve 
prosthesis may be made solely of one closed ring folded in a number of 

30 loops or with three or more mutually secured loop-shaped rings placed 
on top of each other. Moreover, it is possible to make the stent hav­
ing a thread structure which in stead of loops is grate shaped, heli­
cal or is formed otherwise if only it is ensured that the form of the 
stent permits the compression and expansion of the stent and fastening 

35 of the collapsible valve. In stead of a biological valve it might be 
possible to use other collapsible valves, such as valves made from 
synthetic materials, e.g. polyurethane. It is al so possible to use 
valves with more or fewer flaps than three. 
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It is possible to make the valve prosthesis with a closed cylinder 
surface as illustrated in Figs. 11 and 12. In both Figures the support 
means of the valve prosthesis is made of an elongated tubular means 24 
having a closed cylinder surface. This valve prosthesis is intended to 

5 expand by self-expansion or by means of a catheter according to the 
invention. This prosthesis is especially suitable for placing in veins 
and other channels where only a small pressure is exerted against the 
wall of the channel. In Fig. 11 the valve 6 is mounted at the end of 
the tubular means 24. In Fig. 12 an embodiment is showed where the 

10 valve 6 is mounted in a central position in the tubular means 24. 

An explanation of a method of implantating a valve prosthesis accord­
ing to the invention is given below: 

15 - a valve prosthesis 9 made of a stent 1 and a collapsible valve 6, as 
described above, 
- the valve prosthesis 9 is placed on a deflated balloon means and is 
manually compressed thereon, 
- the balloon means 13 and the valve prosthesis are drawn into an in-

20 sertion cover llA, 
- a guide wire 18 is inserted into the left ventricle of the heart 
through the centra 1 opening 17 of the ba 11 oon catheter under cont i -
nuous fluoroscopi, 
- the insertion cover 18 conveys the guide wire 18 to a point in the 

25 channel in immediate vicinity of the desired position of the valve 
prosthesis, 
- the balloon means 13 is pushed out of the protection cap llA and the 
valve prosthesis is positioned in the desired position if necessary by 
use of further registration means to ensure an accurate positioning, 

30 - the balloon means 13 is inflated with a certain overstretching of 
the channel, 
- the balloon means 13 is deflatated, and 
- the balloon means 13, the guide wire 18 and the protection cap 11A 
are drawn out and the opening in the channel, if any, wherein the val­

35 ve prosthesis is inserted can be closed. 

.. 
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CLAIMS. 

1. A valve prosthesis, preferably a cardiac valve prosthesis, for im­
plantation in the body by means of a technique of catheterization and 

5 of the type comprising a collapsible elastical valve which is mounted 
on an elastical stent, ch a r act er i zed in that the stent is 
made from an expandable cylindrical support means and that the commis­
sural points of the elastical collapsible valve are mounted on the cy­
linder surface of the support means for folding and expanding together 

10 with the cylindrical support means. 

2. A valve prosthesis according to claim 1, ch a r act er i zed 
in that the support means is made of a thread structure. 

15 3. A valve prosthesis according to claim 2, ch a r act er i zed 
in that the thread structure comprises several spaced apices project­
ing from the one side of the cylindrical structure and in direction 
along the longitudinal axis of the cylinder and that the commissural 
points of the valve are attached to the projecting apices. 

20 

4. A valve prosthesis according to claim 3, ch a r act er i zed 
in that the elastically collapsible valve is a biological trilobate 
valve. 

25 5. A valve prosthesis according to claim 4, ch a r act er i zed 
in that the stent is made from a stainless steel wire folded in a num­
ber of loops and bended according to a circle and welded to form a 
closed ring, that the stent comprises two or more such closed rings 
which are mutually connected end to end to form the cylindrical thread 

30 structure, that three of the loops in the external ring are folded 
with a greater height than the remaining loops to form the apices to 
which the commissural points of the biological valve are attached. 

6. A valve prosthesis according to claim 5, ch a r act er i zed 
35 in that each of the rings of the stent is made from a wire having a 

diameter of 0.55 mm and a loop height of approximately 8 mm and appro­
ximately 14 mm for the three greater loops, and that the cylindrical 
thread structure produced and the collapsible valve mounted thereon in 
a folded state have an outer diameter of approximately 10 mm and in 
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expanded state an outer diameter of approximately 30 mm. 

7. A valve prosthesis according to claim 5, ch a r act er i zed 
in that three or more mutually attached rings placed on top of each 

5 other are used and that the stent is made to be fixed through the ex­
pansion at one point in the channel where the valve prosthesis is in­
serted, which point is different from the point where the valve is 
mounted in the stent. 

IO 8. A valve prosthesis according to any of the preceding claims, 
ch a r act er i zed in that the cylinder surface of the support 
means is closed to form a tubular element. 

9. A balloon catheter for use in implantating a valve prosthesis ac-
15 cording to any of the preceding claims and comprising a channel for 

injection of a fluid for the inflation of the balloon means of the 
catheter and an insertion cap wherein the balloon means of the cathe­
ter and a collapsible valve prosthesis mounted thereon are located 
during the injection, c h a r a c t e r i z e d in that the balloon 

20 means are provided with a profiled surface which is made to ensure a 
steady fastening of the valve prosthesis during the elimination of the 
balloon means from the protection cap and the subsequent inflation for 
expanding the stent. 

25 IO. A balloon catheter according to claim 9, ch a r act er i zed 
in that the profiling of the surface is made by beads or buds on the 
surface of the balloon means. 

11. A balloon catheter according to claim 10, ch a r act er i zed 
30 in that the beads are placed in pairs in a number from four to eight 

along lines parallel with the longitudinal axis of the balloon means 
and with a spacing corresponding to the height of the stent used. 

35 

12. A balloon catheter according to claim 9, ch a r act er i zed 
in that the profiling of the surface is made by an indentation which 
is formed in the surface of the balloon means with an extension corre­
sponding to the height of the stent used. 
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anchoring balloon catheter (24) fixatable across the aortic valve, a j 
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METHOD AND APPARATUS FOR IN VIVO 

HEART VALVE DECALCIFICATION 

FIELD OF THE INVENTION 

The invention relates to a method and apparatus 

for removing, in vivo, calcified deposits from heart 

valves. 

BACKGROUND OF THE INVENTION 

Calcific aortic stenosis (i.e., the buildup of 

calcified deposits on the superior surface of the 

aortic heart valve) accounts for a large percentage 

of aortic stenosis cases. This condition is 

characterized by the buildup of calcified nodules on 
the upper or superior surface of the aortic valve 

leaflets. These nodules decrease the flexibility of 

the leaflets, thereby limiting their mobility and 

capacity to fully open to permit adequate blood flow. 

Absent anatomic correction, advanced aortic stenosis 

carries a poor prognosis. 

Three techniques have been employed to correct 

aortic stenosis: valve replacement, intraoperative 

decalcification (debridement) of the heart valve, and 

balloon valvuloplasty. 

Valve replacement during open heart surgery is 

currently standard therapy for symptomatic aortic 

stenosis. Ten year survival rates for isolated aortic 

valve replacement are generally very good, even in 

elderly patients. However, this technique requires 
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that the patient be healthy enough to undergo open 

heart surgery. The operative mortality for this 

procedure, particularly among the elderly, is also 

significant--variously reported at between about 5% 

and 12%. In addition, a patient receiving a 

replacement valve typically must take anticoagulation 

drugs for the rest of his or her life--not all 

patients are capable of doing this. Moreover, some 

patients have an aortic root that is not large enough 

to easily accommodate conventional replacement 

valves. Thus, there are a significant number of 

patients for whom valve replacement is either 

impossible, impractical, or undesirable. 

Intraoperative mechanical debridement 

(decalcification) of the aortic valve to treat aortic 

stenosis was successfully used for many years prior to 

the advent of mechanical replacement valves. In this 

technique, the aorta is entered surgically (as in a 

valve replacement procedure) but rather than replace 

the valve the surgeon manually removes the calcified 

deposits, using suitable surgical tools. The 

debridement techniques, although for some time 

completely forsaken in favor of valve replacement 

procedures, has enjoyed some recent revival, 

particularly for patients having a small aortic root 

and/or contraindications for anticoagulation therapy. 

In addition to mechanical tools, recently ultrasonic 

debridement has also been demonstrated to be effective 

to remove calcific deposits. Nevertheless, these 

techniques still require the patient to be healthy 

enough to survive and recuperate from thoracic 

surgery, and involve all of the costs and risks 

attendant with such surgery. 

The third technique for correcting aortic 

stenosis involves percutaneous balloon aortic 

.. _ 

.. 

.. 
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valvuloplasty (BAV). In this procedure, an inflatable 
balloon catheter is advanced to the aortic valve and 
inflated to compress and fracture the calcified 
nodules in an attempt to increase leaflet mobility. 
Although this procedure eliminates many of the risks 
and disadvantages attendant with the preceding two 
techniques, restenosis is very common within one year, 
limiting the technique's usefulness to temporarily 
mitigating symptoms for those patients who are poor 
surgical candidates or refuse surgery. 

SUMMARY OF THE INVENTION 
The invention provides a method and apparatus 

for in vivo removal of calcified deposits from an 
aortic valve. The apparatus includes an anchoring 
balloon catheter fixatable across the aortic valve, a 
tool for removing the deposits, and attachment means 
for securing the tool with respect to the anchoring 
balloon and the aortic valve. 

The attachment means preferably includes means 
for positioning the deposit removal tool with respect 
to the anchoring balloon. In one embodiment the 
distal end of a guiding catheter is secured to the 
anchoring balloon, and positioning of the tool is 
accomplished by selectively moving the distal end of 
the guiding catheter about the anchoring balloon and 
by moving the tool around within the guiding catheter. 

One embodiment for securing the guiding catheter 
with respect to the anchoring balloon while allowing 
selective movement of the guiding catheter employs a 
circumferential band having first and second ends 
respectively attached to the anchoring balloon, with 
the distal end of the guiding catheter attached to an 
intermediate portion of the band. Positicning 
balloons are interposed between the circumferential 
band and the anchoring balloon. The positioning 
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balloons work in concert, so that as one balloon is 
inflated, the other is deflated, thereby changing the 
relative position of the intermediate portion of the 
band and the associated distal end of the guiding 
catheter. Thus, when a first of the balloons is being 
inflated (with the second balloon being simultaneously 
deflated), the distal end of the guiding catheter will 
move clockwise about the anchoring balloon, and when 
the second balloon is being inflated {with the first 
balloon being simultaneously deflated), the distal end 
of the guiding catheter will move counterclockwise 
about the anchoring balloon. 

The deposit removal tool may be positioned 
within the guiding catheter by providing a coaxial 
positioning catheter within the guiding catheter. The 
positioning catheter preferably includes an off-center 
lumen in which the elongated shaft of the removal tool 
is closely received. Thus, by rotating the 
positioning catheter within the guiding catheter, the 
position of the removal tool can be selectively 
controlled. 

The removal tool may comprise any effective 
device, including any one of a variety of rotatable 
cutting, scraping or abrading devices, an ultrasonic 
vibrations generator or a wire capable of conveying 
ultrasonic vibrations and being connected to an 
ultrasonic vibrations generator, an optical fiber 
connected to a laser outside of the body, a pair of 
electrodes connected to a high voltage source outside 
of the body, or any other suitable device. 

In a modified embodiment of the invention, the 
anchoring balloon catheter utilized in the invention 
comprises an inflatable tube that has a proximal, 
generally straight portion, and a distal, helically 
coiled portion. The turns of the helical coil may be 
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spaced from one another slightly, or successive turns 
may abut one another. Means may also be provided for 
securing the turns of the coil to one another, such as 
by providing an outer or inner skin to which the turns 
adhere. 

The method of the invention involves removing, 
in vivo, deposits from an aortic valve's superior 
surface. The method comprises the steps of advancing 
an anchoring balloon catheter through the aorta and 
positioning it across the aortic valve, inflating the 
anchoring balloon to fixate it with respect to the 
aorta and aortic valve, and then operating a deposit 
removal tool secured to the anchoring balloon to 
remove the deposits. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view in partial 

cross-section of the apparatus of the invention 
fixated in the aortic valve of a heart; 

Figure 2 is a perspective view in partial 
cross-section similar to Figure 1 with one of the 
valve leaflets removed for clarity and with the 
guiding catheter shown in a moved position; 

Figure 3 is a cross-section of Figure 1 taken 
along line 3-3 thereof; 

Figure 4 is a cross-sectional view similar to 
Figure 3 shown in a moved position; 

Figure 5 is another cross-sectional view similar 
to Figure 3 showing a second moved position; 

Figure 6 is a cross-sectional broken-away view 
of a modified embodiment of the invention; 

Figure 7 is a cross-sectional view of Figure 6 
taken along line 7-7 thereof; 

Figure 8 is a cross-sectional view of Figure 6 
taken along line 8-8 thereof; 

Figure 9 is a somewhat schematic representation 
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of another embodiment of the apparatus of the 
invention in the process of being introduced into a 
patient; 

Figure 9A is a cross-sectional view of Figure 9, 

taken along line 9A-9A thereof; 
Figure 10 is a view similar to Figure 9 after 

the guiding catheter has been introduced into the 
otherwise flaccid sheath; 

Figures lOA and lOB are cross-sectional views of 
Figure 10, taken respectively across lines lOA-lOA and 
lOB-lOB thereof; 

Figure 11 is a view similar to Figure 9 after 
the tool has been introduced into the guiding catheter; 

Figures llA, llB and llC are cross-sectional 
views of Figure 11, taken respectively across lines 
llA-llA, llB-llB and llC-llC thereof; 

Figure 12 is a view similar to Figure 9 after 
the positioning catheter has been introduced into the 
guiding catheter over the tool shaft; 

Figure 12A is a cross-sectional view of Figure 
12, taken across line 12A-12A thereof; 

Figure 13 is a perspective view of another 
modified embodiment of the invention; 

Figure 13A is a cross-sectional view, partially 
broken away, of Figure 13 taken along line 13A-13A 
thereof; 

Figure 13B is a cross-sectional view similar to 
Figure 13A shown in a moved position; 

Figure 14 is a cross-sectional view similar to 
Figure 13B showing a modified embodiment of the 
invention; 

Figure 15 is a modified embodiment of the 
invention; 

Figure lSA is a cross-sectional view of Figure 
15, taken along line lSA-lSA thereof; 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 701 of 1441



WO92/17118 PCT/US92/02599 

- 7 -

Figure 16 is yet another modified embodiment of 
the invention; 

Figure 16A is a view of the other side of the 
embodiment shown in Figure 16; 

Figure 17 is a perspective view of yet another 
embodiment of the invention; 

Figure 18 is a perspective, partially 
broken-away view of a yet one more embodiment of the 
invention; 

Figure 19 is a schematic illustration of a 
cardiopulmonary support/bypass system utilized in 
conjunction with the decalcification apparatus of the 
invention; 

Figure 20 shows a modified arrangement of the 
cardiopulmonary support system of Figure 19; 

Figure 21 shows a modified arrangement of the 
cardiopulmonary support system of Figure 19; 

Figure 22 shows a modified arrangement of the 
cardiopulmonary support system of Figure 19; 

Figure 23 shows a modified arrangement of the 
cardiopulmonary support system of Figure 19; 

Figure 24 is a cross-sectional view of an 
anchoring balloon of the invention; 

Figure 25 is a cross-sectional view of a 
modified embodiment of the anchoring balloon of the 
invention; 

Figure 26 is a cross-sectional view of another 
modified embodiment of an anchoring balloon of the 
invention; 

Figure 26A is a cross-sectional view of Figure 
26, taken along line 26A-26A thereof; 

Figure 27A is a perspective, broken-away view in 
partial cross-section showing yet another embodiment 
of the apparatus of the invention; 

Figure 27B shows the distal ends of the various 
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catheters utilized in the embodiment of Figure 27A; 
Figure 28 shows a modified version of the 

embodiment of Figure 27A; 
Figure 29 shows the embodiment of Figure 27A 

inserted into position prior to inflation of the 
anchoring balloon; 

Figure 30 shows an alternate embodiment, 
partially broken away, similar to Figure 29; 

Figure 31 shows another modified embodiment of 
the invention; 

Figures 32A and 32B show yet another modified 
embodiment of the invention; and 

Figures 33-35 show alternate deposit removal 
tools usable with the apparatus of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Figure 1 shows in perspective, partial 

cross-sectional view an anchoring balloon catheter 24 
of the invention secured in the aorta 10, with its 
distal portion 25 inserted past the leaflets 12 of the 
aortic valve. In Figure 2, a portion of the valve 
leaflets 12 in the foreground has been omitted to 
reveal better the position and shape of the distal 
portion 25 of the anchoring balloon catheter 24 and 
the deposits 15 on the superior surface 13 of the 
leaflets. In this view, it can be seen that the 
distal portion 25 of the anchoring balloon is 
preferably of a larger diameter, having a shoulder 26 
that contacts the inferior surface of the valve 
leaflets 12 to accurately and securely position the 
anchoring balloon 24, with respect to the valve 
leaflets 12, providing support to the leaflets to 
stabilize their positions and to outline the inferior 
surface of the leaflets 12 in contact with the balloon 
inflated with radiographic contrast solution. The 
anchoring balloon catheter 24 also includes a central 
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catheter 21 having preferably at least a pair of 

lumens, one 22 for passage of the anchoring balloon 

catheter 24 over a guide wire (not shown) and/or 

injection or withdrawal of fluids therethrough, and a 

second 23 for inflation of the balloon 24. 

