Office de la Propriete Canadian CA 2654419 C 2015/02/17

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 654 41 9
e e 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2007/05/31 (51) ClL.Int./Int.Cl. A67F 2/24 (2006.01)
(87) Date publication PCT/PCT Publication Date: 200//12/13 (72) Inventeurs/Inventors:
- _ COLVIN, STEPHEN B., US;
(45) Date de delivrance/lssue Date: 2015/02/17 GALLOWAY AUBREY US
(85) Entree phase nationale/National Entry: 2008/11/27 GROSSI, EUGENE, US;
(86) N° demande PCT/PCT Application No.: US 2007/012864 RYAN, TIMOTHY R., US
(87) N° publication PCT/PCT Publication No.: 2007/143049 (73) Proprietaire/Owner:

MEDTRONIC, INC., US
(74) Agent: SMART & BIGGAR

(30) Priorite/Priority: 2006/06/02 (US60/810,599)

(54) Titre : PROTHESE D'ANNULOPLASTIE AVEC UNE IDENTIFICATION DE FORME IN VIVO ET PROCEDE D'UTILISATION
APPARENTES

(54) Title: ANNULOPLASTY PROSTHESIS WITH IN VIVO SHAPE IDENTIFICATION AND RELATED METHODS OF USE

3B

) ~O‘\\ 3B

2A

410
2A

(57) Abrege/Abstract:

An annuloplasty prosthesis including a sheath, an arcuate stiffening element, and an imaging element. The arcuate stiffening
element Is disposed within the sheath and defines discrete, first and second ends separated by a lateral spacing. The imaging
element Is disposed within the sheath along the lateral spacing. With this configuration, following implant to the valve annulus, the
Imaging element provides a mechanism for non-invasively evaluating a shape of the valve annulus, for example, via radiographic,
echogenic and/or other iImage enhancing visualization technigues. In some embodiments, the annuloplasty prosthesis provides a
radiographic, echogenic and/or other image enhanced image of a near entirety of the valve annulus.
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(57) Abstract: An annuloplasty prosthesis including a sheath, an arcuate stiffening element, and an imaging element. The arcuate
& stiffening element is disposed within the sheath and defines discrete, first and second ends separated by a lateral spacing. The imaging
N clement is disposed within the sheath along the lateral spacing. With this configuration, following implant to the valve annulus, the
imaging element provides a mechanism for non-invasively evaluating a shape of the valve annulus, for example, via radiographic,
echogenic and/or other image enhancing visualization techniques. In some embodiments, the annuloplasty prosthesis provides a
radiographic, echogenic and/or other image enhanced image of a near entirety of the valve annulus.
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ANNULOPLASTY PROSTHESIS WITH IN VIVO SHAPE
IDENTIFICATION AND RELATED METHODS OF USE

Background
The present invention relates generally to devices and methods for repair of

heart valves, such as annuloplasty rings and bands. More particularly, it relates to
annulof)lasty prostheses providing non-invasive valve status information following
15 implant. \

Annuloplasty prostheses, generally 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. '[‘ht;re are two atrio-ventricular valves in the heart. The mitral valve

20  is located on the left side of the heart, and the tricuspid valve located on the right
side. Anatomically speaking, each valve type forms or defines a valve annulus and
valve leaflets. To this end, the mitral and tricuspid valves differ significantly in
anatomy. For example, the annulus of the mitral valve is somewhat\.“D” shaped,
whereas the tricuspid valve annulus is more nearly circular. |

25 " Both valves can be subjected to or incur damage that requires the valve in
question to be repaired or replaced. The effects of valvular dysfunction vary. For
examp]c, mitral regurgitation, a complication of end-stage cardiomyopathy, has
‘more severe physiological consequences to a patient as compared to tricuspid valve
regurgitation. Regardless, many of the defects are associated with dilatétion of a

