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INFORMATION MARKERS FOR HEART PROSTHESES AND
METHODS OF USING SAME

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 61/904,565 filed
on November 15, 2013 and entitled “INFORMATION MARKERS FOR HEART
PROSTHESES AND METHODS OF USING SAME,” which 1s incorporated by reference

herein in its entirety.

BACKGROUND

Dhscased or otherwise deficient heart valves can be repaired or replaced using a variety of
different types of heart valve surgeries. Typical heart valve surgeries involve an open-heart
surgical procedure that 1s conducted under general anesthesia, during which the heart is stopped
while blood flow is coutrolled by a heart-tang bypass machine. This type of valve surgery is
highly invasive and cxposes the patient to a number of potentially serious risks, such as
infection, stroke, renal failure, and adverse effects associated with use of the heart-lung machine,
for example.

Recently, there has been increasing interest in mintmally invasive and percutancous
replacement of original heart prostheses, e.g., prosthetic heart valves, annuloplasty prostheses,
ete. Such surgical techniques involve making a very small opening in the skin of the patient into
which a valve assembly is inserted in the body and delivered to the heart via a delivery device
similar to a catheter. This technique is often preferable to more invasive forms of surgery, such
as the open-heart surgical procedure described above. In the context of pulroonary valve
replacement, U.8. Patent Application Publication Nos. 2003/0199971 A1 and 2003/0199963 Al,
both filed by Tower, ¢t al,, describe a valved segment of bovine jugular vein, mounted within an
expandable stent, for use as a replacement pulmonary valve. The replacement valve is mounted
on a balloon catheter and delivered percutancously via the vascular systern to the location of the
fatled pulmonary valve and expanded by the balloon to compress the valve leaflets agaiust the
right ventricular outflow tract, anchoring and sealing the replacement valve. As described in the
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articles “Percutancous Insertion of the Pulmonary Valve,” Bonhoetter, et al., Journal of the
American College of Cardiology 2002; 39: 1664-1669 and “Transcatheter Replacement of a
Bovine Valve in Pulmonary Position,” Bonhoeffer, et al., Circulation 2000; 102: B13-816, the
replacement pulmonary valve may be implanted to replace native pulmonary valves or prosthetic
pulmonary valves located in valved conduits.

Various types and configurations of prosthetic heart valves are used in valve procedures
to replace discased natural huran heart valves. The actual shape and configuration of any
particular prosthetic heart valve is dependent to some extent upon the valve being replaced {i.e.,
mitral valve, tricuspid valve, aortic valve, or pulmonary valve). In general, the prosthetic heart
valve desigus attempt to replicate the function of the valve being replaced and thus will include
valve leaflet-like structures used with either bioprostheses or mechanical heart valve prostheses.

Percutancousty-delivered replacement valves may include a valved vein segroent that is
mounted in some manner within an expandable stent to make a stented valve. To prepare such a
valve for percutancous implantation, the stented valve can be inttially provided in an expanded
or uncrimped condition, then crimped or compressed around the balloon portion of a catheter
until it is as close to the diameter of the catheter as possible.

Other percatancously-delivered prosthetic heart valves have been suggested having a
generally similar configuration, such as by Bonhoeffer, P. ot al., ““Transcatheter Implantation of a
Bovine Valve in Pulmonary Position,” Circulation, 2002; 102:813-816, and by Cribier, A et al.
“Percutancons Transcatheter Implantation of an Aortic Valve Prosthesis for Caleific Aortic
Stenosis,” Circulation, 2002; 106:3006-3008, the disclosures of which are incorporated herein by
reference. These techniques rely at least partially upon a frictional type of engagement between
the expanded support structure and the native tissuc to maintain a position of the delivered
prosthesis, although the stents can also become at least partially embedded in the surrounding
tissue in response to the radial force provided by the stent and balloons that are sometimes used
to expand the stent. Thus, with these transcatheter techniques, conveuntional sewing of the
prosthetic heart valve to the patient’s native tissuc is not necessary.

Sumifarly, in av article by Bonhoetffer, P. et al. titled “Percutancous Insertion of the
Pulmonary Valve,” J Am Coll Cardiol, 2002; 39:1664-1669, the disclosure of which is
incorporated herein by reference, percutancous delivery of a biological valve 18 described. The

valve is sutured to an expandable stent within a previously implanted valved or non-valved
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conduit, or a previously implanted valve. Again, radial expansion of the secondary valve stent is
used for placing and maintaining the replacement valve.

When replacing an implanted heart prosthesis using these percutancous techniques, the
physician or clinician needs to know certain characteristics of the original implanted prosthesis
so that a replacerment valve can be selected that 15 qualified for use with the particular original
prosthesis. For example, information such as the manufacturer, type, model, feature, size, date,
or other characteristic of the original implanted prosthesis can goide the physician or chnician

selecting the appropriate replacement valve.

SUMMARY

In one aspect, the present disclosure provides a method of implanting a replacement
prosthetic heart valve within an original heart prosthesis. The method mchades detecting at least
one information marker of the original heart prosthests, selecting the replacement prosthetic
heart valve based on information provided by the at least one information marker of the original
heart prosthesis, and positioning the replacement prosthetic heart valve in an opening defined by
the original heart prosthesis.

o another aspect, the present disclosure provides a heart prosthesis including at least oue
information marker that indicates one or more of a manufacturer, type, model, feature, size, and
date associated with the heart prosthesis, where the heart prosthesis includes a prosthetic heart
valve or an anmuiloplasty prosthesis.

In another aspect, the present disclosure provides 4 replacement prosthetic heart valve in
combination with an original heart prosthesis, where the original heart prosthesis includes at least
one information marker that indicates one or more of a manufacturer, type, model, feature, size,

and date associated with the original heart prosthesis.

