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SET OF ANNULOPLASTY DEVICES WITH VARYING
ANTERIOR-POSTERIOR RATIOS AND RELATED METHODS

Priority
The present non-provisional patent application claims benefit from United States
Provisional Patent Application having serial number 61/062,412, filed on January 25,
2008, by Ryan et al., and titled SYSTEM OF ANNULOPLASTY DEVICES WITH
VARYING ANTERIOR-POSTERIOR RATIOS AND RELATED DEVICES AND
METHODS, wherein the entirety of said provisional patent application is incorporated

herein by reference.

Technical Field

The present invention relates generally to devices and methods for repair of heart
valves, and more particularly to a set of annuloplasty devices for mitral valve repair that

includes devices having varying anterior-posterior ratios to treat different pathologies.

Background of the Invention

Heart valve disease is a widespread condition in which one or more of the
valves of the heart fails to function properly. Various surgical techniques may be
used to replace or repair a diseased or damaged valve. In just one way, in a valve
replacement surgery, damaged leaflets of the valve are excised and the annulus is
sculpted to receive a replacement valve. Another less drastic method for treating
defective valves is repair or reconstruction by annuloplasty, in which the valve
annulus is re-shaped and held in place by attaching a prosthetic annuloplasty repair
segment or ring to an interior wall of the heart around the valve annulus. The
annuloplasty ring is designed to support the functional changes that occur during the
cardiac cycle; maintaining coaptation and valve integrity.

There are two atrio-ventricular valves in the heart, which include the mitral
valve on the left side of the heart and the tricuspid valve on the right side of the heart.
Anatomically speaking, each valve type forms or defines a valve annulus and valve

leaflets; however, the mitral and tricuspid valves differ significantly in anatomy.
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Whereas the annulus of the mitral valve is somewhat "D" shaped, the annulus of the
tricuspid valve is more nearly elliptical. Both valves can be subjected to or incur
damage that requires that one or both of the valves be repaired or replaced.
Annuloplasty prostheses, which can generally be categorized as either annuloplasty
rings or annuloplasty bands, are employed in conjunction with valvular reconstructive
surgery to assist in the correction of heart valve defects such as stenosis and valvular
insufficiency.

One type of valvular insufficiency is ischemic mitral regurgitation (IMR). In
IMR, the coordination of the mitral leaflets, the mitral annulus, the subvalvular
apparatus and the left ventricular wall is upset in some way. There are many causes,
such as congenital defects, rheumatic fever, endocarditis, etc. There is a classification
system for IMR, which was developed by Carpentier. IMR is classified as either
Type I, 11, Ila or I1Ib, based mainly on leaflet motion.

The effects of valvular dysfunction vary, with IMR typically having more
severe physiological consequences to the patient than tricuspid valve regurgitation. In
either area of the heart, however, many of the defects are associated with dilation of
the valve annulus. This dilation not only prevents competence of the valve but also
results in distortion of the normal shape of the valve orifice. Remodeling of the
annulus is therefore central to most reconstructive procedures on the valves. Clinical
experience has shown that repair of the valves, when technically possible, produces
better long-term results than valve replacement.

With regard to the mitral valve, many procedures have been described to
correct the pathology of the valve leaflets and their associated chordae tendinae and
papillary muscles. The mitral valve, in particular, is a bicuspid valve having a
posterior leaflet that has an annulus insertion length that is larger than that of an
anterior leaflet, which coapts or meets with the posterior leaflet. Each of the leaflets
has indentations dividing them each into three segments, with the posterior leaflet
having segments P1 (anterolateral), P2 (middle) and P3 (posteromedial), and the
anterior leaflet having segments Al (anterolateral), A2 (middle) and A3
(posteromedial). The part of the mitral valve annulus that is attached to the anterior

leaflet is called the anterior aspect, while the part attached to the posterior leaflet is
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called the posterior aspect. The two leaflets are fused at two commissures that are
inserted in the annulus just below the level of two cardiac trigones, called the
anterolateral trigone and the posterolateral trigone.

In mitral valve repair, coaptation of the posterior and anterior leaflets is
important. Also, it is considered important to preserve the normal distance between
the two trigones. A significant surgical diminution of the inter-trigonal distance may
cause left ventricular outflow obstruction and/or distortion of the base of the aortic
valve. Thus, it is desirable to maintain the natural inter-trigonal distance and shape
following mitral valve repair surgery.

Mitral valve annulus dilation tends to be confined to the posterior aspect, resulting
in a posterior aspect that is larger than normal. Consequently, the repair of mitral valve
annulus dilation generally involves reducing the size of the posterior aspect.

In the repair of mitral valve annulus dilation, the associated procedure begins
with identification of the trigones. The distance between the trigones (i.e., inter-
trigonal distance) or commissures (i.c., inter-commissural distance) remains
practically constant during the cardiac cycle in any one particular patient, but may
vary from 24 to 40 mm in length in patients. Annuloplasty devices used to treat
mitral valve dilation are available in different sizes based upon the distance between
the trigones along the anterior aspect (i.c., the aortic curtain). Alternatively, anterior
and posterior commissures of the heart are used to size a valve annulus. Either way, it
is critical to the successful outcome of the annuloplasty procedure to accurately
determine the size of the annulus. Generally, the annuloplasty devices are available in
even 2 mm increments from about 24mm to about 40mm.