Attachment means is provided to secure a deposit 

removal tool 40 to the inflatable anchoring balloon 

catheter 24. The attachment means may comprise a 

variety of configurations. A preferred embodiment is 

depicted in Figures 1-5. In this embodiment, the 

attachment means includes means for selectively 

positioning the deposit removal tool 40 with respect 

to the anchoring balloon 24 so that the physician can 

guide the tool 40 carefully to the calcification 

deposit 15 which is to be removed. Again, the 

preferred embodiment illustrated in Figures 1-5 shows 

a preferred mechanism for achieving this selective 

control. 

In this preferred embodiment, a circumferential 
band 60 having first and second ends 62 and 64, 

respectively, is attached to the anchoring balloon 

24. The circumferential band 60 also includes an 

intermediate portion 66, which is attached to a 

guiding catheter 42. The deposit removal tool 40 in 

turn is disposed within the guiding catheter 42. 

As mentioned above, preferably means is provided 

for selectively moving the guiding catheter 42 about 

the periphery of the anchoring balloon 24. In this 

preferred embodiment, a pair of positioning balloons 

70 and 76 are disposed between the circumferential 

band 60 and the anchoring balloon 24, each located 

adjacent the ends 62 and 64 of the circumferential 

band 60. As illustrated in Figures 3-5, the guiding 

catheter 42 can be moved about the periphery of the 

anchoring balloon 24 by selectively inflating and 
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deflating the positioning balloons 70 and 76. 
In Figure 3, both of the positioning balloons 70 

and 76 are partially inflated, and the guiding 
catheter 42 is in a generally central position. In 
Figure 4, one of the positioning balloons 70 has been 
fully inflated and the other positioning balloon 76 
deflated, causing the guiding catheter 42 to have 
moved to its most clockwise location. In Figure 5, 
the first positioning balloon 70 is fully deflated, 
and the second positioning balloon 76 is fully 
inflated, causing the circumferential band 60 to pull 
the guiding catheter 42 to its most counterclockwise 
position. Thus, by selectively inflating and 
deflating the positioning balloons 70 and 76, the 
guiding catheter 42 can be moved through a range of 
positions about the anchoring balloon 24. The size of 
the positioning balloons and the diameter of the 
anchoring balloon will dictate what total range of 
motion is possible. Preferably, the range of motion 
should be at least about 120°, allowing the deposit 
removal tool 40 to fully service one of the three 
leaflets 12 of the aortic valve without repositioning 
the anchoring balloon 24. To remove deposits from the 
other leaflets 12, the anchoring balloon 24 can be 
partially deflated and then rotated to a new position 
corresponding to one of the other leaflets 12. 

Figures 3-8 depict a secondary positioning means 
that allows some control over the radial position of 
the deposit removal tool 40. In this embodiment, a 
positioning catheter 46 is disposed within the guiding 
catheter 42. The positioning catheter 46 includes an 
off-center lumen 49 in which the shaft 41 of the 
deposit removal tool 40 is carried. By rotating the 
positioning catheter 46 with respect to the guiding 
catheter 42, the deposit removal tool 40 can be 
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adjusted radially inwardly and outwardly with respect 

to the anchoring balloon 24. Some limited control 

over the circumferential position of the teal 40 is 

also provided. 

Figures 6-8 illustrate a particularly pre£erred 

embodiment in which the positioning catheter 46 

includes indexing slots 47 at its distal end. ~he 

guiding catheter 42 in turn carries a tab 43 extending 

radially inwardly (the tab 43 may, e.g., extend 

radially inwardly from a metal ring 45 carried by the 

guiding catheter 42). As the positioning catheter 46 

is advanced through the guiding catheter 42 to. its 

most distal position, the tab 43 of guiding catheter 

42 will engage a corresponding slot 47 in the 

positioning catheter 46. This prevents rotational 

movement of the positioning catheter 46 with respect 

to the guiding catheter as the tool is being 

utilized. Where it is desired to change the 

rotational position of the positioning catheter 46, it 

can be withdrawn slightly, rotated, and then again 
advanced to engage the tab 43 in the desired slot 47 

corresponding to the desired position. 

Figures 9-12 illustrate another modification of 

the invention which includes a collapsable sheath 44, 

and illustrate its use in the process of introducing 

the device of the invention into the patient. In 

Figure 9, the aorta 10 is shown schematically dividing 

into the left and right iliac arteries 11. The 

anchoring balloon catheter 24 with its catheter 21 has 

been inserted into the iliac artery 11, and advanced 

through the aorta to the aortic valve, where the 

anchoring balloon 24 is inflated. In this embodiment, 

a flaccid sheath 44 is connected directly to the 

circumferential band 60. This flaccid sheath allows 

final assembly of the entire unit inside the 
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body--i.e., the anchoring balloon with the flaccid 
sheath 44, the circumferential band 60 and the 
positioning balloons 70 and 76 (all deflated and 
furled about the catheter 21 of the anchoring balloon 
24) can first be inserted into the aorta 10 via the 
iliac artery 11. The guiding catheter, positioning 
catheter and deposit removal tool can then be 
inserted, after the anchoring balloon catheter is in 
position. The flaccid nature of this sheath 44 
therefore allows the deflated anchoring balloon 24 
with attachment means to be furled into a relatively 
small diameter unit for insertion through the narrower 
iliac artery 11 into the wider aorta 10. Once the 
anchoring balloon 24 has entered the aorta 10 (and, 
preferably, reached its position in the aortic valve), 
the anchoring balloon 24 can be inflated and the rest 
of the unit assembled by inserting the guiding 
catheter 42 through the sheath 44 to its position 
adjacent the anchoring balloon 24, followed by the 
deposit removal tool and the positioning catheter. To 
ease insertion of the guiding catheter into the sheath 
44, the sheath can be of a larger diameter proximally, 
narrowing at its most distal portion to a diameter 
that closely receives the guiding catheter therein. 

In Figure 9, the guiding catheter 42 has been 
advanced only slightly into the sheath 44. In Figure 
10, the guiding catheter 42 is fully advanced, and the 
deposit removal tool 40 is about to be introduced. 
Note that Figures 10A and lOB illustrate the 
cross-sectional configuration of the device, and show 
catheter 19 with four lumens--one each 71 and 77 for 
inflating and deflating the positioning balloons 70 
and 76, one 23 for inflating the anchoring balloon 
itself, and one 22 for passing through a guide wire or 
injecting or withdrawing fluids such as contrast or 
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blood. The catheter 19 is formed from catheter 21 of 
the anchoring balloon catheter 24 and catheters 72 and 
78 of the positioning balloons 70 and 76, 
respectively. 

In Figure 11 the deposit removal tool 40 has 
been fully advanced through the guiding catheter 42 
and the positioning catheter 46 is about to be 
advanced over the shaft 41 of the deposit removal tool 
40. Figure llA depicts the tool's shaft 41 closely 
received in the off-center lumen 49 of the positioning 
catheter 46. Figure 12 shows the positioning catheter 
46 fully advanced through the guiding catheter 42. A 
0 Y11 connector 52 may be provided on the proximal end 
of the positioning catheter 46 to allow fluid to be 
injected or withdrawn through the main lumen 50 of the 
positioning catheter 46, while the elongated shaft 41 
of the tool 40 exits through a sealing fitting 51. In 
most applications, the main lumen 50 will be utilized 
to withdraw fluid from the area immediately adjacent 
the deposit removal tool, thereby removing any 
particles or debris cut away by the tool. This lumen 
50 may also be used, however, for injecting fluids, 
such as contrast solutions used in radiographic 
imaging. 

Figures 13-14 depict an alternate embodiment for 
providing attachment means to secure the tool 40 with 
respect to the anchoring balloon 24 and for permitting 
selected positioning of the deposit removal tool 40 
with respect to the anchoring balloon 24. In this 
embodiment, a set of circumferential straps is 
provided. In the embodiment illustrated, a set of 
upper and lower circumferential straps 85 is attached 
with a first end 86 secured to the anchoring balloon 
24 and a second end 87 attached to the guiding 
catheter 42. A middle strap 90 similarly has a first 
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end 91 attached to the anchoring balloon 24 and a 

second end 92 attached to the guiding catheter 42. 

The middle strap 90 is wound about the anchoring 

balloon 24 in a direction opposite that of the upper 

and lower straps 85. The guiding catheter 42 may then 

be rotated to move it circumferentially about the 

anchoring balloon 24. Referring to Figures 13A-13B, 

as the guiding catheter is rotated clockwise, the 

middle strap 90 will wind up on the guiding catheter 

42, while the upper and lower straps 85 will unwind 

from the guiding catheter 42; as this occurs, the 

guiding catheter 42 will move clockwise about the 

anchoring balloon 24 from the position illustrated in 

Figure 13A to the position illustrated in Figure 13B. 

Figure 14 shows a slightly modified arrangement of 

this embodiment where the straps 85 and 90 are 

somewhat longer, permitting movement of the guiding 

catheter 42 substantially entirely around the 

anchoring balloon 24. 

Figures 15 and 15A show another simplified 

embodiment of the invention. In this embodiment 

guiding catheter 42 is attached directly to the wall 

of the anchoring balloon 24. Positioning of the tool 

is accomplished merely by rotating the anchoring 

balloon 24 itself with respect tu the aortic valve, 

and by rotating the positioning catheter 46 within the 

guiding catheter 42. 

Figures 16-16A show yet another embodiment for 

controllably positioning the guiding catheter with 

respect to the anchoring balloon (Figure 16A showing 

the back side of Figure 16). In this embodiment a 

pair of cords 57 can be manipulated to move the 

guiding catheter 42 about the periphery of the 

anchoring balloon 24. Each cord 57 is attached at its 

distal end 57a to a pulley strip 59 that in turn is 
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attached to the anchoring balloon (Figure 16A). The 

cord is then threaded through a series of pulleys on a 

pair of pulley rings 58 carried by the guiding 

catheter 42 and pulleys on the fixed pulley strip 59. 

By pulling on one of the cords 57 while releasing the 

other the guiding catheter will be pulled around the 

anchoring balloon in one direction; by pulling on the 

other cord, the guiding catheter will be pulled around 

in the other direction. 

In practice, the decalcification procedure of 

the invention proceeds as follows. Access to the 

aorta 10 is obtained, typically through percutaneous 

or cut-down entry into ~he femoral artery with a guide 

wire. The guide wire is advanced through the femoral 

and iliac arteries and the aorta to the aortic valve 

and then across the aortic valve into the left 

ventricle (L.V.). A deflated anchoring balloon 

catheter 24 is then advanced over the guide wire to a 

position across the aortic valve with the distal tip 

of the balloon in the left ventricle (L.V.). The 

anchoring balloon 24 is then inflated and slightly 

retracted to engage the shoulder 26 of the anchoring 

balloon 24 against the inferior surface of the 

calcified valve leaflets 12. (Depending on the 

situation and the type of anchoring balloon catheter 

utilized, cardiopulmonary support/bypass may be 

necessary once the balloon is inflated, and this can 

be accomplished as described below.) 

When utilizing the embodiment having the 

collapsable guiding catheter sheath 44 attached to the 

anchoring balloon 24, the guiding catheter 42 may then 

advanced through the sheath 44 to proper position 

adjacent the anchoring balloon 24. The deposit 

removal tool 40, together with the positioning 

catheter 46, may then be advanced through the guiding 
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catheter 42 to their proper positions. One or both of 

the positioning balloons 70, 76, may then be inflated 

to circumferentially locate the guiding catheter 42 

and, hence, the deposit removal tool 40 as desired. 

The positioning catheter may also be rotated to 

further position the removal tool 40. The tool 40 in 

turn may also be slightly advanced or withdrawn as 

necessary. Operation of the removal tool 40 can then 

be commenced, with blood and dislodged calcification 

deposits being sucked up through the main lumen 50 of 

the positioning catheter 46. When deposits from a 

particular leaflet 12 have been removed, the anchoring 

balloon 24 can be deflated partially and rotated to 

position the removal tool 40 adjacent one of the other 

leaflets 12. When the calcification deposits have 

been removed, the entire device may be removed 

essentially by reversing the process of inserting the 

device. 

During the procedure, conventional radiographic 

imaging techniques may be utilized to allow the 

physician to view the relative locations of the 

anchoring balloon 24, deposit removal tool 40, and the 

calcified deposits which are to be removed from the 

aortic valve leaflets. Preferably, the components of 

the anchoring balloon and removal tool and associated 

catheters are either radio-opaque or marked with 

radio-opaque markers so that they will be visible by 

conventional radiographic imaging techniques. 

Visualization of the anchoring balloon and positioning 

balloons and the inferior surface of the leaflets in 

contact with the anchoring balloon 24 is further 

facilitated by using radiographic contrast solution 

for inflation of the balloons 24, 70 and 76. Contrast 

may also be injected either through the lumen 22 of 

the anchoring balloon 24, or through the main lumen 50 
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of the positioning catheter 46. 

In addition, known ultrasound imaging techniques 

may also be utilized. N. Born and J. Roelandt have 

edited a reference book entitled "Intravascular 

Ultrasound," (Kluwer Academic Publishers 1989), 

containing a variety of articles detailing techniques, 

developments, and clinical perspectives on 

intravascular ultrasound procedures. Figure 17 

illustrates one possible embodiment utilizing a phased 

array ultrasound transducer 29 (containing many small 

acoustic elements 128) mounted on the catheter 21 of 

the anchoring balloon 24. This transducer 29 will 

generate a cross-sectional view of the aortic valve 

and the location of the calcified deposits to be 

removed. The details of such ultrasound techniques 

for intravascular imaging are well-known, as described 

in the above-mentioned text. Ultrasound preferably is 

used in conjunction with and not to the exclusion of 

conventional radiographic imaging. 
Figure 18 shows another embodiment of the 

invention where an ultrasound catheter 132 is 

positioned inside one of the lumens of the catheter 21 

of the anchoring balloon 24, preferably the lumen 22. 