These and other aspects of the present disclosure will be apparent from the detailed
description below. In no event, however, should the above summaries be construed as limitations
on the claimed subject matter, which subject matter 1s defined solely by the attached claims, as

may be amended during prosecution.
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BRIEF DESCRIPTION OF THE DRAWINGS

Throughout the specification, reference is made to the appended drawings, where like reference
numerals designate like clewents, and wherein:

FIG. 1 is a schematic side view of one embodiment of an original prosthetic heart valve.

FIG. 2 1s a schematic side view of onc embodiment of a replacement prosthetic heart
valve.

FIG. 3 15 a schematic plan view of the replacement prosthetic heart valve of FIG. 2.

FIG. 4 1s a schematic side view of the replacement prosthetic beart valve of FIG. 2
positioned relative to the original prosthetic heart valve of FIG. 1.

FIG. 518 a schematic plan view of the valve and valve frame of FIG. 4.

FIG. 6 1s a schematic perspective view of one embodiment of an annuloplasty prosthesis.

FIG. 7 is a schematic side view of the replacement prosthetic heart valve of FIG. 2

positioned relative to the annuloplasty prosthesis of FIG. 6.

DETAILED DESCRIPTION

In general, the present disclosure provides various embodiments of heart prosthescs that
include at least one information marker. This information marker can, in some embodiments, be
detected using any suitable clinical imaging techniques such as fluoroscopy, magnetic resonance
imagiog {(MRI), echocardiograr, cte. The mformation marker can provide a physician or
clinician information regarding an implanted original heart prosthesis, ¢.g., one or more of a
manufacturer, type, model, feature, size, and date associated with the heart prosthesis. This
information can aid the clinician in determining which replacement prosthetic heart valve can be
implanted in a patient such that it is compatible with the original heart prosthesis or has been
qualified for re-intervention with the particular original heart prosthesis,

These information markers can also be valuable 1n emergency situations to aid a
physician or other health care provider determine whether a patient has an implanted heart
prosthesis, and if so, the manufacturer, model, etc. of the prosthesis, and whether any special
precautions may be nceded n treating the patient 1 the emergency situation in light of the
implanted prosthesis.

Markers may convey information in several ways. For instance, a shape included as part
of the marker may be defined, in part, by “cutaway” portions of radiopaque material. Asa
specific example, a manufacturer’s logo may be cut out of an otherwise continuous surface of
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radiopaque waterial so that an image of this cutaway portion can be used to determine the
manufacturer of the product. Other cutaway shapes may indicate the model of the heart valve,
and so on.

In some embodiments, when imaging technology is used to view such a marker, the
cutaway portions appear as a “negative” image of the information to be conveyed. That is, 1t 18
the absence of portions of the radiopague material (i.e., the “cutaway” portions), rather than the
presence of such material, that serves to convey information.

in general, the various disclosed embodiments of information markers can be included
with any suitable heart prosthesis. For example, in some embodiments, the original heart
prosthesis can include an original prosthetic heart valve, e.g., prosthetic heart vaive 10 of FIG. 1.
in other embodiments, the original heart prosthesis can include an anmuloplasty prosthesis, ¢.g.,
avnuloplasty prosthesis 80 of FIG. 6.

The features of the disclosure can be used for aortic valve, mitral valve, pulmonic valve,
venous, gastric, and/or tricuspid valve replacerment. In some embodiments, the prosthetic heart
valves of the disclosure are highly amenable to transvascular delivery (either with or without
cardiopulmonary bypass and either with or without rapid pacing). The methodology associated
with the present disclosure can be repeated wultiple fimes, such that several heart prostheses of
the present disclosure can be mounted on top of or within one another, if necessary or desired.

FIG. 118 a schematic side view of one embodiment of a prosthetic heart valve 10. The
valve 10 can be an original prosthetic heart valve if it has been implanted in a patient prior to
replaceracnt with a replacement prosthetic heart valve as described herein. The valve 1015 2
typical configuration of a valve that can be implanted within the heart of a patient, such as by
suturing or otherwise securing the valve 10 into the arca of a native heart valve of g patient. The
native heart valves referred to herein can be any of the human heart valves (i.e., mitral valve,
tricuspid valve, aortic valve, or pulmonary valve), where the type and orientation of an implanted
{e.g., surgically imuplanted) prosthetic heart valve 10 will correspond with the particular form,
shape, and function of the native heart valve in which it is implanted. Although vaive 10 would
typically include multiple leaflets attached within its mterior area, such leaflets are not shown 1u
this figure for illustration clarity purposes. Prosthetic heart valve 10 can be any suitable heart
valve, e.g., a surgically fraplanted prosthetic heart valve, a transcatheter prosthetic heart valve,

eic.
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Valve 10 generally includes a valve structure 12 including a stent structure 14 from
which multiple stent posts or commissure posts 16 extend. All or a portion of the valve structure
12, including the stent structure 14 and stent posts 16, can be covered by a flexible covenng,
which may be a tissue, polymer, fabric, cloth material, or the like to which leaflets (not shown)
of the heart valve 10 are attached, such as by sewing. The stent structure 14 may alternatively be
a wire form. Further, as is known in the art, the internal structure of each of the stent posts 16
can be formed of a stiff but sormewhat resilicntly bendable muaterial. This construction allows the
stent posts 16 to be moved from the orientation shown in FIG. 1 to a deflected orientation by the
application of an external force. Once this external force is removed or reduced, the stent posts
16 can then move back toward the orientation shown in FIG. 1. Alternatively, the sient posts can
be angled at least slightly toward or away from a central axis of the valve 10.