As a part of the mitral valve repair using remodeling, the annulus is generally
brought into its shape and positioned such that the inter-trigonal (or inter-
commissural) distance is like that at the end of systole. Generally, the involved
segment of the annulus, mainly the posterior aspect, is diminished (i.c., constricted) so
that the leaflets may coapt correctly on closing, or the annulus is stabilized to prevent
post-operative dilatation from occurring. Either result is frequently achieved by the

implantation of a prosthetic ring or band in a supra annular position. The purpose of
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the ring or band is to restrict, remodel and/or support the annulus to correct and/or
prevent valvular insufficiency.

Annuloplasty devices for mitral valve repair have generally been configured to
restore the original, healthy shape of the mitral annulus at the end of systole. The ring
is typically semi-rigid, planar and restores the primary anterior-posterior (A-P)
dimension or ratio of the mitral annulus. The ring typically allows for sufficient
coaptation of the leaflets at the end of systole.

When annuloplasty devices are used to reduce dilation of the mitral valve and
coapt the leaflets, in some cases there is excess leaflet tissue. For example, with
Barlow’s disease, excess mitral valve leaflet tissue exists. This may result in mitral
valve regurgitation. In particular, the anterior mitral leaflet may have excess tissue
that, after implantation of the annuloplasty device may experience systolic anterior
motion (SAM), which is when the anterior leaflet is pulled into the outflow tract of
the left ventricle during the systolic phase of the cardiac cycle. This causes the mitral
valve to leak back into the left atrium.

There is a continued desire to be able to improve annuloplasty devices to
accommodate different physical structures of the heart due to different disease states

of the heart.

Summary of the Invention

The present invention generally involves a set of devices, a kit, and related
methods for the treatment of mitral valve disease. In particular, the kit comprises the set
of devices, which comprises annuloplasty devices having a particular size relating to a

particular inter-trigonal (or inter-commissural) distance, wherein the set of devices

comprises at least two different devices with different anterior-posterior (A-P) ratios, and

possibly varying, design, shapes and/or components.

Embodiments of the present invention offer numerous advantages. A single design

of annuloplasty device cannot address all the different pathologies or disease states of
different mitral valves. Therefore, one advantage of the present invention is that it
provides a set of devices that fit a particular size of valve but that that have different

designs that address different disease etiologies of the mitral valve. These different
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designs have varying A-P ratios. Therefore, a surgeon using the present invention will
have a choice of different annuloplasty device designs with different A-P ratios available
for a particular annuloplasty repair. The devices in the set or kit preferably address most
of the pathologies of the mitral valve whether they are congenital, rheumatic,
degenerative, or functional, which is beneficial for a surgeon to have at his or her disposal
during valve surgery. The set of annuloplasty devices can adjust the A-P ratio of an
annulus in order to achieve proper leaflet coaptation, while keeping the inter-trigonal (or
inter-commissural) distance intact to preserve both functions of the outflow tract and the
aortic valve. Another advantage of the present invention is that the devices in the kit and
set preferably have three-dimensional (3D) shape that allows for adequate coaptation and
avoids the effect of the area of coaptation being displaced anteriorly with unwanted
“acutening” of the mitro-aortic angle that may occur with planar rings. Yet another
advantage of the present invention is that the 3D shape of the devices in the kit avoids the
need for a surgeon to lower the posterior leaflet, which is a time-consuming procedure. A
further advantage is that the set of devices preferably includes devices that have different
flexibilities to address different pathologies of the mitral valve, which are readily available
to a surgeon. In particular, some of the preferred devices allow flexibility between the
trigones of the valve annulus.

A first aspect of the present invention is a kit for annuloplasty repair of a heart
valve annulus having an anterior aspect and a posterior aspect. The kit comprises: a
plurality of annuloplasty devices each comprising one of a plurality of different sizes;
wherein the different sizes each correspond to a different inter-trigonal (or inter-
commissural) distance of a heart valve annulus, and for each of the plurality of different
sizes there are at least two devices each having the same size but having different A-P
ratios. For each size of the plurality of annuloplasty devices, the kit may include three
devices that each have different A-P ratios. The three different A-P ratios may be about
0.55, about 0.75 and about 0.85. The devices having the A-P ratios of about 0.75 and
about 0.85 may comprise a continuous ring having a saddle shape, an anterior segment
that corresponds to the anterior aspect of the annulus and a posterior segment
corresponding to the posterior aspect of the annulus, the anterior segment may be flexible,

and the posterior segment may be rigid or semi-rigid, and the device having the A-P ratio
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of about 0.55 may comprise a continuous ring that may be rigid or semi-rigid and may
have a saddle shape. The devices having the A-P ratios of about 0.75 and about 0.85 may
comprise: an arcuate stiffening element corresponding to the posterior aspect of the valve
annulus; and a flexible segment corresponding to the anterior aspect of the valve annulus;
wherein the flexible segment is characterized as being more flexible than the stiffening
element. The device having the A-P ratio of about 0.55 may comprise: a continuous ring;
wherein the ring has an anterior portion that is implanted on the anterior aspect of the
mitral valve annulus and a posterior portion that is implanted on the posterior aspect of the
mitral valve annulus; the ring is oriented about a central flow axis, the central flow axis
defining an upward direction and a downward direction, the downward direction
corresponding to the direction of blood flow through the valve annulus; the anterior
portion is upwardly curved from a reference plane, which is perpendicular to the central
flow axis, by an anterior annular height, which is measured from the reference plane to a
point on the anterior portion that is furthest from the reference plane; and the posterior
portion is upwardly curved from the reference plane by a posterior annular height, which
is measured from the reference plane to a point on the posterior portion that is furthest
from the reference plane. The anterior annular height may be greater than the posterior
annular height. The ring may have a commissural width, which is defined as the interior
distance across the widest part of the ring, and the anterior annular height to commissural
width ratio may be greater than the posterior annular height to commissural width ratio.
The anterior portion may include a dip inward toward the central flow axis.

