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ADJUSTABLE PROSTHETIC ANATOMICAL DEVICE HOLDER AND
HANDLE FOR THE IMPLANTATION OF AN ANNULOPLASTY RING

[0001] The present application claims the benefit
of the filing date of U.S. Provisional Patent Application
No. 61/438,129 filed January 31, 2011, the entire disclosure
of which is hereby incorporated herein by —reference.
BACKGROUND OF THE INVENTION

[0002] The present disclosure generally relates to
surgical devices for wuse 1in cardiac surgery, and more
specifically to prosthetic anatomical devices for facilitating
the implantation of an annuloplasty ring, e.g., a mitral valve
ring, for the correction of a heart wvalve disorder, e.g.,
mitral insufficiency.

[0003] The mitral valve is a dual-flap valve in the
heart that lies Dbetween the left atrium and the 1left
ventricle. In a normally functioning heart, oxygenated blood
passes from the left atrium through the opened mitral valve
and into the left wventricle when the left ventricle in a
relaxed state. In some individuals, the mitral valve does not
function normally.

[0004] Mitral insufficiency, which is also known as
mitral regurgitation, is a common cardiac abnormality in which
the mitral valve does not close properly. With mitral
insufficiency, the mitral wvalve does not fully close and some
blood leaks back into the left atrium when the left wventricle
contracts. The extra volume of blood that the heart must pump
to compensate for the regurgitated blood creates undue strain
on the left ventricle. The undue strain on the left ventricle
may eventually wear out the heart and lead to death.

[0005] Mitral wvalve annuloplasty is an approach for
treating mitral insufficiency by reconstructing the mitral
valve. In a mitral wvalve annuloplasty, the leaflets of the
mitral valve annulus are reconstructed to reestablish the size

and shape of the normal mitral valve annulus. Such an
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'annuloplasty most commonly incdrporates the use of a mitral
annuloplasty ring that is implanted on the mitral valve
annulus.

[0006] Examples of an adjustable annuloplasty ring
are disclosed in United States Patent Application Publication
No. 2011/0066231, the entire disclosure of which is
incorporated herein by reference. The disclosed annuloplasty
ring includes an adjustment ‘assembly for expanding or
contracting the size of the opening formed by the ring. A
suitable tool is also disclosed to engage the adjustment
assembly to enable adjustment of the annuloplasty ring in situ
once implanted into a patient.

[0007] Various annuloplasty ring holders have been
devised to assist in handling and implanting annuloplasty
rings, e.g., mitral valve rings. However, a continuing need
exists for holders and other surgical devices to facilitate
handling and implanting annuloplasty rings, e.g., mitral valve
rings.

BRIEF SUMMARY OF THE INVENTION

[0008] ' The present disclosure is generally related
to an adjustable prosthetic anatomical system and devices to
enable the in situ adjustment of an annuloplasty ring or other
prosthetic anatomical device after being implanted into a
patient. In an embodiment, the adjustable prosthetic
anatomical system includes an adjustable annuloplasty ring,
e.g., an adjustable mitral ring. The adjustable annuloplasty
ring includes an anterior region and a posterior region. The
ring is transitionable between a first diameter and a second
diameter, as well as intermediate diameters between the first
and second diameters. The adjustable prosthetic anatomical
system also includes a holder, which is operably attachable to
the adjustable annuloplasty ring and can adjust in situ to a

sultable length corresponding to the diameter of the ring.
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[0009] ‘ The holder iﬁcludes a first, or posterior
member and a second or anterior member. The first member is
operably attachable to the posterior region of the ring. The
second member is operably attachable to the anterior region of
the ring. In an embodiment, suture may be used to secure each
of the first and second members to respective regions of the
annuloplasty ring. In an embodiment, the first and second
members are slideably movable relative to one another in
telescopic relationship along one axis of +the holder,
proximally or distally, along a common plane. The first
and/or second members may be formed from a transparent or
substantially clear material, e.g., a transparent plastic or
polymer (e.g., polysulfone) to facilitate a substantially
unobstructed view of the patient’s wvalve (not shown) through
the holder.