The ultrasound catheter 132 shown in Figure 18 

operates on a principle different from the one shown 

in Figure 17. Instead of a phased array transducer, 

the ultrasound catheter 132 includes an echo 

transducer 133 and a mirror 31 rotated by a flexible 

shaft 30. This embodiment is advantageous in that it 

allows the ultrasound catheter 132 to be advanced or 

retracted in the lumen 22 of the anchoring balloon 24 

to provide a cross-sectional image at the desired more 

distal or more proximal position. As these types of 

ultrasound catheters and procedures are described in 

greater detail in the Born reference identified above, 
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further description is not necessary here. 

During performance of the decalcification 

procedure, it is desirable to provide cardiopulmonary 

support/bypass for the patient, as an anchoring 

balloon 24 of the type depicted in Figure 1 

substantially occludes the aortic valve. Figures 

19-23 depict several variations for providing such 

support. 

Figure 19 depicts in schematic form a first 

variation. Blood is ejected/withdrawn from the left 

ventricle through the central lumen 22 of the 

anchoring balloon catheter 24 and delivered to a first 

pump 106. That pump 106 in turn delivers the blood 

through a filter 107 to a heat exchanger 108 and then 

through percutaneous catheter 111 back to the iliac 

artery 11 and the aorta 10. Blood and calcification 

deposit debris loosened by the removal tool 40 are 

aspirated into the main lumen 50 of the positioning 

catheter containing the tool shaft by a second pump 

110. Debris is filtered out by a second filter 109, 

after which the blood is sent through the heat 

exchanger 108 and the return catheter 111 back to the 

aorta 1.0. 

To assure adequate extracorporeal circulation an 

additional blood withdrawal catheter 1.13 is 

percutaneously introduced into the iliac vein 120. 

Blood withdrawn through this catheter 113 should be 

oxygenated before being returned to the body. This 

may be accomplished by a conventional oxygenator 105 

which in turn passes the blood through pump 106 to 

filter 107, and heat exchanger 108, whereupon the 

blood may be returned to the aorta 10 through the 

return catheter 111. 

In order to maintain blood flow through the 

heart sufficient to significantly reduce the risk of 
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cardiac asystole, particularly in light of the 

relatively small size of the central lumen 22 of the 

anchoring balloon catheter 24, a supplemental catheter 

112 may be advanced percutaneously through the vena 

cava 100 to the left ventricle (L.V.) by way of the 

right atrium (R.A.) and the left atrium (L.A.), as 

shown in Figure 20. To achieve this positioning of 

the catheter 112, the catheter must pass through the 

thin septum between the right atrium (R.A.) and left 

atrium (L.A.), such as is commonly done in mitral 

balloon valvuloplasty (see, e.g., T. Bashore, 

"Invasive Cardiology Principles and Techniques" (B.C. 

Decker Inc.) at pp. 147ff). This catheter 112 may be 

of substantial diameter in comparison to the central 

lumen 22 of the anchoring balloon catheter 24. Blood 

ejected/withdrawn through this catheter 112 passes 

from pump 106 through filter 107 to heat exchanger 108 

and then through the return catheter 111 back to the 

aorta 10. Catheters 112 and 113 may be arranged in a 

double lumen catheter, which may be a side by side 

double lumen, a coaxial double lumen, or even a single 

lumen catheter that has holes in a wall thereof in an 

intermediate portion, defining the distal "end" of the 

vein access catheter 113. 

The foregoing blood paths through the lumen 22. 

of the anchoring catheter 24 and through catheter 112 

usually will allow sufficient cardiac output to 

prevent cardiac asystole. 

Figure 21 depicts an alternate arrangement for 

external blood flow. In this configuration, the blood 

withdrawn from the left ventricle of the heart 

(through the larger catheter 112 and through the 

central lumen 22 of the anchoring balloon catheter 24) 

is passed directly to the oxygenator 105 before being 

returned (via pump 106, filter 107 and heat exchanger 
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108) to the aorta 10 through return catheter 111. In 
yet another configuration shown in Figure 22, all of 

the blood withdrawn from the heart is first passed 

through pump 110 and the second filter 109 before 

being sent to the oxygenator 105. 

In yet a further embodiment shown in Figure 23, 

an additional pump 114 is provided upstream from the 

oxygenator but separate from the second pump 110, 

thereby permitting separate control of the blood 

withdrawn by the main lumen 50 of the catheter 

containing the deposit removal tool. Other equivalent 

arrangements may also be utilized. The arrangements 

depicted in Figures 19-23 demonstrate, however, that 

cardiac function and coronary circulation can be 

maintained even while the decalcification procedure is 

being performed. Rapid cardiac pacing at about 

180-200 beats per minute also may be employed to lower 

cardiac output, particularly when the trans-septal 

approach to the left ventricle (L.V.) is not used. 

Figures 24-26A depict possible configurations 

for the anchoring balloon of the invention. Figure 24 

shows in cross section the anchoring balloon depicted 

in Figure land many of the other figures. The 

balloon includes a distal portion 25 that is of a 

larger diameter than the rest of the balloon, thereby 

providing a shoulder 26 for engaging and supporting 

the inferior surface of the valve leaflets 12--the 

balloon is inserted past the leaflets 12 and then 

inflated as it is withdrawn to allow the shoulder 26 

to seat against the inferior surface of the valve 

leaflets 12. 

In Figure 25 the anchoring balloon 24 includes 

an enhanced shoulder 26 formed by constructing a 

distal chamber 27 which is in fluid communication with 

the main chamber 28. The enhanced shoulder 26 
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provides an even more secure engagement against the 

inferior surface of the valve leaflets 12. Figure 26 

shows a modified version of the balloon of Figure 25 

wherein the main chamber is merged with the distal 

chamber, but the enhanced shoulder 26 is preserved. 

Figure 26A shows a cross-section of the anchoring 

balloon catheter 24 with the catheter 21 having two 

lumens, the lumen 22 through which a guide wire may be 
advanced or withdrawn and through which fluid may be 

withdrawn or injected, and the lumen 23 which 

communicates with the interior of the balloon to 

inflate and deflate it. Any of the embodiments of 

Figures 24-26A can be modified so that the shoulder 

portion is manufactured from a thin layer of 

stretchable material (such as silicone) and the 

remaining portion of the balloon from a substantially 

non-stretchable material (or a stretchable material 

that is reinforced so that it will not stretch beyond 

a certain point). With this construction, the balloon 

can be controllably inflated so that the thin, 
stretchable shoulder portion 26, which engages and 

supports the leaflets 12 of the aortic valve, will 

conform very closely to the shape of the leaflet, 

giving close, uniform support to the leaflet. 

Figures 27A-30 depict an alternate embodiment of 

the invention that may partially or entirely eliminate 

the need for the cardiopulmonary support/bypass system 

depicted in Figures 19-23. In this embodiment, the 

anchoring balloon 24'consists of an inflatable tube 32 
coiled into a helical configuration and held in this 

helical configuration by an inner sheath or skin 33, 

defining a large bore lumen 34. The helical anchoring 

balloon 24' allows its large bore lumen 34 to present 

a substantially open passageway distally and 

proximally, allowing blood to continue flowing through 
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the balloon even when it is inflated and holding the 

valve leaflets 12 in position for the decalcification 

procedure. If desired, a rotating screw-type pump 35 

may be secured in the proximal portion of the balloon 

to maintain circulation through the aorta 10 while the 

procedure is being performed. Such screw-type pumps 

are well known, such as the HEMOPUMP® brand pump 

available through Johnson & Johnson. (Figure 28 shows 

that multiple screw pumps may be used in parallel to 

increase the volume of blood pumped. Figure 28 also 

shows that one of the screw pumps--e.g., the proximal 

one-may be used to pump blood from the main lumen 50 

of the positioning catheter through the filter 124 at 

the proximal end of such screw pump.} 

A catheter 39 (Figure 27A) is disposed in the 

central portion of the distal end of the helical 

anchoring balloon 24'. The catheter 39 is carrying 

the phased array ultrasound transducers 29, described 

previously. The ultrasound catheter 39 desirably 

exits the large bore lumen 34 through the skin 33 

intermediate of the position of the screw pump 35 and 

the distal end of the helical anchoring balloon 24'. 

To allow assembly of the catheter into the helical 

anchoring balloon 24' after insertion of the balloon 

into the patient, a flaccid sheath 39a may be attached 

to the skin 33 at the point of entry of the catheter 

into the large bore lumen 34. Thus, the deflated, 

furled balloon may be first inserted; once in 

position, it can be inflated, and the catheter 39 can 

then be inserted through the flaccid sheath 139 to its 

position as shown in Figure 27A. A guide wire 136 may 

also be advanced via the flaccid sheath 139 or via the 

lumen of the catheter 39 as necessary. 

Figure 27B shows the proximal end of the various 

catheters and lumens attached to the configuration in 
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Figure 27A, including the catheter 39 (containing 

leads for the ultrasound transducer 29), the drive 

shaft 139 for the screw pump 35, a syringe (or similar 

inflation device) 80 with catheter 23 for inflating 

the anchoring balloon, inflation devices 73 and 79, 

respectively, for the first and second positioning 

balloons, a blood pump 110 for withdrawing blo6d 

through the main lumen so of the positioning catheter 

46, a blood filter 109 and a return catheter 111 to 

return filtered blood back to an artery (usually the 

aorta). 

Figure 29 depicts the configuration of the 

device shown in Figure 27A and B immediately after it 

has been advanced over the guide wire 136, but prior 

to being inflated/unfurled. In Figure 29, the helical 

anchoring balloon 24' is in a deflated, furled 
configuration (the view shows in partial cross-section 

the layers of helical tubes 32 furled upon one 

another). A release string 55 may be provided to 

maintain the distal end of the device in a furled 

configuration; when the string is withdrawn, it 
releases the balloon to be inflated. Figure 30 shows 

a modified embodiment where a release strap 56 is 

adhesively attached to the distal portion of the 

furled helical anchoring balloon 24' (rather than the 

string 55) to k$ep it in furled configuration. When 

the strap is withdrawn, it similarly releases the 

balloon to be inflated. 

Figure 31 depicts yet another embodiment of the 

invention that facilitates blood flow through the 

helical anchoring balloon catheter 24' while the 

procedure is being performed. A series of check valve 

flaps 81, covering orifices 82 in the skin 33 of the 

anchoring balloon, is provided proximally of the 

aortic valve to permit blood to flow outwardly through 
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such orifices 82 into the aorta during systole. 

During diastole, the valve flaps 81 close, similarly 

to the function of the aortic valve itself, to prevent 

reflux of the blood into the left ventricle. {Check 

valves of this type would also be usable with the 

anchoring balloon catheter 24 of Figure 1.) Figures 

32A and 32B show alternate embodiments wherein the 

helical anchoring balloon 24' in its proximal portion 

includes a preferably trileaflet valve 83 similar in 

shape and function to the natural aortic valve. 

Although most of the figures depict the deposit 

removal tool as being a conventional rotatable burr or 

similar cutting or abrasive device, any other suitable 

tool may also be employed. Figures 33-35 depict three 

other possibilities. In Figure 33, a laser 140 

{preferably located external to the patient) is 

connected to a fiber-optic strand 141 which has a 

distal end positionable adjacent the calcified 

deposits to be removed. In Figure 34, an ultrasonic 

vibration generator 144 {e.g., of the type that 

generates vibrations in the range of 20,000 Hz) is 

connected to a wire 145 having a distal tip 

positionable adjacent the calcified deposits, the wire 

145 being capable conveying ultrasonic vibrations. In 

Figure 35 a high voltage source 147 is connected to a 

pair of electrically conductive wires 148 having 

distal tips positionable adjacent the calcified 

deposits for generating an arc to destroy the 

deposits. Tools of other suitable configurations may 

similarly be utilized. 

The components of the anchoring balloon catheter 

24 of the invention may be manufactured from any 

suitable materials, including conventional plastics, 

silicones, etc. that are biocompatible and possess the 

desired flexibility/rigidity properties, as the case 
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may be, to perform the desired functions. Such 

materials are well known, being utilized commonly in 

current balloon catheters and other intravascular 

devices. The helical balloon of the invention may be 

manufactured by any suitable techniques, such as by 

winding tube 32 into a coiled configuration (as by 

winding it upon a mandrel) and then securing the 

turns by either applying an outer skin (or an inner 

skin, if desired), Such a skin may be formed by 

applying a thin layer of adhesive, by securing a thin 

layer of flexible plastic, or by any other suitable 

means. 

While a preferred embodiment of the present 

invention has been described, it should be understood 

that various changes, adaptations and modifications 

may be made therein without departing from the spirit 

of the invention and the scope of the appended claims. 
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WHAT IS CLAIMED IS: 
1. Apparatus for in vivo removal of 

deposits from an aortic heart valve, comprising: 
an anchoring balloon catheter fixatable across 

the aortic valve; 
a deposit removal tool; and 
attachment means for securing the toal with 

respect to the anchoring balloon and the aortic valve. 
2. The apparatus of claim 1 wherein the 

attachment means includes positioning means for 
adjustably positioning the deposit removal tool with 
respect to the anchoring balloon. 

3. The apparatus of claim 1 further 
comprising a guiding catheter through which the 
deposit removal tool may be advanced toward the aortic 
valve, the guiding catheter including a distal end 
portion secured to the anchoring balloon catheter by 
the attachment means. 

4. The apparatus of claim 3 wherein the 
attachment means comprises a circumferential band 
having first and second ends respectively attached to 
the anchoring balloon, and an intermediate portion 
operatively connected to the guiding catheter. 

5. The apparatus of claim 4 wherein the 
attachment means further includes positioning balloon 
means for selectively moving the guiding catheter 
about the anchoring balloon in response to inflation 
and deflation of the positioning balloon means. 

6. The apparatus of claim 5 wherein the 
positioning balloon means comprises two positioning 
balloons interposed between the circumferential band 
and the anchoring balloon. 

7. The apparatus of claim 6 wherein each 
positioning balloon is located adjacent an end of the 
circumferential band. 
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8. The apparatus of claim 6 wherein the

positioning means includes means for selectively 

inflating and deflating the positioning balloons 

whereby the guiding catheter will move clockwise about 

the anchoring balloon when one of the positioning 

balloons is inflated, and the guiding catheter will 

move counterclockwise about the anchoring balloon when 

the other positioning balloon is inflated. 

9. The apparatus of claim 8 wherein the

means for inflating and deflating the positioning 

balloons are operable syncronously so that when one of 

the balloons is being deflated the other is being 

inflated. 

10. The apparatus of claim 3 wherein the

deposit removal tool includes an elongated shaft. 

11. The apparatus of claim 10 further

comprising a positioning catheter carried within the 

guiding catheter, the positioning catheter being 

rotatable with respect to the guiding catheter and 

including an off-center lumen in which the shaft of 

the deposit removal tool is closely received, whereby 

rotation of the positioning catheter allows selective 

positioning of the deposit removal tool. 

12. The apparatus of claim 1 wherein the

deposit removal tool includes a distal tip portion, an 

elongated shaft portion extending proximally from the 

tip, and a catheter disposed about the shaft portion, 

the catheter having a distal end adjacent the distal 

tip portion through which dislodged deposits and blood 

may be aspirated. 