A second aspect of the present invention is a set of annuloplasty devices
comprising: at least two annuloplasty devices having a particular size that corresponds
to an inter-trigonal (or inter-commissural) distance of a heart valve annulus; wherein
the at least two annuloplasty devices have different A-P ratios. The at least two
annuloplasty devices may have different two-dimensional and/or three-dimensional
shapes. The set may include three annuloplasty devices, a first device has an A-P
ratio of about 0.55, a second device has an A-P ratio of about 0.75 and a third device
has an A-P ratio of about 0.85.

A third aspect of the present invention is a method of choosing an

annuloplasty device for implantation in a valve annulus, the method comprising the
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steps of: measuring the inter-trigonal (or inter-commissural) distance of the valve
annulus; providing at least two annuloplasty devices that have a size that corresponds
to the measured inter-trigonal distance of the valve annulus, and that each have a
different A-P ratio; and choosing one of the at least two annuloplasty devices
depending upon the A-P ratio desired. The at least two annuloplasty devices may
comprise three annuloplasty devices, a first device has an A-P ratio of about 0.55, a
second device has an A-P ratio of about 0.75 and a third device has an A-P ratio of
about 0.85. The second and third devices may comprise a continuous ring having a
saddle shape, an anterior segment that corresponds to the anterior aspect of the
annulus and a posterior segment corresponding to the posterior aspect of the annulus,
the anterior segment is flexible, and the posterior segment is rigid or semi-rigid, and
the first device comprises a continuous ring that is rigid or semi-rigid and has a saddle

shape.

Brief Description of the Drawings

The present invention will be further explained with reference to the appended
Figures, wherein:

FIG. 1 is a plan view of an annuloplasty device of the enlarging category, in
accordance with the present invention;

FIG. 2 is a side view of the device in FIG. 1;

FIG. 3 is a plan view of an annuloplasty device of the remodeling category, in
accordance with the present invention;

FIG. 4 is a side view of the device in FIG. 3;

FIG. 5 is a plan view of an annuloplasty device of the restrictive category, in
accordance with the present invention;

FIG. 6 is a side view of the device in FIG. 5;

FIG. 7 is a plan view of the device of FIG. 3;

FIG. 8 is a perspective view of the device of FIG. 3;

FIG. 9 is a perspective view of the stiffening element of the device of FIG. 3 as
shown in FIG. §;

FIG. 10 is a plan view of the device of FIG. 1, with portions cut away;
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FIG. 11 is a plan view of the device of FIG. 3, with portions cut away;

FIG. 12 is a plan view of the device of FIG. 5, with portions cut away;

FIG. 13 is a rear view of the device of FIGS. 5 and 6;

FIG. 14 is a see-through, perspective view of the device of FIGS. 1 and 2;
FIG. 15 is a see-through, perspective view of the device of FIGS. 3 and 4; and
FIG. 16 is a see-through, perspective view of the device of FIGS. 5 and 6.

Detailed Description of Preferred Embodiments

With reference to the accompanying figures, wherein like components are labeled
with like numerals throughout the several figures, a set of, or kit including, annuloplasty
devices is disclosed, taught and suggested. In particular, the set of annuloplasty devices
correspond to one size of annulus, i.e. one inter-trigonal distance. The set comprises at
least two devices of a given size, or inter-trigonal or inter-commissural distance, that have
different anterior-posterior (A-P) ratios and possibly different designs. A purpose of the
set of devices is to provide a set of devices to a surgeon that are able to address different
possible disease ctiologies in the repair of a single mitral valve. By allowing a surgeon to
choose from a set of at least two annuloplasty devices of a certain size that each have a
different A-P ratio, provides the surgeon the ability to more specifically address a problem
with a particular valve. The set of annuloplasty devices may also comprise different
shapes and/or components that also address different problems with valves.

An exemplary kit and set of annuloplasty devices in accordance with the present
invention is shown and described below. However, other kits and sets are also
contemplated by the present invention. The exemplary set of devices shown includes
three types or categories of annuloplasty devices, with the three types being available in a
plurality of different sizes to make up the kit.

FIGS. 1-6 show plan and side views of the three categories of devices in the
exemplary set of devices, for comparison purposes. The three categories are described as

2% ¢

“enlarging,” “remodeling (or restorative),” and “restrictive.” FIGS. 1 and 2 show plan and
side views of an exemplary annuloplasty device 200 of the enlarging type. FIGS. 3 and 4
show plan and side views of an exemplary annuloplasty device 100 of the remodeling

type. And, FIGS. 5 and 6 show plan and side views of an exemplary annuloplasty device
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300 of the restrictive type. These devices 100, 200, 300 are, however, exemplary and
other designs are also contemplated by the present invention.