[0010] In an embodiment, the adjustable prosthetic
anatomical system may include an adjustment tool including an
elongated shaft that is operably engagable with the ring to
effect transitioning of the ring between the first and second
diameters. The holder may include a neck member that extends
from the first member. The neck member may include a channel
for the reception of the elongated shaft of the adjustment
tool. The channel may define a U-shape. The holder may be
detachable from the ring while the adjustment tool is operably
engaged with the ring. In an embodiment, the neck member of
the holder includes a U-shaped channel for the reception of
the adjustment tool and another channel for the reception of a
positioning tool. Suture may be placed around the neck to
secure tools, e.g., the elongated shaft of the adjustment
tool, within the U-shaped channel to inhibit separation. Such
suture may be cut after completing the procedure if and when
removal of the holder and/or placement tool is needed.

[0011] The first and second members of the holder

may be selectively attached or detached from one another. In
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an embodiment,( the first member defines an élongated slot
along a longitudinal axis. The second member may include a
pair of generally opposing tabs. The tabs may be capable of
small deflections such that the tabs may be moved closer
together from a first distance to a second distance, the first
distance being greater than the second distance. The tabs may
be resiliently biased toward the first distance to secure the
first and second members together while permitting the first
and second members to slide relative to one another along a
common plane, thereby adjusting the overall length of the
holder. The first and second members may be coupled together
by a length of suture, thereby inhibiting loss of one of the
first and second members in the event of separation of the
first and second members.

[0012] In an embodiment, a holder may include a
first member having a longitudinally extending channel and a
second member having a longitudinally extending bar in which
the bar is translatable through the channel to effect
transitioning of the overall length of the holder between a
first and second length, as well as intermediate lengths
between the first and second lengths. A length of suture may
secure the first and second members together, thereby
inhibiting loss of one of the first and second members during
a procedure in the event that the first and second members are
no longer in slidable connection with respect to one another.
The length of suture may be placed on the underside of the
holder to inhibit confusion between the length of suture and
the attachment suture securing the holder to the ring.

[0013] In an embodiment, the first member may
include a plurality of generally opposing tabs which create a
longitudinally extending channel and a second member may have
a longitudinally extending bar with a protrusion. The tabs
may be capable of small deflections such that the tabs may be

moved further apart from a first distance to a second
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distance, the lsecond distance/ being greater fhan the first
distance, for example when the region of the second member bar
with the protrusion is passed between the opposing tabs of the
first member. The bar is translatable through the channel to
effect transitioning of the overall Ilength of the holder
between a first and second length, as well as intermediate
lengths between the first and second lengths. The opposing
tabs may be resiliently biased toward the first distance to
inhibit separation of the first and second members after they
have been coupled.

[0014] During use of the aforesaid embodiments,
each of the first and second members of the holder is secured
to the annuloplasty ring, e.g., mitral valve ring, by one or
more lengths of attachment suture. One or both of the first
and second members may include one or more cutting blocks to
indicate cutting location and facilitate cutting of the
attachment suture to release the holder from the ring. The
cutting blocks may be axially aligned to facilitate cutting of
multiple attachment sutures by a single stroke of a scalpel.
In an embodiment, the attachment suture is retained, i.e.,
remains attached to the first and second members after it is
cut or severed.

[0015] In an embodiment, the first member of the
holder includes a neck member. The neck member may extend
from one end of the first member and may facilitate handling
of the holder. The neck member may include a channel
configured and adapted for the reception of an adjustment
tool, which is configured and adapted to effect transitioning
of the ring between the first and secoﬁd diameters, as well as
intermediate diameters between the first and second diameters.
In an embodiment, the neck member may include a channel that
is adapted and configured to receive an elongated shaft or rod
of a positioning tool. The elongated shaft or rod of the

positioning tool may be formed from a malleable or bendable
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material to facilitate desired orientation and placement of
the holder and the ring.