30  valve annulus. This dilatation not only prevents competence of a valve, but also

results in distortion of the normal shape of a valve orifice. Remodeling of an

annulus is therefore central to most reconstructive procedures on a mitral valve. In
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this regard, clinical experience has shown that repair of a valve, when technically

possible, produces better long-term results as compared to valve replacement.
Many procedures have been described to correct the péthology of the valve

leaflets and their associated chordae tendinae and papillary muscles. For example,
5  with respect to the mitral valve, it is a bicuspid valve having a large posteridr leaflet
that coapts or meets with a smaller anterior leaflet. 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 called the posterior aspect. There are two
ﬁbrous.trigbnes that nearly straddle the anterior aspect. With this in mind, in mitral
10 repairs, it is considered important to preserve the normal distance between the two
trigones. A significant surgiéal diminution of the inter-trigoxial distance may cause
left ventricular outflow obstruction. ' Thus, it is desirable to maintain the natural
inter-trigonal distance during and following mitral valve repair surgery. "
Consequently, when a mitral valve is repaired surgically, the result is
15 generally a reduction of the size of the posterior aspect of the mitral valve annulus.
As part of a typical mitral valve repair, an annulus or segment thereof (e.g., anterior
or posterior aspect) is diminished (i.e., constricted) so that the leaflets may coapti
correctly upon closing of the valve, or an annulus is stabilized to prevent post-
operative dilatation from occurring, either as frequently éﬁhieved by implantation of
20  a prosthetic ring or band in a supra annular position. The purpose of a rnng or band
1s to restrict and/or support an annulus to correct and/or prevent valvular
insufficiency. However, it is important not to overly restrict an annulus as an
unacceptable valvular stenosis ma} result. In tricuspid valve repair, constriction of
an annulus usually takes place by positioning a band partially about the posterior
25 leaflet segment and a small portion of the adjacent anterior leaflet segment. The
septal leaflet segment is not usually required to be shortened.
As described above, both annuloplasty rings and annuloplasty bands are
available for repair of an atrio-ventricular valve. Examples of aﬁnuloplasty rings are
shown in U.S. Patent Nos. 5,306,296; 5,669,919; 5,716,397: and 6,159,240

30 In general terms, annuloplasty rings completely encompass both the anterior and posterior

aspects of a valve annulus, and have either a rigid (or semi-rigid) design, or a flexible design.
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Annuléplasty bands, on the other hand, are specifically designed to primarily
encompass only a portion of the valve annulus. ‘With the rigid or semi-rigid
configuration, an annuloplasty ring serves to remodel the dysfunctional valve
annulus to a desired shape such as that which would mimic the normal systolic
shape of the valve. In this regard, and relative to the mitral valve, recent studies
have identified that the healthy mitral valve annulus has a natural saddle shape that
becomes exaggerated in systole. Efforts have been made to provide a rigid

'annuloplasty ring that more closely mimics this saddle shape, for example as shown

in U.S. Patent No. 6,858,039 and U.S. Publication No. 2003/0093148.
While viable, this remodeling/rigid
annulus support may overtly restrict natural movement of the mitral valve annulus

- when functioning during diastole and systole, especially in the mitral valve anterior

aspect as suggested by Parrish, L. M., et al., The Dynamic Anterior Mitral Amm‘?us,
(Annals. of Thoracic Surgery 2004; 78: 1248-55). Further, once implanted, these and

other conventional annuloplasty prosthesis do not provide a means for post-

operative evaluation or monitoring of a shape of a repaired valve annulus.

Annuloplasty bands have been developed as an alternative to an annuloplasty
ring. An annuloplasty band can have a rigid (or semi-rigid) design, or can be
flexible. With the rigid or semi-rigid approach, an annuloplasty band serves to
remodel a portion of a valve annulus, whereas other portions of a valve annulus to
which an annuloplasty band is not applied' are free to move or function in a more
natural manner. Thus, for example, with respect to a mitral valve annulus, an

annuloplasty band is implanted‘ at the posterior aspect of the annulus; a majority or

all of the anterior aspect is unencumbered by the annuloplasty band, and thus can

function or move in a more natural manner. Examples of annuloplasty band designs
arc'described in U.S. Patent No. 6,786,924, as well as U.S. Patent No. 5,824,066 and
PCT International Patent Publication No. W0O00/74603.