As can be seen in FIGS. 1-6, the two-dimensional (2D) and/or the 3D shapes of the
three categories of devices 100, 200, 300 preferably differ. The A-P ratios of the
categories of devices 100, 200, 300 also differ. The A-P ratio of the device of the
remodeling category 100 is preferably that which is considered to be traditional, natural or
native to the mitral valve annulus. FIG. 3 demonstrates how the A-P ratio of the devices
of the present invention is preferably measured. Device 100 has a major axis diameter
Dmaj (preferably located where the major diameter is the largest) and a minor axis diameter
Dmin (preferably located at the center of the device, or halfway between the parts or the
device that correspond to the two trigones of the valve annulus). The ratio of the minor
axis (inner) diameter Dy, to the major axis (inner) diameter Dy, 1s the A-P ratio of the
device 100. This is the method used to calculate the A-P ratio for devices of the present
invention, although other methods are contemplated.

Another known method for measuring the A-P ratio of a device may alternatively
be used to the method described above. This other method, however, results in different
A-P ratios for the same device. In general, the A-P ratio calculated using this other
method, known as the “centerline method,” is about 0.05 higher than for the inner
diameter method described above. This centerline method also uses the largest major axis
diameter, but takes the measurement from the center of the body of the device on one side
to the center of the body of the device on the other side, and does not use the inner
diameter. For the minor axis measurement, the distance between the center of the body of
the device on one side to the center of the body of the device on the other is measured,
which is measured at a centerline located halfway between the parts of the device that
correspond to the two trigones of the valve annulus.

A remodeling type of device is shown in FIGS. 3, 4, which is device 100. A
preferred embodiment of annuloplasty device 100 is described in a co-pending
application, U.S. Patent Application having serial number 11/809,194 and filed May
31, 2007, in the name of Ryan et al., which is incorporated herein by reference in its

entirety. FIG. 7 shows another exemplary remodeling type annuloplasty device 100.
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However, other exemplary remodeling devices having different designs and/or
components are also contemplated by the present invention.

As shown in FIG. 7, device 100 preferably includes a member comprising a
posterior segment 120 and an anterior segment 118, which correspond to the posterior and
anterior aspects of a valve annulus, respectively. The member includes a stiffening
element (not shown) in at least its posterior segment 120. A fabric sheath 136
encompasses the stiffening element. In general terms, the stiffening element imparts an
arcuate 2D and/or a 3D shape to the annuloplasty ring 100, and is adapted to remodel the
valve annulus (not shown) in question to a desired shape and/or size.

The stiffening element (not shown in FIG. 7, but shown in FIG. 9 as 132) is
preferably designed to be covered and implanted in a mitral valve annulus. The stiffening
element 132 may comprise a metal, ceramic, polymer or a composite, for examples. If the
stiffening element 132 comprises a metal wire, the wire can be formed of any medically-
acceptable, implantable, biocompatible metal, such as MP35N alloy, titanium, stainless
steel, shape memory materials such as Nitinol™, or other similar inert biocompatible
metal. Some desirable properties of suitable materials for use in the stiffening element
132 include, but are not limited to, biocompatibility, biostability, and corrosion- and
fatigue-resistance.

The stiffening element 132 may be made of a material that imparts rigidity to
the stiffening element 132, which in turn imparts rigidity to the annuloplasty device
100. The stiffening element 132 can be made of a material that is suitable for a
desired stiffness. In particular, the remodeling device 100 may comprise a semi-rigid
material that may optimize and hold the shape of the annulus in place. The stiffening
element 132 may, however, comprise a rigid, semi-rigid or flexible material, or may
be a combination of rigid, semi-rigid, and/or flexible materials and/or portions.

Flexibility or rigidity of the device 100 can vary around its circumference by
providing a stiffening element 100 made of multiple materials having different
flexibilities/rigidities that are attached or otherwise extend from each other around the
circumference of the annuloplasty device 100. The device 100 may provide different

grades of flexibility. For example, the device 100 may provide different flexibilities



10

15

20

25

30

P0030835.02
WO 2009/094496 PCT/US2009/031758

11

and particularly to the part of the device 100 that corresponds to the inter-trigonal
area, or anterior aspect, of the annulus.

The stiffening element 132 may generally have a circular square cross section.
However, cross sections of other shapes are also contemplated by the present invention
(e.g., square, square circular, circular, rectangular, elliptical, triangular, or the like).
Different cross-sectional shapes can be used to impart varying degrees of bending or
torsional stiffness depending on the bending/twisting plane with respect to a section
modulus. Also, the cross-sectional shape may be varied around the circumference of the
stiffening element 132. An annuloplasty device 100 having varying rigidity can be made,
for example, by providing a stiffening element that varies in area and/or cross-section
around its circumference, thereby providing a ring having varying flexibility around its
circumference.

Preferably, the stiffening element 132 may be covered or over molded with a
biocompatible, biostable, implantable medical grade elastomeric protective coating. The
coating may comprise an clastomeric thermoplastic polymer (e.g., polyurethane) or a
silicone (e.g., liquid silicone rubber) to provide a consistent profile and to create desirable
needle penetration properties for the surgeon. Also, the protective coating can optionally
impart radiopaque and echogenic in vivo visualization, for example. Alternatively, the
protective coating may be tubing within which the stiffening element is disposed, with the
tubing consisting of biocompatible, biostable, implantable medical grade elastomeric
material, such as elastomeric thermoplastic polymer (e.g., polyurcthane) or silicone. The
some embodiments, the protective coating or tubing may comprise varying profiles to
create desirable needle penetration into the device for a surgeon. In yet other
embodiments, the protective coating may be eliminated.