The valve structure 12 1s generally tubular in shape, defining an opeving or interoal arca
28 {referenced generally} that extends from an inflow end 22 to an outflow end 24. The opening
20 1s essentially surrounded by the valve structure 12, and the leatlets attached within the valve
structure 12 selectively allow for fluid flow into and out of the lumen of the natural heart valve in
which it 1s implanted. That is, the opening 20 is alternatively open and closed to the lumen of
the natural heart valve 1o which it is inserted via movement of leaflets,

In some patients, the prosthetic heart valve 10 will be implanted using typical surgical
techuiques, whereby the stent ring 14 is sewn ot attached to the annulus or valvular rivo of the
native heart valve. Alternatively, the prosthetic valve can be placed in the patient using
ronimally tnvasive techniques for holding the valve in place, such as U-clips, for example, or a
wide variety of other techniques and features used for minimally invasive and/or percutanecous
implantation of the initial prosthetic heart valve,

The prosthetic heart valves {¢.g., heart valve 10 and replacement prosthetic heart valve 50
that will be discussed herein) used in accordance with the devices and techniques of the
disclosure can include a wide variety of different configurations, such as a prosthetic heart valve
that has tissue leaflets, or a synthetic heart valve that has polymeric leaflets. In this way, the
heart valves can be specifically configured for replacing any heart vaive,

In the illustrated embodiment, the valve 10 includes at least one information marker 70.
The at Icast one information raarker 70 can be positioned in any suttable location on or in the
valve 10, e.g., on the stent structure 14 or a sealing skirt of the valve. Further, the at least one
information marker 70 can include any suitable information. For example, in some
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embodiments, the at least one information marker 70 can indicate one or more of a manufacturer,
type, model, feature, size, and date associated with the prosthetic heart valve 10 using one or
roore articles or indicia of any suitable size such that the indicia can be detected by a physician
using suitable visualization technigues. The at least one information marker 70 can be formed
using any suitable technique and include any suitable materials as 1s further deseribed herein. In
some embodiments, the at least one information marker 70 can be radiopaque.

Although the valve 10 of FIG. 1 includes one information marker 70, any suitable
number of information markers can be included. In some embodiments, ftwo or more
information markers 70 arc inchuded, where cach of the two or more information markers are the
same, e.g., convey the same inforroation. In other exobodiments, cach of the two or more
information markers 70 can include different information. For example, one information marker
can include information regarding the manufacturer of the valve 10, and another mformation
marker can include information regarding the date the valve was manufactured or surgically
implanted.

As shown in FIG. 1, the at least one information marker 70 includes multiple individual

k14 )
L

articles or indicia shown as “X,7 “2,” and “A.” More or fewer such articles may be included in
roarker 70, In the itlustrated embodiment, these articles are shown arvanged in a character strivg.
in other embodiments, marker 70 can have the individual articles arranged in another manner,
such as in a two-dimeunsional array of characters or in some other two-dimensional pattern. To
some embodiments, the marker 70 can include a three-dimensional arrangement of articles such
that not all of the articles are aligned on a same plane as all other markers.  This may be uscful
in allowing the marker to be viewed from multiple angles, as when the valve 10 18 tn various
positions or orientations relative to an imaging device.  In some embodiments, the at least one
information marker 70 can include multiple instances of a set of articles, with cach set of articles
being arranged in a different plane to make information viewable from multiple directions.

As discussed herein, the position occupied by a particular article may assign significance
to that article. For instance, a first one or more articles in a sequential string of articles {e.g.,
article “X”) may be designated to denote a model of the prosthetic beart valve 18, A second one
or more articles in a sequential string of articles may denote a feature set of the valve 10, and so
on. When a two- or three-diroensional array or other pattern s used to form the at least one

information marker 70, the position of an article within the array or other pattern can likewise
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assign a particular sigoificance to the article. In this manner, not only the article itself, but also
the position of the article, may be used to convey information associated with the valve 10

In the embodiment iHustrated 1o FIG. 1, each of the articles included in the at least one
information marker 70 is an alphanumeric character. In some embodiments, the marker 70 can
alternatively or additionally include any other types of symbols or geornetric shapes.  Such
symbols may be predefined (e.g., #, %, @, etc.) or may be entirely arbitrary {e.g., symbols
defined by a manufacturer such as a logo of a manufacturer.) In other embodiments, the at least
one marker 78 can include a barcode, QR code, binary code, or other suitable code.

In some embodiments, cach of the articles in the set of articles used to form the marker
70 can have similar characteristics, such as being made via a common roanufacturing process,
being formed of a same material, having roughly a same size {¢.g., length, width, shape, and/or
roaterial thickness), having sirailar feature(s) used to affix or retain a position and/or orientation
of the article, and so on.  Having common characteristics {¢.g., size) may allow a selected
combination of the articles to be more readily incorporated within a same marker.

The symbols in the marker 70 of FIG. 1 may be said to provide a “positive” outhine of the
iformation to be conveyed.  As described herein, this means that the material used for the
marker 70 forms the actual cutout characters.  As a specific tHustration, the characters “X,)7 2,7
and “A,” of this example are cut out of, or otherwise formed from, a radiopaque material. The
remainder of marker 70 (that is, the object that carries the radiopaque articles) may be formed of
a non-radiopaque material such as a polymer.  This positive image of the information 18 in
contrast to a negative image, where portions of a radiopaque material are cutaway to provide
information. As a specific example, the letters “A,” “B,” and “C” may be cut out of a sheet of
radiopagque material so that when imaging technology 1s used to view marker 70 this cutaway
image is visible. This is akin to shining a light through a window into a dark room such that the
outline of the window may be visible on an adjacent wall. While either type of image is
contemplated herein in various embodiments, the use of a posifive iroage of the type shown in
FiG. 1 may provide a marker 70 that is more readily discernible, particularly when the marker is
relatively small.