13. The apparatus of claim 12 further

comprising means for filtering and returning the 

aspirated blood to the patient. 

14. The apparatus of claim 1 wherein the

deposit removal tool comprises a rotatable cutting 
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device. 
15. The apparatus of claim 1 wherein the 

deposit removal tool comprises a rotatable abrading 

device. 

16. The apparatus of claim 1 wherein the 

deposit removal tool comprises an ultrasonic 

vibrations generator and a wire capable of conveying 

such ultrasonic vibrations connected to the generator 

and having a distal end locatable adjacent the aortic 

valve. 

17. The apparatus of claim 1 wherein the 

deposit removal tool comprises a high voltage power 

source and a pair of electrical discharge electrodes 

positionable adjacent the aortic valve. 

18. The apparatus of claim 1 wherein the 

deposit removal tool comprises a laser and an optical 

fiber connected to the laser. 

19. The apparatus of claim 4 including a 

collapsable guiding catheter insertion sleeve having a 

distal end portion attached to the intermediate 

portion of the circumferential band. 

20. The apparatus of claim 19 wherein the 

collapsable insertion sleeve is wider proximally than 

it is in its distal end portion, so that it receives 

the guiding catheter closely only in the distal end 

portion, allowing easy insertion and withdrawal of the 

guiding catheter through the insertion sleeve. 

21. The apparatus of claim 3 wherein the 

attachment means comprises first and second straps, 

each having a first end attached to the anchoring 

balloon and a second end attached to the guiding 

catheter, the straps being attached so that as the 

guiding catheter is rotated with respect to the 

anchoring balloon one of the straps will wind up on 

the guiding catheter and the other will unwind off the 
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guiding catheter, causing the guiding catheter to move 
about the periphery of the anchoring balloon. 

22. The apparatus of claim 21 wherein the 

first strap comprises two such straps straddling the 

second strap. 
23. The apparatus of claim 1 wherein the 

anchoring balloon catheter includes an inflatable 

balloon having proximal and distal portions, the 
distal portion of the balloon being inflatable to a 

diameter larger than the proximal portion. 

24. The apparatus of claim 23 wherein the 

valve is of the type having multiple leaflets with 
superior and inferior surfaces, the distal and 

proximal portions of the balloon defining a shoulder 

that is engagable with the inferior surface of the 

valve leaflets to support the leaflets as deposits are 

removed from the superior surface thereof. 

25. The apparatus of claim 24 wherein the 
proximal portion of the balloon is generally elongated 
and cylindrical in shape and having an outer surface, 
the shoulder being formed by attaching a secondary 

distal balloon portion to the outer surface of the 

proximal balloon portion. 

26. The apparatus of claim 24 wherein the 

balloon has a longitudinal axis, the shoulder portion 
of the balloon being made of a stretchable material so 

that it can conform to the inferior surface of the 

leaflet, other portions of the balloon being 
constructed to be substantially non-stretchable in a 

direction perpendicular to the longitudinal axis. 

27. The apparatus of claim 1 wherein the 

anchoring balloon catheter comprises an inflatable 
helically coiled tube and securing means for securing 

windings of the helically coiled tube with respect to 

one another in a desired configuration. 
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28. The apparatus of claim 27 wherein the 
securing means comprises a flexible skin attached to 

the turns of the coil. 

29. The apparatus of claim 1 further 
including a cardiopulmonary bypass system comprising a 

vein access catheter insertable into a vein to allow 

removal of blood therefrom, oxygenator means for 

oxygenating such blood, an artery access catheter 

insertable into an artery, and pump means for 

returning the blood through the artery access catheter 
to the artery. 

30. The apparatus of claim 29 wherein the 

anchoring balloon catheter includes a catheter having 

proximal and distal ends and a lumen, the lumen being 

open at the distal end of the catheter, the proximal 

end of the catheter lumen being operatively connected 

to the pump means so that when the anchoring balloon 

catheter is fixated across the aortic valve blood may 

be removed through such lumen and returned to the 

artery. 

31. The apparatus of claim 29 wherein the 

cardiopulmonary bypass system includes a filter and a 

heat exchanger through which the blood passes before 

it is returned to the artery. 

32. The apparatus of claim 29 further 

including a left ventricle access catheter insertable 

through the iliac vein, vena cava, through the right 

atrium and left atrium to the left ventricle, the left 

ventricle access catheter being operatively 

connectable to the pump means to allow blood flow from 

the left ventricle and its return to the artery. 

33. The apparatus of claim 32 wherein the 

vein access catheter and the left ventricle access 

catheter are arranged in one catheter. 

34. The apparatus of claim 33 wherein the 
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vein access catheter and the left ventricle access 

catheter are arranged in a single lumen catheter 

having orifices in a wall thereof to define a distal 
end of the vein access catheter. 

35. The apparatus of claim 33 wherein the 

vein access catheter and the left ventricle access 

catheter are arranged in a double lumen catheter. 
36, The apparatus of claim 33 wherein the 

vein access catheter and the left ventricle access 

catheter are arranged in a co-axial double lumen 

catheter. 

37. The apparatus of claim 1 further 

including ultrasound transducing means disposed within 

the anchoring balloon for imaging the aortic valve, 

the location of the deposit removal tool, and the 
location of the deposits to be removed. 

38. The apparatus of claim 37 wherein the 

ultrasound transducing means comprises a phased array 

transducer comprised of an array of individual 
acoustic elements. 

39. The apparatus of claim 37 wherein the 

ultrasound transducing means comprises an echo 

transducer and a rotatable mirror element positionable 

in the anchoring balloon catheter. 

40. The apparatus of claim 37 wherein the 

anchoring balloon catheter includes a catheter lumen, 
the ultrasound transducing means being carried by a 

catheter positionable within the lumen of the 

anchoring balloon catheter and being movable distally 

and proximally within the lumen. 
41. The apparatus of claim 37 wherein the 

anchoring balloon catheter includes a central 

catheter, the ultrasound transducing means being 

carried by the central catheter. 
42. The apparatus of claim 3 wherein the 
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positioning means includes a pair of cords attached 

distally to the anchoring balloon, and pulleys mounted 

on the guiding catheter and the anchoring balloon, the 

cords being threaded through the pulleys so that 

pulling on a first of the cords and releasing the 

second cord will cause the guiding catheter to move 

clockwise about the anchoring balloon and, pulling the 

second cord and releasing the first cord will cause 

the guiding catheter to move counterclockwise about 

the anchoring balloon. 

43. The apparatus of claim 1 wherein the 

anchoring balloon catheter includes a catheter having 

a distal end and a lumen, the lumen being open at the 

distal end of the catheter, and has a check valve 

opening into the aorta. 

44. The apparatus of claim 1 wherein the 

anchoring balloon comprises an inflatable helically 

coiled tube defining a distally open lumen. 

45. The apparatus of claim 44 wherein the 

helically coiled tube includes a thin skin thereon to 

hold windings of the helically coiled tube in position 

with respect to one another. 

46. The apparatus of claim 45 wherein the 

anchoring balloon includes check valve means for 

permitting blood to flow through the lumen out of the 

heart's left ventricle and substantially preventing 

blood from flowing through such lumen back into the 

left ventricle. 

47. The apparatus of claim 46 wherein the 

check valve means is disposed on the skin of the 

helically coiled tube. 

48. The apparatus of claim 46 wherein the 

check valve means comprises a leaflet-type valve 

disposed across the lumen of the anchoring balloon. 

49. The apparatus of claim 48 wherein the 
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leaflet-type valve is disposed across the lumen at the 

proximal end of the anchoring balloon. 

50. The apparatus of claim 44 further 

comprising a screw-type pump means disposed in the 

lumen for pumping blood across the aortic valve. 

51. The apparatus of claim 50 wherein the 

screw-type pump means comprises two or more screw-type 

pumps operating in parallel, each having an intake 

drawing blood distally from the lumen and an outlet 

discharging the blood proximally into the aorta. 

52. The apparatus of claim 50 further 

comprising a second screw-type pump means for 

withdrawing blood from ~djacent the deposit removal 

tool, and for filtering such blood and returning it to 

the aorta. 

53. The apparatus of claim 52 wherein the 

second screw-type pump means includes catheter means 

defining a blood flow path that is operatively 

isolated from the open lumen of the anchoring balloon 

and the first screw-type pump means, the catheter 

means including a distal end located adjacent the 

deposit removal tool and a proximal portion connected 

to an inlet of the second screw-type pump means, the 
second screw-type pump means further including an 

outlet to the aorta. 

54. The apparatus of claim 3 wherein the 

attachment means securing the tool to the anchoring 

balloon prevents any substantial movement of the 

guiding catheter with respect to the anchoring balloon 

catheter, the tool being positionable with respect to 

the aortic valve by rotating the. anchoring balloon 

catheter. 

55. Apparatus for in vivo removal of 

deposits from an aortic valve, comprising: 

an anchoring balloon catheter fixatable across 
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the aortic valve; 

a deposit removal tool having an elongated shaft; 

a guiding catheter through which the tool may be 

advanced toward the aortic valve, the guiding catheter 

including a distal end portion; 

a circumferential band having first and second 

ends respectively attached to the anchoring balloon, 

and an intermediate portion operatively connected to 

the guiding catheter; 

a pair of positioning balloons interposed 

between the circumferential band and the anchoring 

balloon for selectively moving the guiding catheter 

about the anchoring balloon in response to inflation 

and deflation of the positioning balloons; 

means for selectively inflating and deflating 

the positioning balloons whereby the guiding catheter 

will move clockwise about the anchoring balloon when 

one of the positioning balloons is inflated, and the 

guiding catheter will move counterclockwise about the 

anchoring balloon when the other positioning balloon 

is inflated; and 

a positioning catheter carried within the 

guiding catheter, the positioning catheter being 

rotatable with respect to the guiding catheter and 

including an off-center lumen in which the shaft of 

the deposit removal tool is closely received, whereby 

rotation of the positioning catheter allows selective 

positioning of the deposit removal tool. 

56. A method of removing deposits from an 

aortic valve's superior surface, comprising; 

advancing an anchoring balloon through the aorta 

and positioning it across the aortic valve; 

inflating the anchoring balloon to fixate it 

with respect to the aorta and aortic valve; and 

operating a deposit removal tool secured to the 
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anchoring balloon to remove the deposits. 
57. The method of claim 56 including the 

step of advancing the deposit removal tool through the 

aorta after the anchoring balloon has been inflated. 

58. The method of claim 57 wherein the 

step of advancing the deposit removal tool comprises 

advancing the tool through a catheter that has~its 
distal end secured with respect to the anchoring 

balloon. 

59. The method of claim 56 wherein the 

step of advancing the anchoring balloon includes the 
step of simultaneously advancing the deposit removal 
tool and the anchoring balloon through the aorta. 

60. The method of claim 56 including the 

steps of withdrawing blood through a lumen of the 
anchoring balloon catheter, utilizing a pump if 
necessary, oxygenating such blood if necessary, and 

then returning such blood to an artery. 

61. The method of claim 56 further 

comprising withdrawing blood adjacent the deposit 
removal tool. 

62. The method of claim 61 further 

comprising filtering such blood and returning it to an 

artery. 

63. The method of claim 56 further 
comprising the steps of advancing a blood removal 

catheter through the vena cava to the right atrium and 
through the atrial septum to the left atrium and into 

the left ventricle, and then removing blood from the 

left ventricle through such catheter and returning 

such blood to an artery while the anchoring balloon is 

positioned across the aortic valve. 

64. The method 0£ claim 56 further 

comprising the steps of providing cardiopulmonary 
bypass support by inserting a vein access catheter 
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into an artery, withdrawing blood through the vein 

access catheter, oxygenating the blood and returning 

it to the artery through the artery access catheter. 

65. The method of claim 56 further 

comprising the step of imaging the area adjacent the 

anchoring balloon. 

66. The method of claim 65 wherein the 

imaging step comprises radiographic imaging. 

67. The method of claim 65 wherein the 

imaging step includes imaging with ultrasound 

utilizing an ultrasound transducer carried by the 

anchoring balloon. 

68. A method of removing deposits from the 

aortic valve of a heart, comprising; 

advancing a deflated, furled anchoring balloon 

through the aorta and positioning it across the aortic 

valve, the anchoring balloon including a collapsable 

guiding catheter sheath; 

inflating the anchoring balloon to fixate it 

with respect to the aorta and aortic valve; and 

advancing a guiding catheter and a deposit 

removal tool through the guiding catheter sheath after 

the anchoring balloon has been inflated; and 

operating the deposit removal tool secured to 

the anchoring balloon to remove the deposits. 

69. The method of claim 68 further 

comprising withdrawing blood from the left ventricle 

of the heart through a catheter, and returning such 

blood to the aorta. 
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METHODS AND DEVICES FOR TREATMENT OF CARDIAC VALVES 

5 RELATED APPLICATIONS 

The present application gams benefit of the filing dates of US patent 

application Nos. 60/809,848 filed 1 June 2006; 60/814,572 filed 19 June 2006; 

60/832,142 filed 21 July 2006; 60/832,162 filed 21 July 2006 and 60/860,805 filed 24 

November 2006 all which are incorporated by reference as if fully set forth herein. 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to the field of surgery and especially to methods 

and devices useful for augmenting cardiac valve leaflets or in augmenting tissue 

surrounding a cardiac valve, for example to allow relocation of the intact cardiac 

15 valve. Embodiments of the teachings of the present invention allow, for example, 

improving leaflet coaptation, for example in order to treat ischemic mitral 

regurgitation. 

The human heart 10, depicted in cross sectional long axis view in Figure 1, is 

a muscular organ that pumps deoxygenated blood through the lungs to oxygenate the 

20 blood and pumps oxygenated blood to the rest of the body by rhythmic contractions of 

four chambers. 

After having circulated in the body, deoxygenated blood from the body enters 

the right atrium 12 through the vena cava 14. Right atrium 12 contracts, pumping the 

blood through a tricuspid valve 16 into the right ventricle 18. Right ventricle 18 

25 contracts, pumping the blood through the pulmonary semi-lunar valve 20 into the 

pulmonary artery 22 which splits to two branches, one for each lung. The blood is 

oxygenated while passing through the lungs and reenters the heart to the left atrium 

24. 

Left atrium 24 contracts, pumping the oxygenated blood through the mitral 

30 valve 26 into the left ventricle 28. Left ventricle 28 contracts, pumping the 

oxygenated blood through the aortic semi-lunar valve 30 into the aorta 32. From aorta 

32, the oxygenated blood is distributed to the rest of the body. 
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Physically separating left ventricle 28 and right ventricle 18 is interventricular 

septum 33. Physically separating left atrium 24 and right atrium 12 is an interatrial 

septum. 

Mitral valve 26, depicted in Figure 2A (top view) and in Figure 2B ( cross 

5 sectional long axis view) is defined by an approximately circular mitral annulus 34 

that defines a mitral lumen 36. Attached to the periphery of mitral annulus 34 is an 

anterior leaflet 38 and a smaller posterior leaflet 40, leaflets 38 and 40 joined at 

commissures 41. Each leaflet is between about 0.8 and 2.4 mm thick and composed of 

three layers of soft tissue. 