While highly viable, conventional

annuloplasty band configurations again do not provide a surgeon with the ability to
easily review a complete shape of the valve annulus or otherwise provide a

subsequent indication that an annuloplasty band has been implanted (as opposed to

an annuloplasty ring).
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In light of the above, a need exists for annuloplasty prosthesis providing a

more complete representation of the repaired valve annulus via non-invasive, post-

operative procedures.
Summary

Aspects in accordance with principles of the present invention relate to an
annuloplasty prosthesis for repairing an atrio-ventricular valve having a valve
annulus. The annuloplasty prosthesis includes a sheath, an arcuate stiffening
element, and an imaging element that may comprise a radiographic, echogenic
and/or other imaging enhancing material. The arcuate stiffening element 1s disposed
within the sheath and defines discrete, first and second ends separated by a lateral
spacing. The imaging element is disposed within the sheath along the lateral
spacing. With this configuration, following implant to the valve annulus, the
imaging element provides a mechanism for non-invasively evaluating a shape of the
valve annulus, for example via radiographic visualization techniques. In some
embodiments, the stiffening element is also formed of a radiopaque, echogenic
and/or other image enhancing material. With these embodiments, the annuloplasty
prosthesis can provide a radiographic representation of an entirety or a near entirety
of the valve annulus. In yet other embodiments, the imaging element is a barium
sulfate-impregnated strip. In other embodiments in accordance with principles of
the present invention, the annuloplasty prosthesis is adapted for repairing a mitral
valve annulus, with a segment of the prosthesis otherwise corresponding with the
imaging element adapted for implantation to an anterior aspect of the mitral valve
annulus.

Other aspects in accordance with principles of the present invention relate to
a method of implanting an annuloplasty prosthesis to an annulus of a heart valve of a
patient. The method includes providing an annuloplasty prosthesis including a
sheath, an arcuate stiffening element, and an imaging element. The stiffening
element is disposed within the sheath and defines discrete, first and second ends
separated by a lateral spacing. The imaging element is disposed within the sheath
along the lateral spacing. With this in mind, the annuloplasty prosthesis is
implanted to the valve annulus. A radiographic, echogenic and/or other image

enhanced image of the valve annulus is generated, including a radiographic,
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echogenic and/or other image enhanced image of the imaging element. Finally, a status of the

valve is evaluated based upon the radiographic, echogenic and/or other image enhanced
image. In some embodiments, the evaluated status of the valve relates to a flexibility of the
valve annulus. In other embodiments, the generated radiographic, echogenic and/or other
image enhanced image further includes an image of the stiffening element, with the evaluated

status relating to a calculated orifice area of the valve annulus.

In another aspect of the present invention, there is provided an annuloplasty
prosthesis for repairing an atrial-ventricular valve having a valve annulus, the prosthesis
comprising: a sheath; an arcuate stiffening element within the sheath, the stiffening element
being elongate, having a maximum width and extending between discrete ﬁrét and second
ends that are turned back toward one another and that are separated by a lateral spacing,
wherein the stiffening element is included in a first segment of the prosthesis that defines a
majority of an arcuate annular shape of the annuloplasty prosthesis; and an imaging element
disposed within and extending along at least a portion of the sheath that extends between the
first and second ends of the stiffening element, the imaging element being an elongate strip,
having a width and extending in the lateral spacing as the imaging element and the sheath
extend directly between the first and second ends of the stiffening element without being
curved, wherein the elongate strip as comprising the imaging element is greater in width than
the maximum width of the stiffening element so that one extension of the elongate strip along
the sheath is distinguishable from the stiffening element during an imaging process taken from
a direction perpendicular to the arcuate annular shape of the annuloplasty prosthesis, and
further wherein the imaging element is included in a second segment of the prosthesis, and the

second segment is characterized as being more flexible than the first segment.

In another aspect of the present invention, there is provided a use of the

annuloplasty prosthesis as described above for repairing an atrial-ventricular valve.

Brief Description of the Drawings

FIG. 1 1s a top view of an annuloplasty prosthesis in accordance with principles

of the present invention, with portions peeled away;



CA 02654419 2014-02-24

51749-32
- 53 -

FIG. 2A is a cross-sectional view of the annuloplasty prosthesis of FIG. 1

along the lines 2A - 2A;

FIG. 2B is a top view of a stiffening element employed in the annuloplasty

prosthesis of FIG. 1;

o FIG. 2C is a side view of the stiffening element of FIG. 2B in an X, Y plane

and Z direction, illustrating a saddle-shaped curve;

FIG. 3A is a top view of an imaging element employed in the annuloplasty

prosthesis of FIG. 1, along with the stiffening element of FIG. 2B;

FIG. 3B is a cross-sectional view of the annuloplasty prosthesis of FIG. 1 along

10 the lines 3B - 3B;

" FIG. 4A is an end view of the annuloplasty prosthesis of FIG. 1 in a relatively

flattened state;

FIG. 4B is an end view of the annuloplasty prosthesis of FIG. 1 in a flexed

state;

15 FIG. 5A illustrates a mitral valve anatomy; and

FIG. 5B is a top view of the annuloplasty prosthesis of FIG. 1 mounted on the

valve annulus of the mitral valve ot FIG. 5A.