As previously discussed herein, a marker that includes one or more articles selected from
a sct of such articles can convey information in a number of ways.  First, cach article selected
for inclusion in the marker may convey information by virtue of that article’s unique shape, size,
and/or other physical characteristics.  For example, an article formed like the letter “M” has a
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unique shape that may be assigned a particular meaning {e.g., “this device is MRI conditionally
safe”). Similarly, an article formed in the shape of a manufacturing logo may be used to convey
the manufactarer of the device. A different article assigned sovue arbitrary shape may be
associated with a model of a heart valve. In this embodiment, the ordering or other arrangement
of the articles within the marker roay not be very iraportant, since cach unique article inchuded in
the marker is used to convey the necessary information.

In somce embodirents, the spatial relationship of articles included in the at least one
information marker can be important. For instance, an information marker can include a string
of three articles “MM1” arranged in a string from back-to-front on a heart valve. The first article
“M” 1u this string may indicate the make of the valve. The next article “M” in the string can
indicate a model of the valve, and the third article “1”" in the string may identify a feature set of
the valve. Thas, even though two articles i the marker are the same (1.e., “M”), the articles take
on a different significance based on the spatial arrangement in the marker. In yet another
example, the first two characters “MM” may be assigned a certain meaning indicative of the
feature set of the valve. Thus, in this example, both the spatial arrangement and the articles
selected for inclusion within the marker provide information associated with the heart valve.

o other embodiments, the spatial arrangement may have a two-dimnensional or even a
three-dimensional aspect that may also convey information in some instances. For example, a
muiti-shot molding process may be used to add a three-divacnsional quality to an jnformation
marker. A shape of the three-dimensional marker and/or locations of the articles within the three
diraensions may be used to convey mformation.

A three~-dimensional marker may be useful, for example, when the orientation of a heart
valve is unknown such that the marker is readable from various directions.  In one mstance, a
three-dimensional marker may utilize multiple radiopaque articles to convey the same
information in multiple planes. For instance, two articles “M,” both of which convey the
roanufacturer of the device, may be arranged to lie n two substastially-perpendicular planes
within the same three-dimensional marker. This may make it casier for an imaging device to
read at least one of the articles when the orientation of the heart valve within the patient is
unknown.

In some embodiments, the at least one information marker 70 can be made of a material
that allows it to be viewed from the opposite surface of the stent post from the surface on which
the marker 18 placed (1.c., “through” the stent post) when using certain frnaging techniques. Due
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to the divectional nature of the markers, these ndicia would therefore be displayed backwards or
as a mirror image of the original marker when viewed from the opposite side of the commissure
post. However, in soroe erobodiraents, the marker 70 may not be visible to the unassisted eye 1o
this “backward” orientation, but that it will only be visible in this orientation when using specific
visualization cquipment. In other crabodiments, the marker(s) can extend through the entire
thickness of the stent or are provided in some other way so that they are visible from both sides,
even without visualization equipment. In other words, any suitable orientation can be utilized
with marker 70 such that it can etther be visible or not visible when in a backward ortentation.

In some embodiments, the at least one information marker 70 provided on or in the heart
valve can be made of a radiopaque material and/or have echogenic or other properties so that it is
visible from outside the patient’s body when using an appropriate imaging technique. The
roarker 70 can be made of plativur iridiur, tungsten, bartum sulfate, other radiopaque materials,
and the like. In some embodiments, marker 70 can also be constructed from materials
impregnated with radiopaque or cchogenic materials, including fabric sutures or clastorners such
as sificone. In this way, the marker 70 can be used to provide selected information associated
with the heart valve.

The at least one information marker 70 can be provided on or in any surface of a heart
valve using any suitable technique. In some cmbodiments, the marker 70 can be directly
deposited onto a surface of the valve. In other embodiments, the marker 70 can first be formed
as described herein and then attached to a surface of the valve using any suitable technique.
Also, in some embodiments, these preformed markers can be inserted into openings 1o the stont
frame.

After some period of time, it may become desirable to place or implant a replacement
prosthetic heart valve relative to a previously implanted prosthetic heart valve to functionally
replace the older heart valve. This may occur in cases where it is determined that a previsusly
implanied ot repaired prosthetic heart valve is functionally deficient due to ove or more of a
variety of factors, such as stenosis, valve failure, structural thrombosts, inflammation, valve
insufficiency, and/or other medical conditions. Regardless of the cause of the deficiency, rather
than removing the previously implanted prosthetic heart valve and implanting a second, similarly
configured prosthetic heart valve via relatively complicated and mvasive open heart surgical
techniques, some embodiments of the present disclosure leave the deficient previously implanted
or repaired prosthetic heart valve in place {(c.g., original prosthetic heart valve 10}, and deploy a
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replacement heart valve so that it functionally replaces the previously implanted prosthetic heart
valve. Prior to tmplanting the replacement valve, the leaflets of the previously implanted and
deficient prosthetic heart valve can etther be removed using a variety of techniques such as
cutters, lasers, and the hike, or the leaflets may instead be left in place within the deficient valve,
where they will likely be pushed toward the walls of the vessel upon iraplantation of the
replacement valve or pushed out prior to replacement, e.g., with a balloon to increase the size of
the orifice.