The stiffening element 132, with or without the protective coating, is preferably
covered with a sheath or covering 136. The covering or sheath 136 may comprise a
knitted polymeric fabric (e.g., Dacron™), although woven, non-woven materials (e.g.,
spun-bond, melt-blown, staple fiber matrix, etc.), braided fabrics, or metallic braids (e.g.
titanium, Nitinol™, and stainless steel wires) are also contemplated, as well as sheaths
formed of harvested biological tissue (e.g., pericardial tissue). The covering or sheath 136

may optionally be provided with any of various biocompatible coatings. The preferred
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purpose of the covering or sheath 136 is to provide a site for attachment of the device 100
to an annulus using invasive or minimally invasive surgical techniques as well as to allow
for in-growth of the device 100 with the native valve tissue. A plurality of knotted sutures
is typically used to secure the annuloplasty device 100 to the mitral valve annulus,
although other fasteners such as staples, fibrin glue, or the like may be used.

The stiffening element 132 may also be radiopaque, echogenic, MRI-compatible
and/or otherwise imaging enhanced so that it may readily be visualized after implantation
using various existing techniques or any future developed techniques, including x-ray,
MRI, echogram, etc. By “radiopaque,” it is meant that the material or element prevents
the passage of radiation. ‘“Radiation” is meant to include electromagnetic energy, light,
etc. By “echogenic,” it is meant that it reflects sound waves. By “MRI-compatible” it is
meant that the material or element is both MRI safe and capable of being excited by MRI.

For the remodeling category, the device 100 preferably includes the stiffening
element 132 only in the portion of the device 100 that corresponds to the posterior leaflet
of the mitral valve annulus. The stiffening element 132 defines discrete, first and second
ends 146, 148 (FIG. 9). Preferably, the anterior segment 118 of the device 100 includes a
flexible configuration that is characterized as being more flexible than the stiffening
element 132.

Available shapes for the stiffening element 132 are described in greater detail
below. In general terms, however, for the remodeling category of devices, the stiffening
element 132 is preferably shaped to match the native or natural shape of a valve annulus in
which an annuloplasty device 100 is to be applied at least with respect to the desired size
of a modified or corrected annulus or portion thereof. Thus, the stiffening element 132
can be generally shaped to mimic the native natural mitral valve posterior annulus
anatomy (i.c., generally symmetrical, horseshoe-like shape) for mitral valve annulus
repair.

The flexible anterior segment 118 may comprise a plurality of fabric layers, which
may have varied stiffnesses. Alternatively, the anterior segment 118 may comprise
silicone, which may be molded extruded or cast. Another exemplary configuration is to
include one or more polymer strips inside a fabric covering. Other flexible configurations

for the anterior segment 118 are also contemplated.
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Flexibility of the anterior segment 118 is important to address issues associated
with some disease ctiologies of heart valves. For example, the flexible anterior segment
118 may allow excess anterior leaflet tissue to move or flex within the ventricular outflow
tract.

The fabric sheath 136 of device 100 is preferably formed about the stiffening
element 132 for all three types of rings. The fabric sheath may comprise a knitted
polyester fabric (e.g., Dacron™), although woven, non-woven (e.g., spun-bond, melt-
blown, staple fiber matrix, etc.) or braided fabrics are also contemplated, as well as
sheaths formed of harvested biological tissue (e.g., pericardial tissue). The fabric sheath
136 may optionally be provided with any of various biocompatible coatings.

The fabric sheath preferably includes three sutures 110 that mark certain areas for
implantation purposes. There are two suture marks on the anterior portion 118 that
correspond to where the device 100 is designed to be secured to the antero-lateral and the
postero-medial trigones of the annulus. Another suture mark 110 identifies a midpoint of
the posterior segment 120 of the device 100. Similar suture marks 210, 310 are also found
on devices 200 and 300, respectively.

The orientation of device 100 to a mitral valve annulus is specific. The
annuloplasty device 100 includes a posterior segment 120 and an anterior segment 118
that make up the circumference of the device 100. The posterior segment 120 corresponds
with a posterior aspect of a mitral valve annulus, and is defined along a region of the
stiffening element 132. The anterior segment 118 corresponds with an anterior aspect of a
mitral valve annulus. As such, upon final implant, the posterior segment 120 of the
annuloplasty device 100, and in particular the stiffening element 132 associated therewith,
serves to rigidly or semi-rigidly re-model a shape of the posterior aspect to a desired
extent. Conversely, the anterior segment 118 may flex or move with natural movement of
the anterior aspect, and impedes overt dilatation of the anterior aspect by limiting
separation of stiffening element 132 ends 146, 148. In other embodiments, the anterior
segment 118 of the annuloplasty device 100 can have a slightly more rigid configuration.
With this alternative configuration, the anterior segment 118 is still capable of moving
with natural movement of the anterior aspect and impedes overt dilatation of the

annuloplasty device 100, and in particular the stiffening element 132, when in a taut state.
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Lateral spacing (indicated as “Ls” in FIGS. 10, 11) between the first and second
free ends 146, 148 of the stiffening element 132 in device 100 and the first and second free
ends 246, 248 of the stiffening element in device 200 may be varied. For example, some
preferred lateral spacings are 0.55 in (15.24 mm), 0.8 in (20.32 mm) and 1.0 in (25.4 mm),
for a device 100 having a Dpy,jof 32 mm. For the same size (i.€., Dpgj 0of 32mm) of
enlarging device 200, some preferred lateral spacings are 0.9 in (22.86 mm) and 1.13 in
(28.7 mm).