Detailed Description

An annuloplasty prosthesis 20 in accordance with principles of the present
20 invention is illustrated in FIG. 1. The annuloplasty prosthesis 20 is particularly adapted to

repair one of the atrio-ventricular valves, such as the mitral or tricuspid valves. As a point of

reference, the annuloplasty prosthesis 20 illustrated in FI1G. 1
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is configured for mitral valve annulu§ repair, it béing understood that other shapes

may be incorporated for other valve annuius anatomies (e.g., the’ tricuspid valve
annulus). Thus, the present invention is not limited to mitral valve annuloplasty.

The annuloplasty‘ prosthesis 20 generally includes a fabric sheath 22, an

>  arcuate stiffening element 24, and an imaging element 26. Details on the various

components are provided below. In gen__eral terms, hqwcver, the stiffening element

24 and.the imaging element 26 are disposed within the sheath 22, with at Jeast the
~ stiffening element 24 exhibiting sufficient structural rigidity to effectuate desired
valve annulus remodeling. To this end, the stiffening element 24 éxtends between
10 digcrete, first and second ends 28, 30 (the second 30 being referenced generally in
FIG. 1). Although not necessary for practice of the present invention, other J
functional elements can be incorporated between the ends 28, 30. In this regard.
please see United States Patent Appliéation Publication No. 2007/0299513 entitled

ANNULOPLASTY RING AND METHOD. The i lmagmg element 26 extends

15 along a lateral spacing between the

first and second ends 28, 30 and provides a radiographic, echogenic or otherwise
image enhanced imagable body following implant. As a point of reference, the

above-described construction forms the annuloplasty prosthesis 20 to define a first

20  segment 40 and a second segment 42. The first segment 40 corresponds with a
region of the stnffemng clement 24, whereas the second segment 42 corresponds

‘with a region of the i imaging element 26.
The imaging element 26 may be radiopaque, echogenic and/or otherwise
image enhanced so that it may readily be visualized after implantation usmg various
25  existing techniques or any future developed techniques, including x-ray, MRI,
echogram, etc. Any energy technologies that are known or developed that work
similarly may be used. By “radiopaque,” it is meant that the material or element
prevents the passage of radiation. “Radiation” is meant to inclide electromagnetic
energy, light, etc. By “echogenic,” it is- meant that it reflects sound waves. By
30 “image enhancemem," it-is meant that a material is utilized that is dlrectly related to

the ability to more clearly discem the material based upon the type of energy that is

used for imaging purposes.
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In some embodiments, the annuloplasty prosthesis 20 1s akin to the
annuloplasty prostheses described in U.S. Patent No. 6,786,924, although other
configurations are also contemplated. With this in mind, the sheath 22 comprises a
knitted, polyester (e.g., Dacron™) fabric in some embodiments, although woven,
non-woven (e.g., spun-bond, melt-blown, staple fiber matrix, etc.) or braided fabrics
are also acceptable, as well as sheaths formed of harvested biological tissue (e.g.,
pericardial tissue). While the sheath 22 is illustrated as being provided as a single,
continuous body, in other embodiments, the sheath 22 can be formed from two or
more separately-provided sections. For example, a first sheath section can be
employed for the first segment 40, and a second sheath section can be provided for
the second segment 42. Various indicia can be formed on the sheath 22, for example
end markers 44. In some embodiments, a suture marker 46 is applied to an exterior
of the sheath 22 along the second segment 40, for example at an approximate center
thereof, to assist in properly orienting the prosthesis 20 during implant.