[0016] In an embodiment, a positioning tool
includes an elongated shaft that is operably coupled or
integrally formed with the distal end of a gripping section of
a handle. The elongated shaft of the positioning tool may be
integrally formed with a posterior or first member of a holder
or may be operably attachable to a channel defined within a
neck member of the first member. The gripping section of the
handle may define a groove in which an elongated shaft of an
adjustment tool may be placed to facilitate access to and
engagement with an adjustment mechanism such as a gear of the
adjustable ring held by the ring holder. The elongated shaft
of the adjustment tool may be rotatable within the groove,
while other movement of the elongated shaft that might result
in separation of the elongated shaft of the‘adjustment tool is
inhibited. Suture may operably couple the elongated shaft of
the adjustment tool to the handle.

[0017] The holders and handles described herein may
be used for a single use, i.e., disposed of, after use.

[0018] In accordance with one embodiment of the
invention, there 1is disclosed an adjustable prosthetic
anatomical system comprising an adjustable - prosthetic
anatomical device including an anterior region and a posterior
region, the device transitionable between a first diameter and
a second diameter; and a holder comprising: a first member
operably attachable to the posterior region of the device; and
a second member operably attachable to the anterior region of
the device, wherein the first member and the second member are
operably engagable with one another to move relative to one to
accommodate adjustment of the device between the first and
second diameters. |

[0019] In accordance with another embodiment of the

invention, there is disclosed an adjustable prosthetic
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anatomical de&ice holder comﬁrising a first member operably/
attachable to a posterior region of an adjustable prosthetic
anatomical device; and a second member operably attachable to
an anterior region of the device, wherein the first member and
the second member are engagable with one another to move
relative to one another to accommodate adjustment of the
device between a first and second diameter. ‘
[0020] These and other features of the present
disclosure will be more fully described with reference to the
appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] By way of description only, embodiments of
the present disclosure will be described herein with reference
to the accompanying drawings, in which:

[0022] Fig. 1 is a perspective view of an
annuloplasty ring holder in accordance with an embodiment of
the present disclosure shown with parts separated;

[0023] Fig. 2A 1s a perspective view of the
annuloplasty ring holder of Fig. 1 shown relative to an
adjustable annuloplasty ring;

[0024] Fig. 2B is a top view of the annuloplasty
ring holder of Fig. 1 shown secured to the adjustable
annuloplasty ring of Fig. 2A4;

[0025] Fig. 3A is a top perspective view of another
annuloplasty ring holder in accordance with another embodiment
of the present disclosure shown operatively coupled to an
adjustable annuloplasty ring;

[0026] Fig. 3B is a bottom perspective view of the
annuloplasty ring holder of Fig. 3A;

[0027] Fig. 4A is a perspective view of another
annuloplasty ring holder in accordance with another embodiment

of the present disclosure;
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[0028] / Fig. 4B ié a perspectivé view of the'
annuloplasty ring holder of Fig. 47A  shown with parts
separated; '

[0029] Fig. 5 is a perspective view of a handle in
accordancé with an embodiment of the present disclosure shown
operably coupled to an annuloplasty ring holder and including
a channel for the reception of the elongated shaft of the
adjustment tool;

[0030] Fig. H5A is an enlarged view of the indicated
area of Fig. 5;

[0031] Fig. 6 1s a perspective view of another
embodiment of a handle in accordance with an embodiment of the
present disclosure;

[0032] Fig. 7 1is a perspective view of a handle
assembly in accordance with another embodiment of the present
disclosure and shown relative to a first member of the holder
of Fig. 10;

[0033] Fig. 8 is a perspective view of a locking
member in accordance with an embodiment of the present
disclosure shown in use;

[0034] Fig. 8A is a cross-sectional view of the
locking member of Fig. 8;

[0035] Fig. 9A is a top -view of another
annuloplasty ring holder in accordance with another embodiment
of the present invention;

[0036] Fig. 9B is a perspective view of a component
of the annuloplasty ring holder shown in Fig. 9A;

[0037] Fig. 9C is a cross sectional view of the
annuloplasty ring holder of Fig. 9A; and

[0038] Fig. 10 1is a perspective view of another
annuloplasty ring holder in accordance with another embodiment

of the present invention.
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DETAILED DESClRI PTION

[0039] Particular embodiments of the present
disclosure will be described with reference to the
accompanying drawings. In the figures and in the description
that follow, in which like reference numerals identify similar
or identical elements; the term “proximal” will refer to the
end of the device that is closest to the operator during use,
while the term “distal” will refer to the end of the device
that 1is farthest from the operator during use, the term
“posterior” will refer to a first region of the device, while
the term “anterior” will refer to a second region of the
device. The term “diameter” will refer generally to the size,
shape, and/or opening of the adjustable prosthetic anatomical
device, e.g., adjustable annuloplasty ring, which is adjusted
in accordance with the invention as to be described.