The remodeling device 100 and the enlarging device 200 (FIGS. 1, 2) are
preferably generally similar in construction. Therefore, the description above with regard
to the components of device 100 also preferably applies to enlarging device 200. One
preferred difference between the two devices, however, is that the anterior segment 218 of
the enlarging type device 200 is preferably fully flexible. The flexible anterior segment
218 of device 200 is particularly well suited to address Barlow’s disease and the resultant
SAM of the anterior leaflet. The flexible anterior segment 218 of device 200 allows the
excess anterior leaflet tissue to move or flex within the ventricular outflow tract, which
preserves the ventricular outflow tract. The anterior segment 118 of the remodeling type
device 100 is, however, preferably less flexible and preferably made with a stiffer fabric or
other material than that of the enlarging type device 200.

Similar to remodeling device 100, enlarging device 200 includes an anterior
segment 218 and a posterior segment 220 that make up the circumference of the device
200. Another difference between enlarging device 200 and remodeling device 100 is that
the posterior segment 220 of the enlarging device 200 is larger or longer than the posterior
segment 120 of the remodeling device 100. As a result, the A-P ratio of the enlarging
device 200 is preferably larger than that of the remodeling device 100, and most preferably
about 0.85. The preferred A-P ratio of the remodeling device of the present invention is
about 0.55 to about 0.7.

Preferably, all three categories of devices 100, 200, 300 have a non-planar or 3D
shape that mimics or matches the native, natural mitral valve annulus while in a particular
portion of the cardiac cycle. Preferably, the 3D shapes of the remodeling device 100 and
enlarging device 200 are similar. Exemplary preferred 3D shapes can be seen in the

perspective views of the devices 100, 200, 300 in FIGS. 15, 14, 16, respectively.
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As FIGS. 14, 15 illustrate, the anterior segments 218, 118 of devices 200, 100 are
preferably flexible and may be contoured in various geometries by elastomeric properties
of the anterior segments 218, 118 itself or from the device holder. The flexible anterior
segments 218, 118 may be contoured like that of the restrictive device 300, which mimics
the annulus, or may the anterior segments 218, 118 may simply close the gap between the
stiffening elements ends 246 and 248 or 146 and 148 in the shortest manner possible.

Due to the flexibility of the anterior segment 118 in remodeling device 100 and the
anterior segment 218 in enlarging device 200, the anterior segment may move inward
toward the center or outward away from the center of such devices. As a result, the minor
diameter may be reduced or increased, which affects the calculation of the A-P ratio of the
devices.

FIG. 9 shows only the stiffening element 132 of device 100. The stiffening
element 132 of the device may define a compound 2D curve as shown or as described in
U.S. Patent No. 6,786,924. Further, and with reference to FIG. 9, the stiffening element
132 can be generally saddle-shaped. The level or severity of the saddle shape can be
selected as desired. In some embodiments, for example, a saddle shape defined by the
stiffening element 132 may approximate the variations in height evidenced or experienced
by the posterior aspect of a healthy mitral valve annulus in a systolic state or a diastolic
state as described, for example, in Thomasz, A. T., et al., Annular Height-to-Commissural
Width Ratio of Annuloplasty Rings In Vivo, (Circulation, 2005; 112 ([Suppl. 1]:1-423-428),
the teachings of which are incorporated herein by reference. The 3D shape shown and
described herein are preferred, however other shapes are also contemplated by the present
invention.

Although the remodeling device 100 (FIGS. 3, 4) and the enlarging device 200
(FIGS. 1, 2) are preferably similar in construction, the restrictive device 300, as
shown in FIGS. 5 and 6, is preferably different in construction from the other devices
100, 200. Although many components are preferably the same as that described
above for devices 100 and 200, in the exemplary restrictive device 300 rather than
having a discontinuous stiffening element, the device 300 has a continuous stiffening
element 332. FIGS. 10-12 show the three devices 100, 200, 300 in cut-away view.

FIG. 10-12 shows cut-away views of enlarging device 200, remodeling device 100
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and restrictive device 300, respectively. In particular, these figures show the
preferred stiffening elements 232, 132, 332 of devices 200, 100, 300, respectively. As
shown, the stiffening elements 132, 232 of devices 100, 200 are preferably
discontinuous, while the stiffening element 332 of the restrictive device 300 is
preferably continuous.

FIGS. 10-12 also show the inclusion of optional radiographic markers 211,
111, 311 in the devices 200, 100, 300, respectively. The markers 211, 111, 311 may
comprise any material that allows them to be visualized during or after implantation
using various existing techniques or any future developed techniques, such as, e.g., x-
ray. The markers 211, 111, 311 may assist a surgeon in correctly placing the devices
200, 100, 300 during implantation.

As described above, many of the components of the restrictive device 300 are
similar to those in the remodeling device 100. One preferred difference is that the
stiffening element 332 of the restrictive device 300 is continuous. The restrictive
device 300 is also preferably a fully rigid ring. Such a configuration is preferably
desired in order to obtain good coaptation of valve leaflets and ensure a restrictive
result in dilated cardiomyopathy with tethered valve leaflets.