The stiffening element 24 is generally arcuate in shape, extending from the
first end 28 to the second end 30. With additional reference to FIG. 2A, 1n some
embodiments the stiffening element 24 or comprises a stiffening wire 50 along with
a protective coating 52 encompassing a portion of a length of the wire 50. For
example, the protective coating 52 can be a biocompatible, biostable, implantable,
medical grade elastomeric material such as elastomeric thermoplastic polymers (e.g.,
polyurethane) or silicone (e.g., liquid silicone rubber (LSR)). Alternatively, the
protective coating 52 can be provided as a tubing of appropriate material placed over
the wire 50. In yet other embodiments, the protective coating 52 can be eliminated.

As alluded to above, the stiffening element 24, and in particular the
stiffening wire 50, is characterized as exhibiting sufficient rigidity‘ for forcing or
remodeling a valve annulus to a desired shape (i.e., conforming with the shape of the
stiffening element 24). With this in mind, in some embodiments the stiffening
element 24 is shaped to match a native or natural shape of a valve annulus to which
the annuloplasty prosthesis 20 is to be applied. Thus, the stiffening element 24 can
be generally shaped to mimic a native natural mitral valve annulus anatomy (i.e.,

generally symmetrical horseshoe-like shape) for mitral valve annulus repair; can be

4
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generally sha’péd to mimic a native natural tricuspid valve annulus anatomy (i.e.,
non-symmetrical offset curve) for tricuspid valve annﬁlus repair; etc. ‘

For exémple, in some embodiments, the stiffening element 24 defines a
compound curve in the X-Y plane (as shown in FIG. 2B) and as described in U.S.
Patent No. 6,786,924. Further, and with additional reference to FIG. 2C, the
stiffening element 24 can be generally saddle-shapéd in the Z direction. In this
regard, 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 24
approximatés the variations in height evidenced or expérienced by the posterior
aspect of a healthy mitral valve annulus in a systolic state or a diastolic state as
described, for example, in Thornasz, A. T, et al., Annular Height-to-Commz'Lssural
Width Ratio of Annulbplasty Rings-fln Vivo, (Circulation, 2005; 112 ([Suppl. I]:I-
423-428).

Alternatively, the stiffening element 24 can be substantially planar in the Z
direction. Regardless, and as best shown in FIG. 2B, a lateral spacing Ls is
established between the discrete ends 28, 30 of the stiffening element 24.

The stiffening element 24 is configured, in some embodiments, to form or
include eyelets 54, 56 at the first and second ends 28, 30, respectively. For example,
where the stiffening element 24 includes the wiré 50, the wire 50 can be- bent back
onto itself at the opposing ends 28, 30 to form the eyelets 54, 56. In other
embodiments, the eyelets 54, 56 can be eliminated.

Regardless of the exact shape defined by the stiffening element 24, in some

embodiments, the stiffening element 24 can be provided with a radiopaque and/or

echogenic characteristic so that it may be readily visualized after implantation. For

example, the wilfe 50 can be formed of a radiopaque metal, and in particular, a

~ biocompatible metal, such as an MP35N alloy, Elgiloym Co-Cr-Ni alloyl wire (from

American Gauge & Machine Company, Elgin, IL), Haynes™ alloy (Haynes
International, Inc., of Kokomo, INj, titanium, stainless steel, shape memory material
such as Nitinol™, etc.. For example, suitable wire for the stiffening element wire 50
is the wrought cobalt-35, nickel-20, chromium-10, molybdenum alloy identified as
“MP35N”, available from Carpenter Technology Corp., of Wyoniissing, PA,

although other materials are also acceptable. In other embodiments, the stiffening
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element 24 can comprise a molded polymeric element. In this alternative
embodiment, the molded polymeric element preferably includes a radiopaque filler,
such as; but not limited to, barium sulfate. With this approach, the eyelets 54, 56
can be integrally molded with a remainder of the stiftening element 24.

Returning to FIG. 1, the imaging element 26 is illustrated as disposed within
the sheath 22 and extends along or between the lateral spacing Ls (FIG. 2B)
established between the first and second ends 28, 30 of the stiffening element 24.
For example, and with additional reference to FIG. 3A that otherwise illustrates the
stiffening element 24 and the imaging element 26 apart from the sheath 22, the
imaging element 26 is an elongated body having a length Lg that approximates a
length of the lateral spacing Ls between the first and second ends 28, 30 (when the
stiffening element 24 is otherwise in a natural state). In this regard, the imaging
element 26 defines a first end 60 and a second end 62. With these conventions In
mind, in some embodiments, the length Lr of the imaging element 26 is slightly less
than the lateral spacing Ls between the first and second ends 28, 30 of the stiffening
element 24 such that upon final assembly, a slight gap exists between the first end
60 of the imaging element 26 and the first end 28 of the stiffening element 24;
similarly, a slight gap exists between the second end 62 of the imaging element 26
and the second end 30 of the stiffening element 24. Alternatively, the imaging
element 26 can be secured to one or both of the first and second ends 60, 62 of the
stiffening element 24. Conversely, the imaging element 26 can have é length Lg
shorter than that depicted in F1G. 3A, but preferably has a length Ly that 1s at least
50% of a length of the lateral spacing Ls.