1 0 The typical area of mitral lumen 36 in a healthy adult is between 4 and 6 cm2 

while the typical total surface area of leaflets 38 and 40 is approximately 12 cm2
• 

Consequently and as depicted in Figure 2B, leaflets 38 and 40 curve downwards into 

left ventricle 28 and coapt to accommodate the excess leaflet surface area, producing 

a coaptation surface 42 that constitutes a seal. The typical length of coaptation surface 

15 42 in a healthy heart 10 of an adult is approximately 7-8 mm. 

The bottom surface of anterior leaflet 38 and posterior leaflet 40 are connected 

to papillary muscles 44 at the bottom of left ventricle 28 by posterior chordae 46 and 

anterior chordae 48. 

During diastole, left atrium 24 contracts to pump blood downwards into left 

20 ventricle 28 through mitral valve 26. The blood flows through mitral lumen 36 

pushing leaflets 38 and 40 downwards into left ventricle 28 with little resistance. 

During systole left ventricle 28 contracts to pump blood upwards into aorta 32 

through aortic semi-lunar valve 30. Mitral annulus 34 contracts pushing leaflets 38 

and 40 inwards and downwards, reducing the area of mitral lumen 36 by about 20% to 

25 30% and increasing the length of coaptation surface 42. The pressure of blood in left 

ventricle 28 pushes against the bottom surfaces of leaflets 38 and 40, tightly pressing 

leaflets 38 and 40 together at coaptation surface 42 so that a tight leak-proof seal is 

formed. To prevent prolapse of leaflets 38 and 40 upwards into left atrium 24, 

papillary muscles 44 contract pulling the edges of leaflets 38 and 40 downwards 

30 through posterior chordae 46 and anterior chordae 48, respectively. 

As is clear from the description above, an effective seal of mitral valve 26 is 

dependent on a sufficient degree of coaptation, in terms of length, area and continuity 

of coaptation surface 42. If coaptation surface 42 is insufficient or non-existent, there 
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is mitral valve insufficiency, that is, regurgitation of blood from left ventricle 28 up 

into left atrium 24. A lack of sufficient coaptation may be caused by any number of 

physical anomalies that allow leaflet prolapse ( e.g., elongated or ruptured chordae 46 

and 48, weak papillary muscles 44) or prevent coaptation ( e.g., short chordae 46 and 

5 48, small leaflets 38 and 40). 

10 

Mitral valve insufficiency leads to many complications including arrhythmia, 

atrial fibrillation, cardiac palpitations, chest pain, congestive heart failure, fainting, 

fatigue, low cardiac output, orthopnea, paroxysmal nocturnal dyspnea, pulmonary 

edema, shortness of breath, and sudden death. 

There are a number of pathologies that lead to a mitral valve insufficiency 

including collagen vascular disease, ischemic mitral regurgitation, myxomatous 

degeneration of leaflets 38 and 40 and rheumatic heart disease. 

In ischemic mitral regurgitation (resulting, e.g., from myocardial infarction, 

chronic heart failure, or surgical or catheter revascularization), leaflets 38 and 40 and 

15 chordae 46 and 48 have normal structure and the mitral valve insufficiency results 

from altered geometry of left ventricle 28. As a result of ischemia, portions of the 

heart walls necrose. During healing, the necrotic tissue is replaced with unorganized 

tissue leading to remodeling of the heart which reduces coaptation through distortion 

of mitral annulus 34 and sagging of the outer wall of left ventricle 28 which displaces 

20 papillary muscles 44. 

In Figures 3A (top view) and 3B (cross sectional long axis view), The 

reduction of coaptation resulting from ischemia is depicted for a mitral valve 26 of an 

ischemic heart 50 that has undergone mild remodeling and suffers from ischemic 

mitral regurgitation. In Figure 3B is seen how an outer wall of left ventricle 28 sags 

25 outwards, displacing papillary muscles 44 downwards which, through chordae 46 and 

48, pulls leaflets 38 and 40 downwards and apart, reducing coaptation. The 

incomplete closure ofmitral valve 26 is seen in Figures 3A and 3B. 

Initially, ischemic mitral regurgitation is a minor problem, typically leading 

only to shortness of breath during physical exercise due to the fact that a small 

30 fraction of blood pumped by left ventricle 28 is pumped into left atrium 24 and not 

through aortic semi-lunar valve 30, reducing heart capacity. To compensate for the 

reduced capacity, left ventricle 28 beats harder and consequently remodeling 

continues. Ultimately leaflet coaptation is entirely eliminated as leaflets 38 and 40 are 
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pulled further and further apart, leading to more blood regurgitation, further 

increasing the load on left ventricle 28, and further remodeling. Ultimately, the left 

side of the heart fails and the person dies. 

Apart from humans, mammals that suffer from mitral valve insufficiency 

. 5 include horses, cats, dogs, cows and pigs. 

Currently, it is accepted to use open-heart surgical methods to improve mitral 

valve functioning by many different methods that force parts of the heart to adopt a 

shape that reduces some symptoms of improper valve function, including: modifying 

the subvalvular apparatus ( e.g. lengthening the chordae) to improve leaflet coaptation; 

10 implanting an annuloplasty ring, e.g., as described in United States Patents 3,656,185, 

6,183,512 and 6,250,308 to force mitral valve annulus 34 into a normal shape; or 

implanting devices in the mitral valve to act as prosthetic leaflets, e.g., United States 

Patent applications published as US 2002/065554, US 2003/0033009, US 

2004/0138745 or US 2005/0038509. It has been found that such methods often fail to 

15 provide sufficient long range improvement of valve function. 

Surgical augmentation of a mitral valve anterior leaflet 38 for improving 

mitral valve leaflet coaptation for treating ischemic mitral valve regurgitation is 

taught by Kincaid et al (Kincaid EH, Riley RD, Hines MH, Hammon JW and Kon ND 

in Ann. Thorac. Surg. 2004, 78, 564-568). An incision is made in the anterior leaflet 

20 almost from commissure to commissure. The edges of a roughly elliptical patch of 

material ( e.g., bovine pericardium, 1 cm wide, 3 cm long) are sutured to either side of 

the incision augmenting the anterior leaflet by an amount roughly equal to the surface 

area of the patch. Additionally, a flexible annuloplasty ring is implanted to reshape 

the mitral annulus. Although effective, such augmentation is considered a complex 

25 surgical procedure performed only by cardiac surgeons having above average skill. 

30 

It would be highly advantageous to have a way to restore cardiac valve 

function such as of a mitral valve by improving leaflet coaptation, to reduce mitral 

insufficiency, for example for treating subjects suffering from ischemic mitral valve 

regurgitation. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention successfully address at least some of 

the shortcomings of the prior art by providing methods and devices for the treatment 
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of cardiac valves, which in embodiments improves cardiac valve leaflet coaptation, 

which may be useful in treating conditions, for example mitral insufficiency such as 

ischemic mitral regurgitation. In embodiments, the present invention also provides 

devices reminiscent of annuloplasty rings that allow procedures such as leaflet 

5 augmentation or cardiac valve relocation to be performed quickly with less 

dependence on the skill level or degree of exhaustion of the performing surgeon. 

In a first aspect, the present invention provides for innovative methods and 

devices for leaflet augmentation. Embodiments of the present invention successfully 

address at least some of the shortcomings of the prior art by providing methods and 

10 apparatuses for reconstructing and realigning cardiac valve leaflets, for example 

mitral valve leaflets, some embodiments of which may be useful in treating 

conditions, for example mitral insufficiency such as ischemic mitral regurgitation. 

Generally, such apparatuses of the present invention can be considered as 

annuloplasty rings that are configured to support a leaflet-augmenting ~embrane. 

15 Generally, in embodiments such a device is deployed substantially as an annuloplasty 

ring, where a native leaflet is detached from the mitral valve annulus and secured to 

the leaflet augmenting membrane of the device, effectively lengthening the leaflet, 

which in embodiments restores or increases leaflet coaptation. 

Thus, according to the teachings of the present invention, there is provided an 

20 annuloplasty apparatus comprising a substantially complete ring defining a ring lumen 

including an inner portion configured to be operatively associated with a lumen of an 

in vivo cardiac valve and an outer portion configured to be operatively associated 

with a periphery of the lumen of the cardiac valve, the annuloplasty apparatus further 

including a membrane functionally associated with the ring, the membrane at least 

25 partially covering the ring lumen around the entire periphery of the ring lumen in a 

plane substantially parallel to a plane passing radially through the ring. 

In some embodiments, the membrane is continuous and substantially entirely 

covers the ring lumen. 

In some embodiments, the membrane is provided with a membrane opening 

30 through the ring lumen. In some embodiments, the membrane opening is located 

substantially in the center of the ring lumen. In some embodiments, the membrane 

opening is located off-center of the ring lumen. In some embodiments, the membrane 

opening has an area of at least about 10% of the area of the ring lumen. In some 
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embodiments, the membrane opening has an area of at least about 20% of the area of 

the ring lumen. In some embodiments, the membrane opening has an area of no more 

than about 80% of the area of the ring lumen. 

In some embodiments, at least a portion of the ring includes a portion being 

5 substantially covered by the membrane. In some embodiments, the portion covered by 

the membrane includes the ring outer portion. 

In some embodiments, the membrane covering ring outer portion is configured 

for securing proximate to a cardiac annulus and/or the periphery of a cardiac annulus. 

In some embodiments, the membrane covering the ring outer portion is 

10 configured to be sutured to the valve periphery. 

15 

In some embodiments, the membrane encircles the rmg so as to be 

functionally associated therewith. 

In some embodiments, the membrane 1s secured to the ring so as to be 

functionally associated therewith. 

In some~embodiments, the membrane is secured to the ring by a member of 

the group consisting of sewing, adhesion, gluing, suturing, riveting and welding. 

In some embodiments, the ring is configured to be sutured. 

In some embodiments, the membrane is configured to be intra-operatively 

modified by at least one member of the group of processes consisting of cutting, 

20 bending, folding and suturing. 

In some embodiments, the membrane compnses a tissue from an animal 

source such as a material from the group of materials consisting of serous tissue, 

pericardium, pleura, peritoneum and aortic leaflet. 

In some embodiments, the animal source is a source from the group consisting 

25 of bovine, porcine, equine and human. 

In some embodiments, the membrane is at least about 0.2 millimeters thick. In 

some embodiments, the membrane is no more than about 2 millimeters thick. 

In embodiments, the ring is substantially similar to prior art annuloplasty rings 

and is fashioned from materials and in a manner as is known in the art of annuloplasty 

30 rings. In some embodiments, the ring comprises a material selected from a group 

consisting of nitinol, stainless steel shape memory materials, metals, synthetic 

biostable polymer, a natural polymer, an inorganic material, titanium, pyrolytic 

carbon, a plastic, a titanium mesh and polydimethylsiloxane. 
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In embodiments, a biostable polymer from which a ring 1s fashioned 

comprises a material from the group including a polyolefin, polyethylene, 

polytetrafluoroethylene (Teflon®), and polycarbonate synthetic, a polyurethane, a 

fluorinated polyolefin, a chlorinated polyolefin, a polyamide, an acrylate polymer, an 

5 acrylamide polymer, a vinyl polymer, a polyacetal, a polycarbonate, a polyether, an 

aromatic polyester, a polyether (ether ketone), a polysulfone, a silicone rubber (e.g., 

Silastic by Dow-Coming Corporation, Midland, MI, U.S.A.), a thermoset material, or 

a polyester (ester imide, for example Dacron® by Invista, Wichita, KS, U.S.A.) 

and/or combinations thereof. 

10 In some embodiments, the ring compnses a material having a property 

selected from the group consisting of: flexible, plastic, elastic and rigid. 

In some embodiments, the ring has height of no more than about 5.0 

millimeters. 

In some embodiments, the ring has height of at least about 1.0 millimeter. 

15 . According to the teachings of the present invention, there is also provided a 

method for performing an annuloplasty procedure in a heart (human or non-human, 

such as dog, cat, pig, horse or cow), comprising: (a) providing a substantially 

continuous ring defining a ring lumen and functionally associating a membrane to the 

ring so that the membrane covers a portion of the ring lumen; (b) detaching at least a 

20 portion of a first a cardiac valve leaflet from a periphery of the cardiac valve in a 

cardiac valve including at least two cardiac valve leaflets extending from the valve 

periphery of the cardiac valve; (c) securing, e.g., by suturing, the substantially 

continuous ring to the periphery of the cardiac valve; and ( d) attaching a detached 

edge of the cardiac valve leaflet to the membrane, thereby restoring valve function by 

25 increasing the dimensions ( e.g., length and/or surface area) of the leaflet. 

In some embodiments, the method further comprises, subsequent to securing 

( c ), ( e) modifying the membrane to decrease the covered portion of the ring lumen, 

e.g., by trimming. 

In some embodiments, the membrane at least partially covers the ring lumen 

30 around the entire periphery of the ring lumen, as described above for an annuloplasty 

apparatus of the present invention. 
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In some embodiments, the cardiac valve is a bicuspid valve. In some 

embodiments, the cardiac bicuspid valve is a mitral valve. In some embodiments, the 

cardiac valve is a tricuspid valve. 

In some embodiments, the leaflet is detached from the periphery substantially 

5 entirely. 

In some embodiments, the attaching of the detached edge of the leaflet 1s 

proximate to a luminal edge of the membrane. 

In some embodiments, prior to the attaching of the detached edge of the first 

leaflet, the membrane is cut so as to expose a second of the cardiac leaflets. 

10 In some embodiments, following the attaching of the detached edge of the first 

leaflet, the first leaflet and the second leaflet have a length of coaptation that is greater 

than 8 millimeters. 

In some embodiments, the attaching the detached edge of the first cardiac 

leaflet to the membrane inclu<!es attaching the detached edge to the membrane using a 

15 method selected from the group consisting of suturing, adhering, gluing and welding. 

In some embodiments, the ring is secured by suture to the heart. 

In some embodiments, the suturing is through the membrane. 

In some embodiments, the membrane is shaped to cover the second cardiac 

leaflet. 

20 In some embodiments, the second cardiac leaflet 1s retracted substantially 

toward the valve periphery. 

In some embodiments, the cardiac valve includes at least three cardiac valve 

leaflets. 

According to a further aspect, the present invention provides for innovative 

25 methods and implants for augmentation of the tissue surrounding a cardiac valve ( e.g., 

the surface area of tissue between the valve annulus and the valve itself is increased). 

Generally, an implant including a wall, the wall delimited by two edges each in the 

shape of a closed curve and defining a lumen. (e.g., a tube or annulus) is provided as a 

cardiac valve augmenting implant. The native valve is detached from the valve 

30 annulus and secured to one edge of the implant while the other edge is secured to the 

valve annulus, thereby augmenting the tissue surrounding the valve. In embodiments, 

the implant allows distal relocation of a cardiac valve from a native position attached 
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to a native valve annulus located between a ventricle and an atrium downwards into 

the ventricle. 

Thus according to the teachings of the present invention there is also provided 

a method of augmenting the tissue surrounding a cardiac valve, comprising: a) 

5 excising leaflets of a cardiac valve (e.g., mitral valve, tricuspid valve) of a subject 

(human or non-human mammal) with an incision having a shape of a closed curve 

(e.g., circles, ovals, ellipses, oblate ovals, oblate ellipses and oblate circles), so as to 

define a valve seat edge of the incision and a valve periphery edge of the incision; b) 

providing an implant including a wall, the wall delimited by two edges each in the 

10 shape of a closed curve and defining a lumen. (e.g., a substantially tubular implant or 

a substantially annular implant) as a cardiac valve augmenting implant; c) securing 

(e.g., by suturing, adhesing, stapling) the first portion of the implant to the valve seat 

edge at a plurality (e.g., at least 3, generally at least 6, usually more) oflocations; and 

d) securing (e.~., by suturing, adhesing, stapling) the second portion of the implant to 

15 the valve periphery edge at a plurality (e.g., at least 3, generally at least 6, usually 

more) of locations, thereby augmenting a surface area of tissue surrounding the 

cardiac valve with the implan~ and in embodiments allowing relocation of the cardiac 

valve. In embodiments, spare portions of the implant are trimmed. It is important to 

note that the steps of the method may be performed in any rational order and not 

20 necessarily in the order listed above. For example, in embodiments, a precedes c 

and/or d; a succeeds c and/or d; c precedes d; d precedes c. 