The 2D and 3D shapes of the restrictive device 300 also preferably differ from
the remodeling 100 and enlarging 200 devices. For instance, the 2D shape of the
restrictive device 300 is different, as shown in FIG. 5. In particular, the anterior
segment 318 of the device 300 includes a scallop or dip 344 when viewed from a top
or planar view. The scallop or dip 344 is a contoured area that curves toward the
center, open area, or central flow axis of the device 300. The inward scallop or dip
344 of the anterior portion 318 effectively reduces the distance between the anterior
portion 318 and the posterior portion 320 across a portion of the width of the device
300 (i.e., reduces the A-P ratio), while maintaining a relatively large effective orifice
arca, which can be used to restore valvular competency. The A-P ratio of the
restrictive device 300 is preferably about 0.55. The scallop or dip 344 may act to
reduce stress on the leaflets and/or annulus. Additionally, the scallop or dip 344 may

allow for anatomic remodeling to preserve aortic valve function.
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Due to the inward scallop or dip 344 in remodeling device 300, the inner diameter
of the device in a direction of the minor axis varies. If the measurement of the minor
diameter is taken from the centerline of the device (i.e., halfway between parts
corresponding to the trigones), the minor axis diameter will be less than if the
measurement is taken at other locations.

FIG. 13 shows a rear view of restrictive device 300. The posterior segment
320 is curved upwardly from a reference plane 360 by a posterior annular height 370.
The anterior segment 318 is also curved upwardly from the reference plane 360 by an
anterior annular height 372. For comparison, both of these heights are generally
measured at approximately the same position across the width of the device 300 and
are mainly referred to herein as the points where the heights are the largest (i.c., where
the posterior 320 and anterior 318 segments are the furthest from reference plane
360).

FIG. 13 shows that the posterior annular height 370 is preferably different
from the anterior annular height 372, thereby creating a shape that can be considered
to be asymmetrical. Also, the curvature of the posterior segment 320 is different from
the curvature of the anterior segment 318 across at least most of the width of the
device 300. Preferably, the anterior annular height 372 is greater than the posterior
annular height 370, which is designed to correspond with the general shape of the
human anatomy, particularly the relationship between the anterior and posterior
annulus.

FIG. 13 show a commissural width 380 of device 300 which is the interior
distance across the widest part of the device 300. The anterior annular height 372
divided by the commissural width (at approximately 380) provides an annular height
to commissural width ratio of the anterior segment 318 of the device 300, which is
referred to herein as “AHCWRant”. Similarly, the posterior annular height 370
divided by the commissural width 380 provides an annular height to commissural
width ratio of the posterior portion 320 of ring 300 referred to herein as
“AHCWRposr”. These ratios of anterior or posterior annular height to commissural
width ratios normalize the saddle-shaped vertical component of the device 300

throughout varying valve sizes. The AHCWRnr is different from the AHCWRpogs,
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since the preferred restrictive device 300 is asymmetrical relative to its posterior and
anterior portions. Further, because anterior annular height is larger than posterior
annular height in order to model the annular anatomy of the patient, AHCWRAax is
larger than AHCWRppgr. The preferred device 300 has an AHCWR ant 0of 25% and
an AHCWRpost of 15%, although other percentages are also contemplated.

Preferably, the restrictive device 300 is fully rigid. Preferably, the stiffening
element 332 of device 300 comprises a material such as titanium. Also, preferably,
the cross-section of the stiffening element 332 is the same throughout and thereby
provides uniform rigidity throughout. Other configurations are contemplated,
however.

The set of devices of the present invention may preferably be available in many
different sizes, which is provided as a kit. The size of the devices is based upon the length
of the major axis of the device, which is Dp,j, as indicated in FIG. 1, which correlates to
the inter-trigonal (or inter-commissural) distance of an annulus. Annuloplasty devices are
generally available starting with a Dyy,j of 24 mm and increasing by 2mm each. Therefore,
the annuloplasty devices, 100, 200 and 300 of the present invention are preferably
available having a Dy, of about 24mm to about 40mm. Most preferably, at least three of
the most common sizes are available, which are 28mm, 32mm and 36mm.

For each size, Dy, or inter-trigonal (or inter-commissural) distance, of device
there are three types or categories, as discussed above. The three different categories of
devices are designed to address different problems, pathologies, discase states, etc.,
relating to the heart. The remodeling (restorative) category has a traditional annuloplasty
device design, which reshapes the annulus that generally has a dilated posterior annulus.
The remodeling (restorative) category of devices is designed to address degenerative heart
disease, myxomatous degeneration, fibroelastic deficiency, types I and I IMR, and
degenerative diseases which result in a dilated posterior annulus, for examples. In
particular, the restrictive category of devices is preferably designed to address cardiac
ischemia, dilated cardiomyopathy, tethered leaflets in secondary mitral valve
insufficiency, and Type IIIb IMR, for examples. And, the enlarging category of devices is
designed to address Barlow’s syndrome, systolic anterior motion (SAM) in Myxoid Heart

Disease, septal hypertrophy, and Type Il IMR, for examples. It is contemplated, however,
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that the set of devices may include additional types of devices that address additional heart
conditions.

Although the present invention has been described above with regard to a set of
three annuloplasty devices of varying A-P ratios, but have the same size, other sets of
devices are also contemplated. For example, more than three devices with additional A-P
ratios may be included in the set and kit. Also, other shapes and designs of devices may
be included that would provide desired A-P ratios in the set and kit.

The present invention also includes methods that relate to the set and kit of
annuloplasty devices. One method is a method of choosing an annuloplasty device for
implantation in a valve annulus, the method comprising the steps of: measuring the inter-
trigonal distance of the valve annulus; providing at least two annuloplasty devices that
have a size that corresponds to the measured inter-trigonal distance of the valve annulus,
and that each have a different A-P ratio; and choosing one of the at least two annuloplasty
devices depending upon the A-P ratio desired. Other similar methods are also
contemplated by the present invention.

The present invention as shown in the accompanying figures and described herein
is particularly designed for or relates to the mitral valve. However, the present invention
is not limited for application to the mitral valve, and it is contemplated that variations of
the embodiments may apply to other valves.