The benefit of extending the imaging element 26 between the ends 28, 30 1s
that the image of an anterior aspect of an annulus is complete. However, less of the
length between the ends 28, 30 is still effective to show at least a portion of the
anterigr aspect.

There is no need for the imaging element 26 to be strip-like. The imaging
element 26 can be varied side to side or end to end. Alternatively it can be an
element of any shape suspended or operatively positioned between the ends 28, 30

or attached to one of the ends 28, 30.
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In addition to the length characteristics described above, In some
embodiments, the imaging element 26 has a width approximating, preferably greater
than, a diameter of the stiffening element wire 50. As described in greater detail
below, this one embodiment enhances radiographic visualization of the annuloplasty
prosthesis 20 as a whole. Alternatively, however, the imaging element 26 can have
other widths that are less than that of the stiffening element wire 50.

In addition to the above-described width attributes, in some embodiments the
imaging element 26 is thin relative to the thickness of the stiffening element wire 50
so as to not overtly affect a desired low profile attribute of the annuloplasty
prosthesis 20. The imaging element 26 can be much less thick since an image is
typically done in two dimensions from a substantially perpendicular direction. For
example, and with reference to FIG. 3B, in some embodiments the imaging element
26 has a thickness T of not more than 0.8 mm, more preferably not more than about -
0.6 mm. With this construction, and in connection with the one embodiment of the
sheath 22 shown in FIG. 3B in which the sheath 22 is folded upon itself to capture
the imaging element 26, the second segment 42 (best shown in FIG. 1) of the
annuloplasty prosthesis 20 has a low profile attribute characterized by a maximum
cross-sectional thickness of no greater than about 3 mm, more preferably no greater
than about 2.7 mm, even more preferably no greater than about 2.5 mm. While
other thicknesses are also acceptable (e.g., greater than 3 mm), this low profile
attribute of the second segment 42 is commensurate with a low profile coﬁﬁguration
of the first segment 40 (FIG. 1), best characterized with reference to FIG. 2A 1n
which a maximum cross-sectional thickness of the annuloplasty prosthesis 20 along
the first region 40 is not greater than about 3 mm, more preferably no greater than
about 2.7 mm, even more preferably no greater than about 2.5 mm. Once again,
however, other dimensions are also envisioned.

In some embodiments, the imaging element 26 has a flexible construction,
for example characterized as being more flexible than the stiffening element 24, and
in particular the stiffening element wire 50. With this configuration, the imaging
element 26, and thus the second segment 42 of the annuloplasty prosthesis 20 (FIG.
1), can readily “move” with movement of the valve annulus to which the second

segment 42 is applied. For example, where the annuloplasty prosthesis 20 is
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configured for use in repairing a mitral valve annulus, the second segment 42 1s
applied to the anterior aspect of the mitral valve annulus. With this in mind, the
imaging element 26, and thus the corresponding segment 42 of the annuloplasty
prosthesis 20, will readily move or “flex” with normal movement of the anterior
aspect of the mitral valve annulus. Alternatively, however, the imaging element 26
can have a more rigid construction and/or the second segment 42 of the annuloplasty
prosthesis 20 can include additional components that otherwise serve to restrict
flexation or movement of the corresponding segment 42 of the annuloplasty
prosthesis 20.

The imaging element 26 can be formed of a variety of shapes and materials
selected to satisfy the desired size and flexibility attributes described above, as well
as exhibiting a desired radiopaque, echogenic and/or otherwise imaging enhancing
characteristic (e.g., permits radiographic visualization of the imaging element 26 via
known and future-developed techniques such as x-ray photographs, CAT scans,
etc.). In one embodiment, the imaging element 26 is a barium sulfate-impregnated
silicone strip. An appropriate barium sulfate-impregnated silicone strip can be
formed by molding a mixture of barium sulfate and silicone medical adhesive to a
desired shape and size. Other manufacturing techniques are equally acceptable.
Even further, the material(s) selected for the imaging element 26 can assume a wide
variety of other forms.