In embodiments, a valve (such as a mitral valve) is excised intact (that is, 

where the leaflets (in the case of a mitral valve, the posterior and the anterior leaflets) 

remain associated through the commissures from the valve annulus. In embodiments, 

25 the thus excised valve is secured to the second portion of the implant, preferably still 

intact. 

30 

In embodiments, the cardiac valve is a mitral valve. 

In embodiments, the augmentation of the tissue surrounding the valve 

improves coaptation of leaflets of the cardiac valve. 

As noted above, an implant used in augmenting the tissue surrounding a 

cardiac valve in accordance with the teachings of the present invention includes a 

wall, the wall delimited by two edges each in the shape of a closed curve and defining 

a lumen. Suitable closed curve shapes of the edges of an implant include, but are not 
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limited to circles, ovals, ellipses, oblate ovals, oblate ellipses and oblate circles. Any 

suitable material or combination of materials may be used for fashioning a wall of an 

implant, both synthetic and biological as is detailed hereinbelow. 

In embodiments, a valve augmenting implant is substantially a flat sheet of 

5 material with a hole therethrough, where the first edge is the outer edge of the flat 

sheet and the second edge is the edge of the hole. In such embodiments, the first 

region, that which is secured to the valve seat edge of the incision is a portion of the 

sheet closer to the first edge (edge of the sheet) than the second region which is closer 

to the second edge (the edge of the hole) and to which the valve periphery edge of the 

10 incision is secured. In embodiments, the flat sheet of material is in the shape of an 

annulus or ring. In embodiments the two edges are of the same shape. In 

embodiments, the two edges describe shapes that are substantially concentric. 

In embodiments, augmentation of tissue surrounding the cardiac valve and 

_ subsequent relocation of a cardiac valve in accordance with the teachings of the 

15 present invention is performed with the use of a valve augmenting implant that is 

substantially an apparatus as described above comprising a ring including a 

membrane. However, instead of attaching a leaflet to the membrane, the valve 1s 

detached from a respective annulus (preferably substantially intact, that is where the 

leaflets are associated through substantially intact commissures) and then secured to 

20 the edge of the lumen defined by the hole in the membrane. In such embodiments, the 

first portion of the implant that is secured to the valve seat edge is the ring or in 

proximity to the ring while the second portion of the implant that is secured to the 

valve periphery edge is near the periphery of the hole in the membrane. 

In embodiments, augmentation of tissue surrounding the cardiac valve and 

25 subsequent relocation of a cardiac valve in accordance with the teachings of the 

present invention is performed with the use of a substantially tubular cardiac valve 

augmenting implant that is substantially a tube of material having a proximal end and 

a distal end with a lumen passing therebetween, where the first edge is the rim of the 

proximal end and the second edge is the rim of the distal end. In such embodiments, 

30 the first region, that which is secured to the valve seat edge of the incision is a portion 

of the tube closer to the first edge (proximal rim) than the second region which is 

closer to the second edge (distal rim) and to which the mitral valve edge of the 

incision is secured. In embodiments, the tube is substantially parallel walled. In 
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embodiments, the distal rim and the proximal rim are of substantially the same size. In 

embodiments, the distal end and the proximal end are coaxial. In embodiments, the 

distal end and the proximal end are not-coaxial. In embodiments, the proximal rim is 

substantially larger than the distal rim. In embodiments, the tubular wall is 

5 substantially a truncated cone. In embodiments, the distal end and the proximal end 

are coaxial. In embodiments, the distal end and the proximal end are not-coaxial. In 

embodiments, the tubular wall is substantially frustoconical. In embodiments, the 

ends of the truncated cone are substantially not parallel. 

In embodiments, especially embodiments where the tubular cardiac valve 

IO augmenting implant is axially extensible and axially bendable, relocation of a heart 

valve in accordance with the teachings of the present invention allows long-term 

maintenance of leaflet coaptation, even in the event of continued cardiac remodeling, 

and reduces deformation of the valve during heart movement. 

In embodiments, relocation of a cardiac valve in accordance with the teachings 

15 of the present invention is useful for restoring adequate sealing of leaky cardiac 

valves. 

20 

In embodiments, relocation of a cardiac valve in accordance with the teachings 

of the present invention is useful for restoring proper tension to improperly tensioned 

tendineae chordae. 

Thus, according to the teachings of the present invention there is also provided 

a method for relocating a cardiac valve distally to a cardiac valve annulus, the method 

comprising: a) providing a substantially tubular cardiac valve augmenting implant 

comprising a substantially tubular wall defining a lumen, the implant having a 

proximal portion and a distal portion; b) detaching a cardiac valve from a cardiac 

25 valve annulus located between an atrium and a ventricle (e.g., mitral valve, tricuspid 

valve) of a subject (human or non-human mammal); c) securing (e.g., by suturing, 

adhesing and stapling) the cardiac valve to the distal portion of the tubular implant; 

and d) securing (e.g., by suturing, adhesing and stapling) the proximal portion of the 

tubular implant in the proximity of the cardiac valve annulus so that the valve is distal 

30 to the valve annulus, thereby providing fluid communication between the atrium and 

the ventricle through the lumen and through the cardiac valve. 
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In embodiments, securing the cardiac valve to the distal portion of the 

substantially tubular implant precedes the detaching of the cardiac valve from the 

cardiac valve annulus. 

In embodiments, securing the cardiac valve to the distal portion of the 

5 substantially tubular implant is subsequent to the detaching of the cardiac valve from 

the cardiac valve annulus. 

In embodiments, the cardiac valve is detached from the cardiac valve annulus 

substantially intact, for example as a complete functioning unit. For example, in 

embodiments, the cardiac valve is detached so that leaflets of the valve are mutually 

l 0 associated through substantially intact cornmissures of the valve. 

In embodiments, the cardiac valve is secured so that at least part of the cardiac 

valve is located over a distal end of the substantially tubular implant 

In embodiments, the cardiac valve is secured inside the lumen. 

In embodiments, the cardiac valve is secured abutting against a distal end of 

15 the substantially tubular implant. 

In embodiments, the cardiac valve is secured to the tubular wall. 

In embodiments, the cardiac valve is secured to a ring-shaped component 

distinct from the tubular wall secured to the tubular wall at the distal portion of the 

apparatus. In embodiments, the cardiac valve is secured over a ring-shaped 

20 component distinct from the tubular wall secured to the tubular wall at the distal 

portion of the apparatus .. Such a ring-shaped component can be considered as a 

prosthetic cardiac valve annulus. In embodiments, the ring-shaped component is 

substantially rigid. In embodiments, a first sector of the ring-shaped component is 

substantially rigid and a second sector of the ring-shaped component is substantially 

25 less rigid than the first sector. 

In embodiments, the proximal portion of the substantially tubular implant is 

attached to the inner rim of the cardiac valve annulus. In embodiments, the proximal 

portion of the substantially tubular implant is attached above the inner rim of the 

cardiac valve annulus so that at least a portion of the apparatus is located over the 

30 inner rim of the cardiac annulus, for example to a portion of an inner wall of the 

atrium above the cardiac annulus or to a ring-shaped component (such as a prior art 

annuloplasty ring) located above the inner rim of the cardiac valve annulus. In 
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embodiments, the proximal portion of the substantially tubular implant is attached 

below the inner rim of the cardiac valve annulus. 

According to the teachings of the present invention, there is also provided a 

substantially tubular cardiac valve augmenting implant configured for implantation in 

5 a mammalian heart comprising: a) a substantially tubular wall defining a lumen, 

comprising a proximal portion with a proximal end, a distal portion with a distal end, 

an outer surface and a luminal surface; and b) associated with the distal end, a ring­

shaped component thicker in the radial direction than the wall wherein the tubular 

wall is fashioned of substantially impermeable materials. Although, the method of the 

10 present invention is potentially implementable with many substantially tubular 

implant (for example, with a tube of tissue from an animal source), it is advantageous 

to implement the method of the present invention using a substantially tubular cardiac 

valve augmenting implant of the present invention. 

Generally, the proximal portion of the tubular wall of a substantially tubular 

15 implant of the present invention is configured for attachment to a cardiac valve 

annulus (i.e., near the valve seat edge of the incision used to detach the cardiac valve) 

and functions as an extender that relocates the valve distally (i.e., lowers the valve 

into the ventricle). 

In embodiments, a ring-shaped component associated with the distal end of the 

20 substantially tubular wall of a substantially tubular implant of the present invention 

functions as a prosthetic valve annulus, and in embodiments can be considered as an 

annuloplasty ring. In embodiments, the ring-shaped component is a prior-art 

annuloplasty ring associated with a substantially tubular wall. 

In embodiments, at least a portion of the ring-shaped component is secured to 

25 the distal end of the substantially tubular wall by methods, including but not limited 

to, sewing, adhesion, gluing, suturing, riveting, stapling or welding. 

30 

The cross section of the ring (substantially perpendicular to the lumen of the 

ring) is of any suitable shape, including but not limited to round, oval, ovoid, square, 

rectangular, L-shaped and T-shaped. 

In embodiments, the thickness of the ring-shaped component in the radial 

direction is at least about 1 millimeter, at least about 2 millimeter and even at least 

about 3 millimeter. In embodiments, the thickness of the ring-shaped component in 

the radial direction is no more than about 6 millimeter. 
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In embodiments, the ring-shaped component has a height of at least about 0.4 

millimeter. In embodiments, the ring-shaped component has a height of no more than 

about 2.5 millimeter. 

In embodiments, the ring-shaped component associated with the distal end of 

5 the substantially tubular wall is configured for attachment of the periphery of a 

cardiac valve, that is to say, the periphery of a substantially intact cardiac valve or 

components thereof are attachable to the ring-shaped component. In embodiments, the 

ring-shaped component is piercable, that is can be pierced without substantially 

degrading structural properties of the ring-shaped component, e.g. by sutures or 

10 staples used to secure a valve to the ring-shaped component. 

In embodiments, the ring-shaped component protrudes into the lumen of the 

substantially tubular wall, in embodiments by at least about l millimeter, at least 

about 2 millimeter and even at least about 3 millimeter. In embodiments, the ring­

shaped component protrudes into the lumen of the substantially tubular wall by no 

15 more than about 5 millimeter. In such a way, in embodiments the ring-shaped 

component defines a ledge to which the periphery of a cardiac valve is attachable. In 

embodiments, the ring-shaped component is substantially flush with the outer surface 

of the substantially tubular wall. 

In embodiments, the ring-shaped component protrudes outwards from the 

20 outer surface of the substantially tubular wall, in embodiments by at least about l 

millimeter, at least about 2 millimeter and even at least about 3 millimeter. In 

embodiments, the ring-shaped component protrudes outwards from the outer surface 

of the substantially tubular wall, by no more than about 5 millimeter. In such a way, 

in embodiments the ring-shaped component defines a ledge to which the periphery of 

25 a cardiac valve is attachable. In embodiments, the ring-shaped component is 

substantially flush with the luminal surface of the wall. 

In embodiments, the ring-shaped component 1s substantially flat. In 

embodiments, the ring-shaped component is not flat, e.g. curved. 

In embodiments, the ring-shaped component describes a circle or an oblate 

30 circle. In embodiments, the ring-shaped component describes an ellipse or an oblate 

ellipse. In embodiments, the ring-shaped component describes an ovoid or an oblate 

ovoid. 
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In embodiments, the ring-shaped component 1s substantially rigid, that 1s 

substantially non-deformable both axially and radially. 

In embodiments, the ring-shaped component 1s substantially radially non­

expandable, that is, is not configured for increasing a circumference in the manner of 

5 a stent or the like. In embodiments, the ring-shaped component is substantially 

radially non-collapsible, that is, is not configured for decreasing a circumference in 

the manner of a stent or the like. 

In embodiments, the ring-shaped component is substantially axially rigid. 

In embodiments, the ring-shaped component is substantially flexible, that is, is 

10 deformable without changing circumference. 

In embodiments, the ring-shaped component is substantially uniform, having 

substantially uniform properties around the circumference. 

In embodiments, the ring-shaped component comprises at least two sectors, a 

first sector and a second sector more flexible than the first sector. In embodiments, the 

15 first sector is substantially rigid. In embodiments, the first sector is substantially 

flexible and the second sector even more flexible. 

The ring:-shaped component is fashioned of any suitable material or materials, 

including monolithic, woven, braided, molded, stamped and laminated materials. In 

embodiments, the ring shaped component comprises, essentially consists of or even 

20 consists of materials such as nitinol, stainless steel shape memory materials, metals, 

synthetic biostable polymer, a natural polymer, an inorganic material, titanium, 

pyrolytic carbon, a plastic, a titanium mesh and polydimethylsiloxane. Suitable 

biostable polymers include polymers such as polyolefins, polyethylenes, 

polytetrafluoroethylenes, polycarbonates, polyurethanes, fluorinated polyolefins, 

25 chlorinated polyolefins, polyamides, acrylate polymers, acrylamide polymers, vinyl 

polymers, polyacetals, polyethers, aromatic polyesters, polyetherether ketones, 

polysulfones, silicone rubbers, thermoset materials, polyesters and/or combinations 

thereof. 

In embodiments, the thickness of the tubular wall is at least 0.05 millimeter at 

30 least about 0.1 millimeter and even at least about 0.2 millimeter. In embodiments, the 

thickness of the tubular wall is no more than about 2 millimeter, no more than about l 

millimeter and even no more than about 0.5 millimeter. 
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In embodiments the cross-sectional area of the lumen at the proximal end of 

the substantially tubular wall is less than about 28.3 cm2 
( equivalent to a circular 

lumen having a diameter of about 6 cm), less than about 19.6 cm2 (equivalent to a 

circular lumen having a diameter of about 5 cm) and even less than about 15.9 cm2 

5 (equivalent to a circular lumen having a diameter of about 4.5 cm). 

In embodiments the cross-sectional area of the lumen at the proximal end of 

the substantially tubular wall is greater than about 1.8 cm2 (equivalent to a circular 

lumen having a diameter of about 1.5 cm), greater than about 3.1 cm2 (equivalent to a 

circular lumen having a diameter of about 2 cm), greater than about 4.9 cm2 

10 ( equivalent to a circular lumen having a diameter of about 2.5 cm) and even greater 

than about 7 .1 cm2 
( equivalent to a circular lumen having a diameter of about 3 cm). 

15 

In embodiments, the cross-sectional area of the lumen at the proximal end of 

the substantially tubular wall is substantially equal to the cross-sectional area of the 

lumen at the distal end of the substantially tubular implant. 

In embodiments, the cross-sectional area of the lumen at the proximal end of 

the substantially tubular implant is greater than the cross-sectional area of the lumen 

at the distal end of the substantially tubular implant. In embodiments, the cross­

sectional area of the lumen at the distal end of the substantially tubular implant is less 

than about 90%, less than about 80%, less than about 70% and even less than about 

20 60% of the cross-sectional area of the lumen at the proximal end of the substantially 

tubular implant. 