[0040] Adjustable annuloplasty rings enable
resizing of the ring during the surgical repair. Examples of
an adjustable annuloplasty ring are disclosed in the aforesaid
U.S. Pat. App. Pub. No. 2011/0066231. Disclosed herein are
embodiments of annuloplasty ring holders and handles that
facilitate handling of differently sized annuloplasty rings
and adjustable annuloplasty rings including adjustable mitral
valve rings.

[004lj An embodiment of an annuloplasty ring holder
will now be described with reference to Figs. 1-2B. An
annuloplasty ring holder 100 may be used for holding any
suitable prosthetic anatomical device such as an annuloplasty
ring, e.g., a mitral ring, to facilitate placement of the
annuloplasty ring during a surgical valve repair procedure,
e.g., a mitral valve annuloplasty. As.shown best in Fig. 2B,
the annuloplasty ring holder 100 is operably attachable to an
adjustable annuloplasty ring 50. The annuloplasty ring holder
100 has an overall wvariable length L (Fig. 2B) that 1is
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adjustable to generally corréspond with the variable diametef
D of the ring 50.

[0042] The annuloplasty ring holder 100 includes
first or posterior member 120 and second or anterior member
140 that are movable relative to one another along a common
plane in one axial direction to adjust the overall length L of
the annuloplasty ring holder 100 in a general telescopic
manner. The first member 120 and the second member 140 are
secured to the corresponding regions of ring 50 so that the
overall length L of the annuloplasty ring holder 100 1is
capable of changing as the diameter D of the ring 50 changes
(Figs. 2A-2B). The annuloplasty ring 50 defines a diameter D,
which is adjustable, i.e., reduced or expanded, by actuating
an adjustment mechanism such as a gear 52, e.g., by rotating a
shaft operably coupled to the gear 52.

[0043] The first member 120 and the second member
140 are releasably attachable or securable to one another to
facilitate sliding movement of the first member 120 with
respect to the second member 140 along a generally common
plane such as defined between facing surfaces 4a,4b while
inhibiting separation of the first member 120 and the second
member 140. One of the first and second members 120, 140
includes one or more projecting tabs 14a, 14b that are
releasably securable within a longitudinally extending slot 12

defined in the other one of the first and second members 120,

.140, thereby permitting axial movement of the first and second

members 120, 140 with respect to one another while inhibiting
other movement of the first and second members 120, 140 with
respect to one another. The first and second members 120, 140
may be formed from any suitable material including a
transparent material, e.g., a transparent plastic or polymer,
to facilitate a substantially unobstructed view of the

patient’s valve (not shown) through the holder 100.

-10-
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[0044] ( As shown in Figs. 1-2B, fhe second membef
140 includes tab members 14a, 14b that function as a locking
mechanism flexing until passed through a longitudinally
extending slot 12 defined within the first member 120. The
tab members 14a, 14b engage the slot 12 in a snap-fit
relationship and lips of the tab members 14a, 14b interact
with a surface of the first member 120 to inhibit separation
of the first and second members 120, 140.

[0045] The tab members 14a, 14b are capable of
small deflections relative to one another and are biased
toward an expanded state. Placement or removal of the tabs
l4a, 14b from the slot 12 is facilitated by compressing the
tabs 1l4a, 14b together thereby decreasing the distance between
the tabs 14a, 14b and permitting the tabs 1l4a, 14b to be
inserted into or removed from the slot 12. In the expanded,
un-biased state, the tabs 1l4a, 14b are configured and adapted
to engage a surface of the first member 120, the interaction
of the tabs 14a, 14b with the surface of the first member 120
inhibits separation of the first and second members 120, 140.
[0046] When the tab members 14a, 14b are secured
within the elongated slot 12, for example, a snap-fit, the
first member 120 and the second member 140 are slidable
relative to one another along the longitudinal axis defined by
the elongated slot 12, but separation of the first member 120
and the second member 140 apart from one another is inhibited.
After the first and second members 120, 140 are operatively
coupled, sliding of the first member 120 with respect to the
second member 140 along longitudinal axis x of the holder 100
effects a change in the length L of the holder 100 as desired
to fit the holder 100 to the ring 50 and to accommodate size
adjustment of the ring.