A sumber of factors can be considered, alone or in combination, to verify that the valve is
properly placed in an implantation site, where some exemplary factors are as follows: (1) lack of
paravalvular leakage around the replacement valve, which can be advantageously examined
while blood is flowing through the valve since these delivery systems allow for flow through and
around the valve; (2 optimal rotational orientation of the replacement valve relative to the
coronary arteries; (3) the presence of coronary flow with the replacement valve in place; (4)
correct longitudinal alignment of the replacement valve annulus with respect to the native patient
anatomy; (5) verification that the position of the sinus region of the replacement valve does not
mterfere with native coronary flow; (6) verification that the sealing skart is aligned with
anatomical featores to minimize paravalvular leakage; (7} vertfication that the replacement valve
docs not induce arrhythmias prior to final release; (8} verification that the replacement valve
does not interfere with function of an adjacent valve, such as the mitral valve; and (9)
verification of normal cardiac rhythm.

FIGS. 2-3 illustrate onc exemplary ermnbodirnent of a replacement prosthetic heart valve
58. The valve 50 includes a stent structure 32 and a valve structure 54 positioned within and
attached to the stent 52, The valve 50 further includes a scaling skirt 62 adjacent to one end that
extends generally around the outer periphery of the stent 52, In general, the stents described
herein include a support structure inchading a number of strut or wire portions arranged relative
to cach other to provide a desired compressibility and strength to the beart valve. Other details
of various configurations of the stents of the disclosure are also described herein; however, in
general terros, stents of the disclosure are generally tubular support structares, and a valve
structure will be secured with this support structure to make a stented valve.

Some embodiments of the support structures of the stents described herein can be a series
of wires or wire segments arranged so that they are capable of transitioning from a collapsed
state to an expanded state. The stents muay further include a number of individual wires forraed
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ot a metal or other material that mclude the support structure. These wires are arranged in such a
way that allows for folding or compressing to a contracted state in which the mternal stent
diameter is greatly reduced from when it 18 10 an expanded state. In its collapsed state, such a
support structure with attached valves can be mounted over a delivery device, such as a balloon
catheter, for exaraple. The support structure 18 configured so that it can cxpand when desired,
such as by the expansion of the balloon catheter. The deltvery systems used for such a stent
should be provided with degrees of rotational and axial orientation capabilities to properly
position the new stent at its desired location.

The wires of the support structure of the stents in other embodiments can alternatively be
formed from a shape roemory material such as a nickel titanium alloy (¢.g., Nitinol). With this
material, the support structure is scif-expandable from a contracted state to an cxpanded state,
such as by the application of heat, energy, or the like, or by the removal of external forces (e.g.,
compressive forces provided by a sheath). This support structure can typically be repeatediy
compressed and re-expanded without damaging the structure of the stent. In some embodiments
of the present disclosure, the stent 52 is made of a series of wires that are compressible and
expandable through the application and removal of external forces, and may inchade a series of
Nitinol wires that are approximately 8.011-0.015 inches in diameter, for example. The support
structure of the stents may be laser cut from a single piece of material or may be assembled from
a number of different components. For these types of stent structures, one example of a system
that can be used for delivery thereof includes a catheter with a retractable sheath that covers the
stent until it is to be deployed, at which point the sheath can be retracted to allow the stent to
expand.

Valve structure 54 includes multiple leaflets 56 that arc attached to stent features 58. The
stent features S8 may be a separate component that is secured within the stent, or the stent
features may actually be the general area where two leaflet pieces that are sewn to the stent form
a “peak’ or commissure arca. The valve structures shown and described relative to the Figures
are generally configured to accommodate multiple leafiets and replace a heart valve (e.g., heart
valve 10) that has a corresponding nuraber of commuissure posts for a multiple-leafict structure.
The replacement prosthetic heart valves of the disclosure will generally include three leaflets, but
can incorporate more ot less than three leaflets.

As referred to herein, the replacement heart valves may include a wide vartety of
different configurations, such as a replacernent heart valve having tissue leaficts or a synthetic
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heart valve having polymeric, metallic, or tissue-cugiveered leaflets, and can be specifically
configured for replacing any heart valve.

The leaflets of the valves can be formed from a variety of materials, such as autologous
tissue, xenograph material, or synthetics as are known in the art. The leaflets may be provided as
a homogenous, biological valve structure, such as a porcine, boving, or equine valve,
Alternatively, the leaflets can be provided independent of one another (e.g., bovine or equine
pericardial leatlets) and subscquently assembled to the support structure of the stent. In another
alternative, the stent and leaficts can be fabricated at the same time, such as may be
accornplished using high strength nano-manufactured NiTi films produced at Advanced Bio
Prosthetic Surfaces (ABPS) of San Autouio, Texas, for example.

In more general terms, the combination of a support structure with one or more leaflets
for a replacement heart valve can assume a variety of other configurations that differ from those
shown and described, including any known prosthetic heart valve design. In some embodiments,
the support structure with leaflets can be any known cxpandable prosthetic heart valve
configuration, whether balloon expandable, self-expanding, or unfurling (as described, for
example, in U.5. Patent Nos. 3,671,979; 4,056,854; 4,994,077; 5,332,402; 5,370,685, 5,397,351,
5,554,185; 5,855,601, and 6,168,614, U.S. Patent Application Publication No. 2004/0034411;
Bonheoeffer P, et al,, “Percutancous Insertion of the Pulmonary Valve,” Pediatric Cardiology,
2002; 39:1664-1669; Anderson H R, et al,, “Transhiminal Ioplantation of Artificial Heart
Valves,” EUR Heart ., 1992; 13:704-708; Anderson, J. R, ¢t al,, “Transluminal Catheter
Iraplantation of Now Expandable Artificial Cardiac Valve,” EUR Heart J., 1990, 11: (Suppl)
224a; Hilbert 8. L., “Evaluation of Explanted Polyurethane Trileaflet Cardiac Valve Prosthests,”
J Thorac Cardiovascular Surgery, 1989; 94:419-29; Block P C, “Clinical and Hemodyamic
Follow-Up After Percutaneous Aortic Valvuloplasty in the Elderly,” The American Journal of
Cardiology, Vol. 62, Oct. 1, 1998; Boudjemline, Y., “Steps Toward Percutaneous Aortic Valve
Replacement,” Circulation, 2002; 105:775-55%; Bonhoeffer, P., “Transcatheter Iraplantation of a
Bovine Valve in Pulmonary Position, a Lamb Study,” Circulation, 2000:102:813-81¢;
Boudjembine, Y., “Percutancous Iroplantation of a Valve in the Descending Aorta In Lambs,”
FUR Heart J, 2002; 23:1045-1049; Kulkinski, D, “Future Horizons in Surgical Aortic Valve
Replacement: Lessons Learned During the Barly Stages of Developing a Transluroial
fapiantation Technigque,” ASAIG J, 2004; 50:364-6¥; the teachings of which are all incorporated
herein by reference).
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FIGS. 4-5 dlustrate one embodiment of the replacement prosthetic heart valve 50
combination with the original prosthetic heart valve 10, where the replacement prosthetic heart
valve is positioned within the opening 20 of the original prosthetic heart valve. For iltustration
purposes, a portion of the stent structure 14 is removed so that that the opening of the heart valve
10 can be viewed more clearly; however, the stent structure 14 will typically be a continuous
ring structure that has previously been implanted in a patient.