In embodiments exceptionally suitable, for example, for implantation in a 

human heart, the cross-sectional area of the lumen at the proximal end of the 

substantially tubular implant is between about 15.9 cm2 (equivalent to a circular 

25 lumen having a diameter of about 4.5 cm) and about 7.1 cm2 
( equivalent to a circular 

lumen having a diameter of about 3 cm) and the cross-sectional area of the lumen at 

the distal end of the substantially tubular implant is between about 5.3 cm2 (equivalent 

to a circular lumen having a diameter of about 2.6 cm) and about 8.6 crn2 
( equivalent 

to a circular lumen having a diameter of about 3.3 cm) 

30 In embodiments, the luminal surface is substantially smooth, allowing a 

smooth flow of blood through the lumen. 

In embodiments, the proximal portion of the substantially tubular wall Is 

radially expandable. In embodiments, the proximal portion of the tubular wall Is 
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radially elastic. In such a way, the proximal portion can be stretched to smoothly 

conform to the size of a native cardiac valve annulus 

In embodiments, the substantially tubular wall is axially bendable. 

In embodiments, the length (rest length, that is length in an unstressed state) of 

5 the substantially tubular wall and the ring-shaped component together is greater than 

about 2 millimeter and even greater than about 3 millimeter. In embodiments, the 

length of the substantially tubular wall and the ring-shaped component is less than 

about 30 millimeter, less than about 25 millimeter and even less than about l 0 

millimeter. 

l 0 In embodiments, the substantially tubular wall is axially extensible. In 

embodiments, the substantially tubular wall is reversibly axially extensible and 

compressible. In embodiments, the substantially tubular wall is elastically axially 

extensible and compressible. In embodiments, the axial extensibility is from about 2 

mm to about 12 mm. In embodiments, the axial extensibility is at least about 1.3 

15 times, at least about 1.5 times and even at least about 2 times the length the of the 

tubular wall. 

In embodiments, the substantially tubular wall is substantially radially non­

expandable, that is, is not configured for increasing a circumference. In embodiments, 

the substantially tubular wall is substantially radially non-collapsible, that is, is not 

20 configured for decreasing a circumference. 

In embodiments, the substantially tubular wall is substantially radially rigid, 

that is, substantially radially non-deformable. 

In embodiments, the substantially tubular wall is substantially radially 

flexible, that is, is deformable without changing circumference. 

25 In embodiments, the substantially tubular wall consists essentially of one 

material. 

In embodiments, the distal portion of the substantially tubular wall consists 

essentially of a first material and the proximal portion of the substantially tubular wall 

consists essentially of a second material. 

30 In embodiments, at least one impermeable material from which the 

substantially tubular wall is fashioned essentially consists of polyester (e.g., Dacron). 

In embodiments, at least one impermeable material from which the substantially 

tubular wall is fashioned essentially consists of woven polyester (e.g., Dacron). 
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In embodiments, at least one impermeable material comprises a tissue from an 

animal source. In embodiments, the tissue is selected from the group consisting of 

serous tissue, pericardium, pleura and peritoneum. In embodiments, the animal source 

is a source from the group consisting of bovine, porcine, equine and human. 

5 In embodiments, the substantially tubular wall is radially pleated, m 

embodiments the radial pleating being such that the substantially tubular wall 1s 

axially bendable and substantially radially rigid, analogously to a concertina. 

In embodiments, the apparatus further comprises at least one reinforcement 

component functionally associated with the substantially tubular wall. In 

1 0 embodiments, the at least one reinforcement component provides the substantially 

tubular wall, at least in part, with axial bendability. In embodiments, the at least one 

reinforcement component provides the substantially tubular wall, at least in part, with 

axial extensibility. In embodiments, the at least one reinforcement component 

provides the substantially tubular wall, at least in part, with radial rigidit¥. 

15 In embodiments, at least one reinforcement component is encased within the 

substantially tubular wall. In embodiments, at least one reinforcement component is 

secured to the outside surface of the substantially tubular wall. In embodiments, at 

least one the reinforcement component is secured to the luminal surface of the 

substantially tubular wall. 

20 In embodiments, at least one the reinforcement component comprises a helical 

coil coaxial with the substantially tubular wall, such as a parallel-walled or conical 

helical spring. 

In embodiments, at least one reinforcement component comprises a 

reinforcement ring coaxial and associated with the substantially tubular wall. In 

25 embodiments, at least one reinforcement component comprises a series of 

reinforcement rings coaxial and associated with the substantially tubular wall. 

The present invention also provides for the manufacture of implants such as 

annuloplasty apparatus and cardiac valve augmenting implants such as described 

herein. Thus according to the teachings of the present invention there is also provided 

30 for the use of a sheet of an implantable material for the manufacture of a cardiac valve 

augmenting implant, the implant including a wall comprising the material, the wall 

delimited by two edges each having a shape of a closed curve and defining a lumen. 
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In embodiments, the wall is substantially annular. In embodiments, a first edge 

is a periphery of the wall and a second edge is a periphery of the hole of the wall. 

In embodiments, the wall is substantially tubular. In embodiments, a first edge 

is a periphery of a proximal end of the wall and a second edge is a periphery of a 

5 distal end of the wall. 

In embodiments, the second edge is configured to be secured. to an excised 

cardiac valve and a first edge is configured to be secured to a mitral valve seat, e.g., in 

proximity of a mitral valve annulus. 

According to the teachings of the present invention there is also provided a 

IO method of producing a cardiac implant, comprising: a) providing a sheet of 

implantable material; and b) fashioning the material in the shape of a wall of the 

cardiac implant, the wall delimited by two edges each having a shape of a closed 

curve and defining a lumen. 

In embodiments, the wall is substantially annular._ In embodiments, a first edge 

15 is a periphery of the wall and a second edge is a periphery of the hole of the wall. 

In embodiments, the wall is substantially tubular. In embodiments, a first edge 

is a periphery of a proximal end of the wall and a second edge is a periphery of a 

distal end of the wall. 

In embodiments, the second edge is configured to be secured to an excised 

20 cardiac valve and a first edge is configured to be secured to a mitral valve seat. 

Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to 

which this invention belongs. Although methods and materials similar or equivalent to 

25 those described herein can be used in the practice or testing of the present invention, 

suitable methods and materials are described below. In case of conflict, the patent 

specification, including definitions, will control. In addition, the materials, methods, 

and examples are illustrative only and not intended to be limiting. 

As used herein, the terms "comprising" and "including" or grammatical 

30 variants thereof are to be taken as specifying the stated features, integers, steps or 

components but do not preclude the addition of one or more additional features, 

integers, steps, components or groups thereof. This term encompasses the terms 

"consisting of' and "consisting essentially of'. 
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The phrase "consisting essentially of' or grammatical variants thereof when 

used herein are to be taken as specifying the stated features, integers, steps or 

components but do not preclude the addition of one or more additional features, 

integers, steps, components or groups thereof but only if the additional features, 

5 integers, steps, components or groups thereof do not materially alter the basic and 

novel characteristics of the claimed composition, device or method. 

As used herein, the indefinite articles "a" and "an" mean "at least one" or "one 

or more". 

BRIEF DESCRIPTION OF THE ORA WINGS 

The invention is herein described, by way of example only, with reference to 

the accompanying drawings. With specific reference now to the drawings in detail, it 

is stressed that the particulars shown are by way of example and for purposes of 

illustrative discussion of the preferred empodiments of the present invention only, and 

15 are presented in the cause of providing what is believed to be the most useful and 

readily understood description of the principles and conceptual aspects of the 

invention. In this regard, no attempt is made to show structural details of the invention 

in more detail than is necessary for a fundamental understanding of the invention, the 

description taken with the drawings making apparent to those skilled in the art how 

20 the several forms of the invention may be embodied in practice. 

In the drawings: 

FIG. 1 (prior art) is a schematic depiction of a healthy heart in cross section; 

FIGS. 2A and 2B (prior art) depict a mitral valve of a healthy heart; 

FIGS. 3A and 3B (prior art) depict a mitral valve of a heart suffering from 

25 ischemic mitral regurgitation related to incomplete coaptation of the leaflets of the 

mitral valve; 

FIG. 4 shows an aerial view of an improperly functioning mitral valve with a 

detached anterior leaflet, according to an embodiment of the invention; 

FIGS. 5-6 show an annuloplasty apparatus being deployed in the mitral valve 

30 shown in Figure 4, according to an embodiment of the invention; 

FIGS. 7, 8A and 8B show augmentation of the anterior mitral valve leaflet 

using the annuloplasty apparatus shown in Figures 5-6, according to an embodiment 

of the invention; and 
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FIGS 9, 1 OA and 1 OB show reconstruction of both the anterior and posterior 

mitral valve leaflets using the annuloplasty apparatus shown in Figures 5-6, according 

to an embodiment of the invention. 

FIG. 11 depicts an aerial view of an improperly functioning mitral valve, 

5 severed from a valve annulus about the periphery of the valve so as to leave the valve 

leaflets associated through the commissures so that the valve is substantially intact, 

according to embodiments of the invention; 

FIGS. 12A-12F depict various stages of an embodiment of the method of the 

present invention where the tissue surrounding a mitral valve such as depicted in 

10 Figure 11 is augmented with an implant that is substantially a ring such as depicted in 

Figure 5, the method leading to valve relocation downwards into the left atrium and 

increased leaflet coaptation; 

FIG. 13 depicts a substantially tubular cardiac valve augmenting implant, 

according to embodiments of the invention; 

15 FIGS. 14A and 14B depict mitral valve leaflets being attached to the valve 

augmenting implant of Figure 12, according to embodiments of the invention. 

FIG. 15 depicts the valve augmenting implant of Figure 4 implanted in a heart, 

in cross section; 

FIG. 16 depicts the valve augmenting implant of Figure 4 implanted in a heart, 

20 in cross section subsequent to continued remodeling; 

FIGS. 17 A-l 7E, l 8A-l 8D, l 9A-l 9D and 20A-20C depict embodiments of the 

substantially tubular valve augmenting implant of the present invention; 

FIG. 21 depicts an embodiment of a valve attached to a substantially tubular 

valve augmenting implant of the present invention; 

25 FIGS. 22A, 22B and 22C depict embodiments of attachment of the proximal 

portion of a substantially valve augmenting implant of the present invention relative 

to a cardiac valve annulus; and 

FIGS. 23A, 23B and 23C depict embodiments of ring-shaped components of 

substantially tubular valve augmenting implants of the present invention, in top view, 

30 cross section and perspective. 
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DESCRIPTION OF EMBODIMENTS 

The present invention relates to methods and devices for treatments of cardiac 

valves by tissue augmentation that in embodiments are useful for improving cardiac 

leaflet coaptation, especially of the mitral valve. Generally, according to the teachings 

5 of the present invention the subvalvular apparatus is preserved. 

The principles and uses of the teachings of the present invention may be better 

understood with reference to the accompanying description, Figures and examples. In 

the Figures, like reference numerals refer to like parts throughout. 

Before explaining at least one embodiment of the invention in detail, it is to be 

10 understood that the invention is not limited in its application to the details set forth 

herein. The invention can be implemented with other embodiments and can be 

practiced or carried out in various ways. 

Embodiments of the present invention successfully address at least some of 

the shortc~mings of the prior art by providing a simple method of augmenting cardiac 

15 valve leaflets. Thus, the teachings of the present invention allow a cardiac leaflet to be 

augmented and therefore embodiments are useful for treating a condition where 

cardiac valve augmentation is beneficial, such as mitral valve insufficiency, for 

example ischemic mitral regurgitation. 

Embodiments of the present invention successfully address at least some of 

20 the shortcomings of the prior art by providing a simple method of augmenting the 

tissue around a cardiac valve. In embodiments, this leads to cardiac valve relocation 

that improves leaflet coaptation. Thus, the teachings of the present invention allow a 

cardiac valve to be augmented and therefore embodiments are useful for treating a 

condition where cardiac valve relocation is beneficial, such as mitral valve 

25 insufficiency, for example ischemic mitral regurgitation. 

As noted above and depicted in Figures 3A and 3B, in a heart 50 suffering 

from ischemic mitral regurgitation mitral valve 26 and associated chordae 46 and 48 

are patent. The insufficient coaptation of leaflets 38 and 40 that leads to the 

regurgitation of blood is a result of deformation of mitral valve annulus 34 and 

30 misdirected pulling forces applied through chordae 46 and 48 to leaflets 38 and 40, 

both resulting from necrosis and consequent deformation of the wall of left ventricle 

28. In such cases, the regurgitation may be treated by improving leaflet coaptation. 

Embodiments of the present invention are useful in augmenting cardiac valve leaflets, 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 792 of 1441



WO 2007/138572 23 PCT /IL2007 /000615 

especially for treating a condition where such augmentation is beneficial. 

Embodiments of the present invention are useful in augmenting the tissue surrounding 

a cardiac valve, especially for treating a condition where such augmentation is 

beneficial. In order to simplify understanding the teachings of the present invention 

5 embodiments of the present invention will be discussed in the context of treating a 

mitral valve suffering from ischemic mitral regurgitation where the teachings of the 

present invention are directed to increasing leaflet coaptation and thus treat the 

ischemic mitral regurgitation, such as mitral valve 50 depicted in Figures 3A and 3B. 

By treating a condition is meant curing the condition, treating the condition, 

10 preventing the condition, treating symptoms of the condition, curing symptoms of the 

condition, ameliorating symptoms of the condition, treating effects of the condition, 

ameliorating effects of the condition, and preventing results of the condition. 

Leaflet Augmentation 

15 A first aspect of the present invention relates to augmentation of a cardiac 

leaflet, for example a posterior mitral valve leaflet. A mitral valve leaflet is detached, 

an annuloplasty ring with an attached membrane implanted in the substantially usual 

way, and the leaflet reattached to the membrane, effectively augmenting the leaflet, 

that in embodiments improves leaflet coaptation. An embodiment of leaflet 

20 augmentation in accordance with a method of the present invention is discussed with 

reference to Figures 4, 5, 6, 7, 8A, 8B, 9, lOA and lOB. 

Referring to Figure 4, an aerial view of a malfunctioning mitral valve 26 is 

shown along with mitral valve annulus 34 and adjacent left atrium floor tissue 52. 

Posterior leaflet 40 has been left intact while anterior leaflet 38 has been surgically 

25 incised, separated from annulus 34 and is shown floating in lumen 36. 

30 

Figure 5 shows an annuloplasty apparatus 54 of the present invention 

including a ring 56 and a membrane 58 substantially coplanar with ring 56. It is seen 

that membrane 58 partially covers the lumen of ring 56 around the entire periphery of 

the lumen of the ring 56. 

Ring 56 may be rigid, fashioned from any one or more of various materials, 

for example, titanium, stainless steel, pyrolytic carbon and various plastics, as noted 

above. Alternatively, ring 56 may be flexible, fashioned from any one or more of 
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various materials, including a titanium mesh, Dacron, silicon rubber, polyethylene, 

and polytetrafluorethylene, as noted above 

Membrane 58 covers ring 56 and is configured so as to allow sutures or the 

like to pass through membrane 58 without substantial tearing of membrane 58, 

5 allowing annuloplasty apparatus 54 to be secured in heart tissue such as annulus 34 or 

in proximity thereof with sutures 60. In embodiments, annuloplasty apparatus 54 is 

secured to heart tissue by passing sutures 60 through membrane 58 preferably 

proximate to ring 56, for example through membrane 58 and looping around ring 56. 