Flexibility of the imaging element 26 in accordance with some embodiments
of the present invention is illustrated by a comparison of FIGS. 4A and 4B. In
particular, FIG. 4A schematically illustrates an end view of the annuloplasty
prosthesis 20, and in particular the second segment 42, in a natural or undeflected
state. As shown, the second segment 42, and thus the imaging element 26
(referenced generally), is substantially flat (i.e., little or no variation in height or Z
direction). As a point of reference, in other alternative embodiments, the
annuloplasty prosthesis 20 can include one or more additional bodies within the
sheath 22 along the second segment 42 that otherwise serve to impart a curvature in
the Z direction in the natural state of the annuloplasty prosthesis 20. Further, the
first region 40 (generally hidden in FIG. 4A, but seen in FIG. 4B) can also include or

define a saddle shape (e.g., a curvature in the Z direction) as previously described.
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Regardless, the imaging element 26 exhibits sufficient flexibility to permit the
second segment 42 to transition, move, or “flex” to the flexed state of FIG. 4B. For
example, following implant and as described in greater detail below, the second
segment 42 will be subjected to various forces as the valve annulus to which the
annuloplasty prosthesis 20 is applied transitions in shape through systole and
diastole. In connection with this movement, then, the imaging element 26, and thus
the second segment 42, readily assumes the flexed orientation of FIG. 4B.

The annuloplasty prosthesis 20 can be employed in the repair of various
heart valves, particularly the atrio-ventricular valves. To this end, various
instruments can be provided to assist in implanting the annuloplasty prosthesis 20,
such as a holder, a sizer assembly, etc. In some embodiments, the annuloplasty
prosthesis 20 is implanted to a mitral valve 70 the anatomy of which is shown in
FIG. SA. The mitral valve 70 includes a valve annulus 72, an antero-lateral trigone
74, a posterior leaflet 76, a postero-medial trigone 78, an inferior commissure 80,
and a superior commissure 82. With these anatomical features in mind, the valve
annulus 72 can be described as defining or being defined by a posterior aspect 84
and an anterior aspect 86.

Implantation of the annuloplasty prosthesis 20 to the mitral valve annulus 72
is shown in FIG. 5B. Implanting sutures 90 are used to connect the annuloplasty
prosthesis 20 to the valve annulus 72. In accordance with some embodiments in
which the stiffening element 24 (FIG. 1) forms the eyelets 54, 56 (referenced
generally), one or more of the implanting suture(s) 90 are passed through the eyelet

54 and sewn to the antero-lateral trigone 74, whereas the implanting suture(s) 90

associated with the eyelet 56 are sewn to the postero-medial trigone 78. Regardless,
the first segment 40 of the annuloplasty prosthesis 20 is applied to the posterior
aspect 84 of the valve annulus 72, whereas the second segment 42 is applied to the
anterior aspect 86. As previously described, the first segment 40, and in particular
the stiffening element 24, serves to, in some embodiments, remodel the posterior
aspect 84 to a desired shape. Conversely, the second segment 42 exhibits sufficient
flexibility so as to permit natural movement of the anterior aspect 86. That is to say,
the imaging element 26 (FIG. 1) does not impede natural movement of the anterior