In some embodirnents, the replacement valve 50 18 delivered percutancously to the area
of the original beart valve 10, Hf the valve 50 includes a balloon-cxpandable stent, this can
include providing a transcatheter assembly, including a delivery catheter, a balioon catheter, and
a guide wire. Some delivery catheters of this type are known iu the art, and define a lumen
within which the balloon catheter is received. The balloon catheter, in turn, defines a lumen
within which the guide wire 1s slideably disposed.

Further, the ballpon catheter includes a balloon that is connecied to an inflation source. It
is noted that if the stent being implanted is @ sclf-cxpanding type of stent, the balloon would not
be needed and a sheath or other restraining means would be used for maintaining the stent in its
compressed state until deployroent of the stent, as described herein. In any case, for a balloon-
expandable stent, the trauscatheter asserobly is appropriately sized for a desired percutancous
approach to the implantation location. For example, the transcatheter assembly can be sized for
delivery to the heart valve via an openiog at a carotid artery, a jugular vein, a sub-clavian vewn,
fermoral artery or vein, or the like. Essentially, any percutanecus intercostals penetration can be
rmade to facilitate use of the transcatheter assembly.

As meuntioned herein, the various embodiments of information markers can be included
with any suitable original heart prosthesis. For example, FIG. 6 18 a schernatic perspective view
of one embodiment of an original heart prosthesis that includes an annuloplasty prosthesis 8. In
the embodiment illustrated in FIG. 6, the annuloplasty prosthesis 80 is a ring that defines an
opening 84, Although prosthesis 80 takes the form of 4 ring, the prosthesis could take any
suitable shape, ¢.g., a band. The annuloplasty prosthesis 8 alse includes at least one
information marker 82 positioned in any suitable location on ov in the prosthesis. All of the
design constderations and possibilities regarding the at least one information marker 70 of FIG. 1
applied cqually to the at least one information marker §2 of FIG. 6.

The annuloplasty prosthesis 80 can include any suitable annuloplasty prosthesis. Further,
the prosthesis 80 can be used to repair any suitable valve, e.g., aortic, mattral, pulmonic, venous,
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gastric, tricuspid, etc. Aud any suitable technique or combination of techniques can be used to
implant the prosthesis 80 in a suitable location within a patient.

Io some circumstances, a patient’s valve that has been previously repaired using an
annuloplasty prosthesis may require complete replacement with a replacement prosthetic heart
valve, ¢.g. replacement prosthetic heart valve 50 of FIG. 2. In such circurnstances, a less
invasive approach can inchide leaving the annuloplasty prosthesis in place and positioning a
replaceracnt prosthetic heart valve in an opening defined by the annuloplasty prosthesis.

For example, FIG. 7 is a schematic side view of the replacement prosthetic heart valve 50
of FIG. 2 positioned relative to the annuloplasty prosthesis 80 of FIG. 6. As shown in FIG. 7, the
replacement prosthetic heart valve 58 1s positioned 1u the opeving 84 defined by the annuloplasty
prosthesis 80, Any suitable technique or combinations of techniques can be used to position the
replaceraent prosthetic heart valve 50 in the opening 84 of the annuloplasty prosthesis 80,

in some embodiments, prior to delivery of the replacement prosthetic heart valve 50, a
physician or clinician can detect the at least one information marker 70 of the original heart
prosthesis {(e.g., original prosthetic heart valve 10 of FIG. 1 or anmuiloplasty prosthesis 88 of FIG.
63. The replacement prosthetic heart valve 50 can be selected based on the information provided
by the at least one information marker of the original heart prosthesis {e.g., at least one
information marker 70 of original prosthetic heart valve 10 of FIG. 1 or at least one information
marker 82 of annuloplasty prosthesis 80 of FIG. 6). For exarple, the at feast one information
rarker 70 can indicate information regarding one or more of the manufacturer, type, model,
feature, size, and date associated with the original heart prosthesis. The physician or chnician
can use this information to determine an appropriate replacement prosthetic heart valve 50 that is
compatible with the original heart prosthesis. Such information can be used to locate an
appropriate replacement valve in a lookup table, software, etc., or other type of literature that
provides guidance on the appropriate size, shape, model, etc. of replacement heart valve that has
been gualified for re-intervention with the original heart valve.

Any suitable technique can be used to detect the at least one mformation marker of the
original heart prosthesis. For example, in some embodiments, the at least one information
marker can include radiopaque material such that the marker is detectable or readable using
fluoroscopic visualization techuiques.