In Figure 5, membrane 58 covers ring 56 and sutures 60 have been passed 

10 through ring 56 and through mitral valve annulus 34. 

Figure 6 shows annuloplasty apparatus 54 fully sutured to the vicinity of 

mitral valve annulus 34 with inverted mattress knots in sutures 60. Membrane 58 

extends inwards to partially obstruct lumen 36. 

Figures 7 shows anterior leaflet 38 exposed along with a portion of membrane 

15 58a that has been trimmed to be suitable for attachment of anterior leaflet 38 thereto. 

Figure 8A shows an annular edge 62 of an anterior leaflet 38 attached to a 

trimmed portion 58a of membrane 58 with sutures 64. 

Figure 8B shows a cross sectional long axis view of heart 50, with 

annuloplasty apparatus 54 after anterior leaflet 38 has been augmented in accordance 

20 with the teachings of the present invention. Ring 56 of annuloplasty apparatus 54 is 

secured to the vicinity of mitral annulus 34 with sutures 60 to function substantially as 

a prior art annuloplasty ring. Membrane 58 of annuloplasty apparatus 54 is trimmed to 

two portions. Portion 58b above posterior leaflet 40 is trimmed to close with ring 56 

so as not to interfere with blood flow through mitral valve 26 and proper functioning 

25 of posterior leaflet 40. Anterior leaflet 38 is secured to portion 58a of membrane 58 

with sutures 64 through annular edge 62 where anterior leaflet 38 was removed from 

annulus 34. Portion 58a effectively augments anterior leaflet 38, increasing the 

surface area and the length of anterior leaflet 38. Augmentation of anterior leaflet 38 

restores and increases coaptation surface 42 between leaflets 38 and 40 ( compare with 

30 Figure 3B). As depicted in Figure 8B, coaptation surface 42 has a length of 

approximately IO to 12 millimeters 

It is expected that in embodiments, due to the extent of augmentation of 

coaptation 42 between augmented anterior leaflet 38 and posterior leaflet 40, 

Edwards Lifesciences Corporation, et al. Exhibit 1016, p. 794 of 1441



WO 2007/138572 25 PCT /IL2007 /000615 

continued remodeling of heart 50 will not result m clinically significant loss or 

reduction of coaptation 

In certain pathologies, a posterior leaflet 40 is severely misaligned or, as seen 

in rheumatic hearts or hearts suffering from mitral annular calcification, severely 

5 misshapen. In other instances, a posterior leaflet 40 includes tissue defects, e.g., 

congenital defects, following debridement of endocarditis and following excision of 

cardiac tumors. In such cases, an annuloplasty apparatus of the present invention such 

as 54 is implanted in heart 50 substantially as described above but membrane 58 is 

trimmed substantially differently so that the portion of membrane 58 close to posterior 

10 leaflet 40 acts as a prosthetic posterior leaflet as depicted in Figures 9, lOA and 10B. 

In Figure 9 is seen how annuloplasty apparatus 54 is secured to mitral annulus 

34 with inverted mattress sutures 60 and membrane 58 trimmed to two portions 58a 

proximate to anterior leaflet 38 and 58b proximate to posterior leaflet 40. 

In Figure 1 OA, is seen that anterior leaflet 38 is secured to portion 58a of 

15 membrane 58 with sutures 64, substantially as described above. 

In Figure 1 OB is seen how anterior leaflet 38 augmented with portion 58a of 

membrane 58 coapts with portion 58b of membrane 58 at coaptation surface 42 rather 

than with posterior leaflet 40. 

As noted above, it is expected that in embodiments, due to the extent of 

20 augmentation of coaptation 42 between augmented anterior leaflet 38 and membrane 

portion 58b, continued remodeling of heart 50 will not result in clinically significant 

loss or reduction of coaptation 

Augmentation of tissue surrounding a cardiac valve 

25 As noted above, an additional aspect of the present invention relates to 

augmentation of the tissue surrounding a cardiac valve. Generally, an implant 

including a wall, the wall delimited by two edges each in the shape of a closed curve 

and defining a lumen. (e.g., a tube or annulus) is provided as a cardiac valve 

augmenting implant. The cardiac valve is detached from the valve annulus and 

30 secured to one edge of the implant while the other edge of the implant is secured to 

the valve annulus, thereby augmenting the tissue surrounding the valve. In 

embodiments, the implant allows distal relocation of a cardiac valve from a native 

position attached to a native valve annulus located between a ventricle and an atrium 
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downwards into the ventricle. In embodiments, such relocation alleviates the 

deforming effect of forces applied to the valve, for example through the valve annulus 

and tendineae chordae, resulting from deformation of the heart, for example due to 

cardiac remodeling. In embodiments, relocation of a heart valve in accordance with 

5 the teachings of the present invention increases the magnitude ofleaflet coaptation by 

allowing for realignment of the cardiac valve leaflets (for example mitral valve 

leaflets), improving valve function. Some embodiments of the aspect of the invention 

may be useful in treating conditions, for example mitral insufficiency such as 

ischemic mitral regurgitation. 

IO Augmentation of tissue surrounding a cardiac valve in accordance with the 

teachings of the present invention is described hereinbelow with reference to a mitral 

valve such as mitral valve 26 of heart 50 depicted in Figures 3 where the purpose of 

the augmentation is to restore coaptation of leaflets 38 and 40. 

Using standard methods with which one skilled in the art is familiar, the 

15 subject is attached to a cardio-pulmonary bypass. Heart 50 is accessed using any open 

surgical approach, e.g., median sternotomy, right or left thoracotomy. Alternatively, 

the heart is accessed using minimally invasive techniques, for example using a port 

access approach. The interior of heart 50 is exposed by any of several approaches, 

e.g., right or left sided atriotomy, transseptal incision, with or without left atrial roof 

20 opening. During repair heart 50 may be fibrillating or arrested. 

With the interior of heart 50 exposed, rriitral valve 26 is detached from mitral 

valve annulus 34 substantially intact so as to leave leaflets 38 and 40 associated 

through commissures 41 so that valve 26 is floating freely within left ventricle 28 as 

depicted in Figure 11. The incision that detaches mitral valve 26 from mitral valve 

25 annulus 34 defines a valve seat edge 68 and a valve periphery edge 70. For reference, 

annulus 34 is shown adjoining a subaortic curtain 66. 

Subsequently, a cardiac valve augmenting implant is implanted, the implant 

including a wall, the wall delimited by two edges each in the shape of a closed curve 

and defining a lumen. Such implants include substantially annular implants and 

30 substantially tubular implants. 
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Substantially annular cardiac valve augmenting implant 

In embodiments, augmentation of tissue surrounding a cardiac valve is 

performed with the use of a substantially annular cardiac valve augmenting implant. 

In such embodiments, a first region at or near the periphery of the wall (first edge) of 

5 the implant is secured at or near a valve seat edge 68. In such embodiments, a mitral 

valve 26 is secured (at or near a valve periphery edge 70 of mitral valve 26) to a 

second region of the implant at or near the edge of the lumen (second edge) of the 

implant defined by the hole in the implant. 

An embodiment of augmenting tissue surrounding a cardiac valve in 

10 accordance with the teachings of the present invention is discussed with reference to 

Figures 12A-12F. 

As depicted in Figure 12A, after preparing a mitral valve 26 as discussed 

above with reference to Figure 11, an annuloplasty apparatus 54 is placed in heart 50 

in proximity to mitral valve 26. Annuloplasty apparatus 54 is as discussed above and 

15 includes a ring 56 and a membrane 58 with a hole therethrough. Ring 56 and 

membrane 58 together constitute a wall of apparatus 54. The periphery of ring 56 

defines the periphery of the wall of apparatus 54 which is also the first edge of 

apparatus 54. The rim of the hole through membrane 58 defines the second edge of 

apparatus 54 and thus defines the lumen of apparatus 54. Not depicted is that the hole 

20 through membrane 58 has been trimmed to a desired size to accommodate mitral 

valve 26. Sutures 64 are passed through mitral valve 26 near valve periphery edge 70 

and through membrane 58 in a first region of membrane 58 near the periphery of the 

hole through membrane 58. 

As depicted in Figure 12B, sutures 64 are tightened and knotted so as to secure 

25 mitral valve 26 to membrane 58, making a strong and leak-proof seal between valve 

periphery edge 70 and the second edge of apparatus 54. 

As depicted in Figure l 2C, sutures 60 are passed through a region of heart 

tissue near valve seat edge 68 and through ring 56 of apparatus 54. 

As depicted in Figure 12D, sutures 60 are tightened and knotted using inverted 

30 mattress sutures so as to secure apparatus 54 through ring 56 in proximity to valve 

seat edge 68, making a strong and leak-proof seal between valve seat edge 68 and the 

first edge of apparatus 54. 
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As depicted in Figure l 2E, subsequent to augmentation of tissue surrounding a 

cardiac valve with a substantially annular cardiac valve augmenting implant such as 

apparatus 54 in accordance with the teachings of the present invention, coaptation 42 

of leaflets 38 and 40 is restored and or improved to a significant extent. It is expected 

5 that in embodiments, due to the extent of augmentation of coaptation 42, continued 

remodeling of heart 50 will not result in clinically significant loss or reduction of 

coaptation, as depicted in Figure l 2F. 

In embodiments, a substantially annular cardiac valve augmenting implant is 

devoid of a ring as described above and instead is simply an annular membrane. Use 

IO and implantation of such an implant is substantially similar to the described above. In 

such embodiments, the valve augmenting implant is substantially a sheet of 

implantable material (e.g., a membrane) with a hole therethrough, where the first edge 

of the implant is the outer edge of the sheet and the second edge of the implant is the 

edge of the hole. In such embodiments, the first region, that which is secured to the 

15 valve seat edge of the incision which is a portion of the sheet closer to the first edge 

( edge of the sheet) than the second region which is closer to the second edge (the edge 

of the hole) and to which the valve periphery edge of the incision is secured. In 

embodiments, the flat sheet is in the shape of an annulus or ring. In embodiments the 

two edges are of the same shape. In embodiments, the two edges describe shapes that 

20 are substantially concentric. 

Substantially tubular cardiac valve augmenting implant 

In embodiments, augmentation of tissue surrounding the cardiac valve is 

performed with the use of a substantially tubular cardiac valve augmenting implant 

25 that is substantially a tube of material having a proximal end and a distal end with a 

lumen passing therebetween, where the first edge is the rim of the proximal end of the 

tube and the second edge is the rim of the distal end of the tube. In such embodiments, 

the first region, that which is secured to the valve seat edge of the incision is a portion 

of the tube closer to the first edge (proximal rim) than the second region which is 

30 closer to the second edge ( distal rim) and to which the valve periphery edge of the 

incision is secured. 

Embodiments of augmentation of tissue surrounding a cardiac valve in 

accordance with a method of the present invention with a substantially tubular implant 
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is discussed with reference to Figures 13, 14A, 14B, 15, 16, l 7A-l 7E, 18A-18D, 

19A-19D, 20A-20C, 21, 22A-22C and 23A-23C. 

Figure 13 shows a tubular cardiac valve augmenting implant 72 of the present 

invention having a substantially tubular wall 74 (of impermeable pleated woven 

5 Polyester (Dacron®)) defining a lumen 75. Tubular implant 72 additionally comprises 

a proximal portion having a proximal end 76, and a ring-shaped component 78, a ring 

of titanium mesh associated with the distal end 80 of tubular wall 74 by sutures. As 

used herein, the terms "proximal" and "proximally" indicate an object or action 

located closer to mitral valve annulus 34, while "distal" and "distally" indicate an 

10 object or action located farther from annulus 34. 

15 

Tubular implant 72 of proper shape and size has been chosen, ring-shaped 

component 78 is sutured to a region near valve periphery edge 70 of mitral valve 26 

as seen in Figure 14A, using, for example, non-interrupted sutures 64 so that valve 26 

abuts ring shaped component 78 at distal end 80 of tubular implant 72 . . 

Sutures 64 are tightened so that ring-shaped component 78 and valve 

periphery edge 70 are in sealing contact. Figure 14B shows valve periphery edge 70 

abutting and secured to distal end 80 with sutures 64. 

Referring to Figure 15, prior to attaching proximal end 76 of tubular implant 

72 to valve seat edge 68 in proximity of mitral valve annulus 34, the surgeon 

20 optionally measures and trims proximal end 76 of tubular wall 74 so that valve 

augmenting implant 72 fits properly in and does not extend above mitral valve 

annulus 34. The surgeon also optionally aligns valve augmenting implant 72 in mitral 

valve annulus 34 and observes the proper positioning of chordae tendineae 46 and 48 

so that there is no impingement on leaflets 38 and 40 and verifies that coaptation 

25 surface 42 is sufficiently large. 

The surgeon then secures proximal end 76 of tubular implant 72 near to valve 

seat edge 68 near mitral valve annulus 34 with the help of sutures. Tubular implant 72 

relocates the position of leaflets 38 and 40 distally into left ventricle 28. As a result 

chordae 46 and 48 do not pull leaflets 38 and 40 too far downwards. In such a way, 

30 sufficient leaflet coaptation 42 is restored. 

Relocation of mitral valve 26 and leaflets 38 and 40 allows the surgeon to 

forgo radical undermining and/or relocation of papillary muscles 44, a complex 
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procedure that has not been effective in reducing progressive remodeling and 

malfunction of papillary muscles 44. 

Figure 15 shows a portion of heart 50 in a cross sectional long axis view, with 

leaflets 38 and 40 fully attached to tubular implant 72. Leaflets 38 and 40 are shown 

5 in the closed position during ventricular systole. 

As noted above, tubular wall 74 is substantially a tube of pleated woven 

polyester as is known in the surgical arts for use as an arterial graft. The pleating of 

such a woven polyester tube provides tubular wall 74 with radial rigidity preventing 

collapse, deformation and obstruction of the lumen of tubular wall 74 yet provides 

10 tubular wall with axial bendability and elastic extensibility (up to about 50% of the 

length of tubular wall 74). This bendability and elastic extensibility of tubular wall 74 

allows tubular wall 74 to adapt by bending and stretch in response to the pulling of 

chordae 46 and 48. 

Although in embodiments, a tubular wall of a tubular valve augmenting 

15 implant of the present invention is parallel-walled so that the area of the lumen at the 

distal end and at the proximal end are substantially the same, in embodiments, such as 

tubular wall 74 of tubular implant 72, the lumen at the distal end has a smaller area 

than the lumen at the proximal end. Such an arrangement helps prevent entry of the 

tubular wall into the aorta during ventricular contraction. 

20 Figure 16 shows mitral valve 26 attached to ring-shaped component 78 

following relocation of mitral valve 26 using tubular implant 72 as described above 

after a period of time where remodeling of papillary muscle ventricular wall 82 has 

occurred. Remodeling of wall 82 has caused papillary muscles 44 to move outwards, 

for example, in directions 84 and 86. Wall 74 of implant 72 stretches so that rriitral 

25 valve 26 moves more distally into left ventricle 28, conforming to this motion and 

compensating for valvular distortion caused by remodeling thereby maintaining 

coaptation of leaflets 38 and 40. 

As shown, cardiac wall 82 remodeling is uneven. The resultant inequality in 

force, however, does not cause leaflet 38 to exhibit signs of tenting, tethering, 

30 reduction of coaptation 42 and/or regurgitation. Instead, longitudinally flexible 

tubular wall 74 has stretched downwards and towards the left side of the heart. In 

embodiments, tubular wall 74 is elastically axially extensible and compressible. In 

embodiments, the axial extensibility is from about 2 mm to about 12 mm. 
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