aspect 86 of the valve annulus 72.
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Following implantation, radiographic, echogenic and/or image enhancing
image(s) of the annuloplasty prosthesis 20, for examples, can be generated via
various non-invasive techniques, with these images being used to evaluate a status of
the valve 70, and in particular the valve annulus 72. For example, the radiographic
image(s) of the annuloplasty prosthesis 20 will include an image of the imaging
element 26 (FIG. 1) as otherwise connected to the anterior aspect 86 of the valve
annulus 72. Because the imaging element 26 extends along at least a majority of the
anterior aspect 86, the radiopaque, echogenic and/or image enhanced image(s) will
reflect or illustrate a flexibility of the interior aspect 86 (e.g., when the valve 70 1s at
an end systole state, an end diastole state, etc.). Further, where the stiffening
element 24 (FIG. 1) includes a radiopaque, echogenic and/or otherwise image
enhanced component, the resultant radiographic, echogenic and/or other image
enhanced image(s) will include a representation of a virtual entirety of the
annuloplasty prosthesis 20 and thus of the valve annulus 72 to which the prosthesis
20 is mounted. Under these circumstances, then, the valve evaluation facilitated by
the radiographic, echogenic and/or otherwise image enhanced image(s) can include a
calculation of the orifice area established by the valve annulus 72 in various states.
In yet other embodiments, the radiographic , echogenic and/or otherwise image
enhanced image(s) will provide a clear indication that the implanted annuloplasty
prosthesis 20 is akin to an annuloplasty ring (as opposed to an annuloplasty band)
due to the clear presence of the imaging element 26 in the generated image(s).

The annuloplasty prosthesis in accordance with aspects of the present
invention provides a marked improvement over previous designs. Inclusion of an
imaging element along a substantive segment or region of the annuloplasty
prosthesis facilitates obtaining of important anatomical information associated with
the valve annulus being repaired via non-invasive, radiographic visualization
techniques. Further, the imaging element promotes, in some embodiments, desired
flexibility of the annuloplasty prosthesis along a desired region or segment of the

prosthesis.
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Although the present invention has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes can be

made in form and detail without departing from the scope of the claims.
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CLAIMS:
1. An annuloplasty prosthesis for repairing an atrial-ventricular valve having a

valve annulus, the prosthesis comprising:
a sheath;

an arcuate stiffening element within the sheath, the stiffening element being
elongate, having a maximum width and extending between discrete first and second ends that
are turned back toward one another and that are separated by a lateral spacing, wherein the
stiffening element is included in a first segment of the prosthesis that defines a majority of an

arcuate annular shape of the annuloplasty prosthesis; and

an imaging element disposed within and extending along at least a portion of
the sheath that extends between the first and second ends of the stiffening element, the
imaging element being an elongate strip, having a width and extending in the lateral spacing
as the imaging element and the sheath extend directly between the first and second ends of the
stiffening element without being curved, wherein the elongate strip as comprising the imaging
element is greater in width than the maximum width of the stiffening element so that one
extension of the elongate strip along the sheath is distinguishable from the stiffening element
during an imaging process taken from a direction perpendicular to the arcuate annular shape
of the annuloplasty prosthesis, and further wherein the imaging element is included in a

second segment of the prosthesis, and the second segment is characterized as being more

flexible than the first segment.

2. The annuloplasty prosthesis of claim 1, wherein the imaging element 1s a

barium sulfate-impregnated strip.

3. The annuloplasty prosthesis of claim 1, wherein the imaging element 1s

characterized as being more flexible than the stiffening element.
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4 The annuloplasty prosthesis of claim 1, wherein the imaging element has a

length that is at least 50% of a length defined by the lateral spacing.

. The annuloplasty prosthesis of claim 1, wherein a first end of the imaging
element 1s adjacent to, but spaced from, the first end of the stiffening element, and a second

end of the imaging element 1s adjacent to, but spaced from, the second end of the stiffening

element.

6. The annuloplasty prosthesis of claim 1, wherein the imaging element is
rectangular.

7. The annuloplasty prosthesis of claim 1, wherein the stiffening element is

circular in cross-section and the width of the imaging element 1s greater than a diameter of the

stiffening element.

8. The annuloplasty prosthesis of claim 1, wherein the stiffening element includes
a metal wire such that following implantation to the valve annulus, the stiffening element
facilitates at least one of radiographic, echogenic and image enhancing imaging of the first
segment of the prosthesis and the imaging element facilitates at least one of radiographic,

echogenic and image enhanced imaging of the second segment of the annuloplasty prosthesis.

9. The annuloplasty prosthesis of claim 8, wherein the first segment corresponds
to a posterior aspect of a mitral valve annulus, and the second segment corresponds to an

anterior aspect of the mitral valve annulus.
10. The annuloplasty prosthesis of claim 1, further comprising:

suture indicia formed on an exterior of the sheath in a segment of the

annuloplasty prosthesis corresponding with the imaging element.

11. A use of the annuloplasty prosthesis of any one of claims 1 to 10 for repairing

an atrial-ventricular valve.
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