Prior to delivery, the replacement stent is mounted over the balloon in a contracted state
to be as small as possible without causing permancut deformation of the stent structure. As

1
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compared o the expanded state, the support structure is coropressed onto itself and the balloon,
thus defining a decreased inner diameter as compared to its inner diameter in the expanded state.
While this description is related to the delivery of a balloon-expandable stent, the saroe basic
procedures can also be applicable to a self-expanding stent, where the delivery system would not
include a balloon, but would, 1n sorne ermbodiraents, include a sheath or some other type of
configuration for maintaining the stent in a compressed condition until its deployment.

With the stent mounted to the balloon, the transcatheter assembly is delivered through a
percutancous opening (not shown) in the patient via the delivery catheter. The implantation
location is located by inserting the guide wire into the patient, which guide wire extends from a
distal end of the delivery catheter, with the balloon catheter otherwise retracted within the
delivery catheter. The balioon catheter is then advanced distally from the delivery catheter along
the guide wire, with the balloon and stent positioned relative to the implantation location. In an
alternative embodiment, the stent 1s delivered to an implantation location via a minimally
invasive surgical incision (1.¢., non-percutancously). In another alternative embodiment, the
stent is delivered via open heart/chest surgery.

While one exemplary crabodiment of a replacernent valve is deseribed herein, it 18
understood that the stent of the replacement valve can have a structure that is at least somewhat
different than that tllustrated in FIG. 2. That is, the stent can have the same or a different number
of crowus at its opposite ends, and/or the center portion can have a wore or less dense
concentration of wires than cither of the ends. The stent may further include a central bulbous
region between the first and sccond ends that has a larger diameter than the first and sccond ends
of the stent. The bulbous region can be configured to generally match the contours of the
anatorny where the stent will be positioned in the patient {¢.g., at the aortic valve sinus region).
The stent may alternatively or additionally include flared portions that extend from opposite
sides of the central portion. Such a stent may be positioned within the anatomy {e.g., the aorta)
of a patient so that the flares extend into the adjacent veniricle i order to help anchor the stent in
place but so that they do not disrupt the native anatomical function.

It can be advantageous for the stent delivery process that the replacement valve is
retractable or partially retractable back into a sheath at any point in the process until the stent is
disengaged trom the delivery systern. This can be useful for repositioning of the stent if it 13
determined that the stent has been improperly positioned relative to the patient’s anatomy and/or
the original heart prosthesis into which it 1s being delivered.
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As previously described, the at least one information marker can be made of any suiable
material, e.¢., radiopague or radiopaque impregnated material.  The radiopaque material selected
for this purpose may be biocompatible.  Such matenals include tungsten, tantalum, platinum,
gold, barium silicate, as well as alloys such as Hastelloy® metals.

Various processes exist for forming the radiopaque markers from such materials. In
some embodiments, an etching process can be used to create the articles of the markers. This
process may be a photo ctching process whereby a photo-resistive coating 1s applied as a mask to
a light-sensitive polymer plate. Light is projected onto the plate and the plates are then washed
to remove the photo-resistive material that was used as the mask. An additional washing step
may then be used to chemically remove the portion of the metal that was exposed to the ight. In
other embodiments, the photo-resistive coating and the exposed metal can be removed in one
washing step. Other sivatlar eiching processes may be used as are known to those skilled 1o the
art.

Another mechanism for creating the radiopaque articles for use in the described markers
involves punching the articles from a sheet of radiopaque material. For instance, a ribbon of
rnaterial raay be fed into a dic set having male and female portions that starap out the characters.
fn one case, the punched articles may not be entirely separated one from another during the
punching process but may remain connected to a larger sheet of such articles via break-away
tabs. Prior to use, a desired article may be separated from the larger sheet of articles by twisting,
bending, cutting, or otherwise breaking the respective tab. This allows the articles, which may
mdividually be very small, o be readily stored and managed as a group until just prior to use.
Such a punching process, as well as the use of break-away tabs, may produce radiopaque articles
having jagged edges and/or burrs.

Yet another technique for producing the radiopaque articles involves using a iaser cutting
technigue. Laser cutting can produce very tight tolerances and smooth edges, aiding readability
of small radiopaque markers. Some materials, however, may be expensive or difficult fo process
using this technigue. In particular, this technique may be expensive at higher volume production
levels.

Stilf another option for creating the radiopaque articles invelves a sintering process.
According to this technique, powdered radiopague roaterial mixed with gluc 1s pressed mto a
form and baked until all of the glue has been dissipated and the radiopaque particles bind
together. This type of process creates a porous structure which may more readily adhere to the

17



WO 2015/073815 PCT/US2014/065692

molecules of a polymer used during a subsequent molding process, with the degree to which the
polymer is received by the pores being dependent upon molecular size of the polymer.

Metal injection molding can also be used to create the radiopague articles. In this
scenarto, a radiopaque powder or slurry is injected under pressure into a mold. The powder or
shurry 1s then baked until the radiopaque particles bind one to another,  As with sintering, this
may produce a relatively more porous radiopaque article.

Further, in some embodiments, radiopaque impregnated sutures can be used to make
suture lines or patterns on a valve to create a type of marker associated with the valve.

All references and publications cited herein are expressly incorporated herein by
reference in their entivety into this disclosure, except to the extent they may directly contradict
this disclosure. Hlustrative embodiments of this disclosure are discussed and reference has been
roade to possible variations within the scope of this disclosure. These and other variations and
modifications in the disclosure will be apparent to those skilled in the art without departing from
the scope of the disclosure, and it should be understood that this disclosure is not limited to the
ithustrative embodiments set forth herein. Accordingly, the disclosure is to be limited only by the

clairas provided below.
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CLAIMS

What is clatmed is:

I A method of implanting a replacement prosthetic heart valve within an original heart
prosthesis, comprising:

detecting at least one information marker of the original heart prosthesis;

selecting the replacement prosthetic heart valve based on information provided by the at
least one information marker of the original heart prosthesis; and

postiioning the replacement prosthetic heart valve in an opening defined by the original

heart prosthesis.