It is to be understood that while particular embodiments of the present inventive
annuloplasty device have been illustrated for use in typical valve repair procedures,
various modifications to shape, and arrangement of parts can be made as may be desirable
for varying applications as may relate to valve sizes, discase states, or later developed
techniques.

The present invention has now been described with reference to several embodiments
thereof. The entire disclosure of any article, patent or patent application identified herein
is hereby incorporated by reference. The foregoing detailed description has been given for
clarity of understanding only. No unnecessary limitations are to be understood therefrom.
It will be apparent to those skilled in the art that many changes can be made in the
embodiments described without departing from the scope of the invention.

In the Claims:
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CLAIMS:

1. A kit for annuloplasty repair of a heart valve annulus having an anterior aspect and

a posterior aspect, the kit comprising:

a plurality of annuloplasty devices each comprising one of a plurality of different
sizes; wherein the different sizes each correspond to a different inter-trigonal or inter-
commissural distance of a heart valve annulus, and for each of the plurality of different
sizes there are at least two devices each having the same size but having different anterior-

posterior ratios.

2. The kit of claim 1, wherein for each size of the plurality of annuloplasty devices,

the kit includes three devices that each have different anterior-posterior ratios.

3. The kit of claim 2, wherein the three different anterior-posterior ratios are about

0.55, about 0.75 and about 0.85.

4. The kit of claim 3, wherein the devices having the anterior-posterior ratios of about
0.75 and about 0.85 comprise a continuous ring having a saddle shape, an anterior segment
that corresponds to the anterior aspect of the annulus and a posterior segment
corresponding to the posterior aspect of the annulus, the anterior segment is flexible, and
the posterior segment is rigid or semi-rigid, and the device having the anterior-posterior
ratio of about 0.55 comprises a continuous ring that is rigid or semi-rigid and has a saddle

shape.

5. The kit of claim 3, wherein the device having the anterior-posterior ratio of about
0.75 and about 0.85 comprises:

an arcuate stiffening element corresponding to the posterior aspect of the valve
annulus; and

a flexible segment corresponding to the anterior aspect of the valve annulus;
wherein the flexible segment is characterized as being more flexible than the stiffening

element.
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6. The kit of claim 3, wherein the device having the anterior-posterior ratio of
about 0.55 comprises:
a continuous ring;
wherein the ring has an anterior portion that is implanted on the anterior aspect
of the mitral valve annulus and a posterior portion that is implanted on
the posterior aspect of the mitral valve annulus;
the ring is oriented about a central flow axis, the central flow axis defining an
upward direction and a downward direction, the downward direction
corresponding to the direction of blood flow through the valve annulus;
the anterior portion is upwardly curved from a reference plane, which is
perpendicular to the central flow axis, by an anterior annular height,
which is measured from the reference plane to a point on the anterior
portion that is furthest from the reference plane; and
the posterior portion is upwardly curved from the reference plane by a
posterior annular height, which is measured from the reference plane to
a point on the posterior portion that is furthest from the reference

plane.

7. The kit of claim 6, wherein the anterior annular height of the device having the
anterior-posterior ratio of about 0.55 is greater than the posterior annular height of the

device.

8. The kit of claim 6, wherein the device having the anterior-posterior ratio of
about 0.55 has a commissural width, which is defined as the interior distance across
the widest part of the ring, and the anterior annular height to commissural width ratio

is greater than the posterior annular height to commissural width ratio.

9. The kit of claim 6, wherein the anterior portion of the device having the
anterior-posterior ratio of about 0.55 includes a dip inward toward the central flow

axis.
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10. A set of annuloplasty devices comprising:
at least two annuloplasty devices having a particular size that corresponds to
an inter-trigonal or inter-commissural distance of a heart valve annulus;

wherein the at least two annuloplasty devices have different anterior-posterior ratios.

11. The set of annuloplasty devices of claim 10, wherein the at least two

annuloplasty devices have different two-dimensional shapes.

12. The set of annuloplasty devices of claim 10, wherein the at least two

annuloplasty devices have different three-dimensional shapes.

13.  The set of annuloplasty devices of claim 10, wherein the set includes three
annuloplasty devices, a first device has an anterior-posterior ratio of about 0.55, a second
device has an anterior-posterior ratio of about 0.75 and a third device has an anterior-

posterior ratio of about 0.85.

14. A method of choosing an annuloplasty device for implantation in a valve annulus,
the method comprising the steps of:

measuring the inter-trigonal or inter-commissural distance of the valve annulus;

providing at least two annuloplasty devices that have a size that corresponds to the
measured inter-trigonal distance of the valve annulus, and that each have a different
anterior-posterior ratio; and

choosing one of the at least two annuloplasty devices depending upon the

anterior-posterior ratio desired.

15. The method of claim 14, wherein the at least two annuloplasty devices comprise
three annuloplasty devices, a first device has an anterior-posterior ratio of about 0.55, a
second device has an anterior-posterior ratio of about 0.75 and a third device has an

anterior-posterior ratio of about 0.85.
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16. The method of claim 15, wherein the second and third devices comprise a
continuous ring having a saddle shape, an anterior segment that corresponds to the anterior
aspect of the annulus and a posterior segment corresponding to the posterior aspect of the
annulus, the anterior segment is flexible, and the posterior segment is rigid or semi-rigid,
and the first device comprises a continuous ring that is rigid or semi-rigid and has a saddle

shape.
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