2. The method of claim 1, wherein the at least one information marker of the original heart
prosthesis indicates one or more of a manufacturer, type, model, foature, size, and date
associated with the original heart prosthesis.

3. The rocthod of claima 1, wherein selecting the replacement prosthetic heart valve
comprises sclecting a particular model of replacement prosthetic heart valve based on

information provided by the at least one information marker of the original heart prosthesis.

4. The racthod of claim 1, wherein the original heart prosthesis comprises an original

prosthetic heart valve.

5. The method of claim 1, wherein the original heart prosthesis comprises an annuloplasty
prosthesis.
6. A heart prosthesis comprising at least one information marker that indicates one or more

of a manufacturer, type, model, feature, size, and date associated with the heart prosthesis,

wherein the heart prosthesis comprises a prosthetic heart valve or an annuloplasty prosthesis.

7. The heart prosthesis of claim 6, wherein the heart prosthests comprises a surgically
implanted prosthetic heart valve.
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&. The heart prosthesis of claim 6, wherein the heart prosthesis comprises an annuloplasty

prosthesis comprising a ring or a band.

9. The heart prosthesis of clairn 6, wherein the at least one information marker 1s visible

with fluoroscopic visualization techniques.

18, The heart prosthesis of clatm 6, wherein the at least one information marker comprises

muitiple markers.

11, The heart prosthesis of claim 6, wherein the at least one information marker comprises

alphanumeric characters formed of radiopaque material,

12, The heart prosthesis of clairo 6, wherein the at least one information marker comprises at

ieast one of a bar code, 8 QR code, and a binary code.

13. A replacerment prosthetic heart valve ju combination with an original heart prosthesis,
wherein the original heart prosthesis comprises at least one information marker that indicates one
or more of a manufacturer, type, roodel, feature, size, and date associated with the original heart

prosthesis.

14, The combination of claim 13, wherein the at least one information marker is visible with

fluoroscopic visualization techniques.

15. The combination of claim 13, wherein the at least one information marker comprises

roultiple markers.

16. The combination of claim 13, wherein the at least one information marker comprises

alphanumeric characters formed of radiopaque material.

17. The combination of claim 13, wherein the at least one information marker comprises at
icast one of a bar code, a QR code, and a binary code.

20



WO 2015/073815 PCT/US2014/065692

18 The combination of claim 13, wherein the original heart prosthesis comprises an

avnuloplasty prosthesis.

19, The combination of claim 13, wherein the original heart prosthesis comprises an original

prosthetic heart valve,

21



WO 2015/073815 PCT/US2014/065692

174

24
10
[
12
X2h M
70
i NP
) !
{ \ }
22

FIG. 1



Y Wi

Nt

W

FIG. 3



/////////////////




/////////////////

FIG. 6

\M&M%&Mi .

WAV VENVE")
FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/065692

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61F2/24
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61lF A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

25 July 1996 (1996-07-25)

1-8; figure 10
page 9, line 11 - Tine 14

9 July 1998 (1998-07-09)

claims 2,6,7,10; figures

X WO 96/22058 Al (LIPOMATRIX INC [CH])

page 1, line 6 - page 2, line 11; claims

X WO 98/29146 Al (ST JUDE MEDICAL [US])

6,11-13,
17,19

6-8,10,
11,13,
15,18,19

WO 2009/094501 Al (MEDTRONIC INC [US];
RYAN TIMOTHY R [US]; TABOR CHARLES P [US])
30 July 2009 (2009-07-30)

page 4, line 19 - line 27; claim 6; figure

= WO o)
w1
1 =~
==
Ch v

-

=

(Yo

1
page 8, line 1 - Tine 15
page 14, line 1 - line 17

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

17 April 2015

Date of mailing of the international search report

24/04/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Neumann, Elisabeth

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/065692

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0016], [0020], [0042],
[0044]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2010/031060 Al (MEDTRONIC VENTOR 6,7,
TECHNOLOGIES [US]; TUVAL YOSI [IL]; BENARY 9-11,
RAFI [IL]) 18 March 2010 (2010-03-18) 13-16,19
page 28, paragraph 2; claim 6; figure 10A

X US 2007/018810 Al (SMYTHE ALAN H [US] ET 6,7,10,
AL) 25 January 2007 (2007-01-25) 12,13,

15,17,19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/065692
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: -
because they relate to subject matter not required to be searched by this Authority, namely:
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/065692
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9622058 Al 25-07-1996 AU 4730096 A 07-08-1996
US 5716407 A 10-02-1998
US 5977431 A 02-11-1999
WO 9622058 Al 25-07-1996

WO 9829146 Al 09-07-1998  BR 9713651 A 11-04-2000
EP 1011742 Al 28-06-2000
US 6074419 A 13-06-2000
US 6613087 Bl 02-09-2003
WO 9829146 Al 09-07-1998
ZA 9711638 A 29-06-1999

WO 2009094501 Al 30-07-2009  EP 2254512 Al 01-12-2010
US 2009192591 Al 30-07-2009
WO 2009094501 Al 30-07-2009

WO 2010031060 Al 18-03-2010  EP 2358307 Al 24-08-2011
US 2010121436 Al 13-05-2010
WO 2010031060 Al 18-03-2010

US 2007018810 Al 25-01-2007  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