[0047] The first and second members 120, 140 may
move relative to one another to adjust the overall length L of

the holder 100 before or after attachment to the ring 50.

-11-
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Since the oﬁerall length L 6f the holder 100 and the diametér
D of the ring 50 are adjustable, both the overall length L of
the holder 100 and the diameter 50 may be adjusted while the
holder 100 remains attached to the ring 50.

[0048] Securing the holder 100 to the ring 50 will

now be described with reference to Figs. 2A-2B. The first

-member 120 is placed at the posterior region P of the ring 50,

and the second member 140 is placed at the anterior region A
of the ring 50. The first member 120 includes one more
apertures 13a, 13b that are each configured and adapted to
receive attachment suture S therethrough around the ring 50 to
secure the ring 50 to the first member 120. The second member
140 includes one or more apertures l1lla-d through which
attachment suture S may be placed to secure the second member
140 to the ring 50. As shown in Figs. 2A-2B, a cutting block
18 runs between apertures 1lla, 1l1b and apertures 1llc, 11d such
that the suture S may be cut with a single motion of a scalpel
(not shown) to release the second member 140 from the ring 50.
It is contemplated that the first member 120 may include one
or more cut Dblocks (not shown) substantially similar to
cutting block 18 to facilitate indicating a suitable pre-
determined location to cut the attachment suture S. To reduce
the number of actions required to cut the attachment sutures
S, the cutting block(s) may define a single channel or may be
axially aligned, i.e., a single motion of a scalpel (not
shown) to cut multiple attachment sutures S. In an
embodiment, after cutting the attachment suture S, the
attachment suture remains attached to the first or second
member 120, 140, respectively, to facilitate removal of the
attachment suture S from the surgical site.

[0049] Because the tabs 14a, 14b ‘“snap-fit” the
second member 140 to the first member 120, the first member
120 and the second member 140 are inhibited from separating

during the procedure including after the attachment suture S

-12-
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is cut from one or both of the first and sécond members 126,
140, respectively. This locking mechanism facilitates the
removal of the assembled holder 100, including both the first
and second members 120, 140, after placement of the ring 50.
Removal of first and second members 120, 140, respectively, is
facilitating by having the first and second members 120, 140,
respectively, coupled to each other in some fashion. For
example, a single instrument (not shown) may grasp the
assembled holder 120, 140 without having to grasp the first
and second members 120, 140 separately. In addition, because
the first and second members 120, 140 are each smaller in size
than the diameter D of the ring 50, coupling of the first and
second members 120; 140 inhibits the potential of one of the
first and second members 120, 140 falling through the center
of the ring 50 once the attachment suture S is cut or
otherwise separated from the ring 50.

[0050] As shown in Figs. 1-2B, the first member 120
includes an upstanding neck member 10 that extends proximally
from the posterior region P of the first member 120. The neck
member 10 may be integral with the first member 120. The neck
member 10 may be grasped by the surgeon to facilitate handling
and manipulation of the first member 120. The neck member 10
may function as a handle giving the surgeon or surgical
assistant a place to grip the holder 100 to hold the ring 50
in a given position as implant sutures (not shown) are placed
into the ring 50 to secure the ring 50 to the target location
(not shown). The neck member 10 may be short to allow for a
minimally invasive surgical procedure, or relatively long as
might be used in an open sternotomy procedure.

[0051] The neck member 10 may include a channel 17
for the reception of an adjustment tool including an elongated
shaft (not shown) that 1is configured and adapted to be
operably coupled such as to the gear 52 of ring 50 to effect
adjusting the diameter D of the ring 50. The neck member 10

_13_
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may be genefally U-shaped sﬁch that the chaﬁnel defined by the
neck member 10 defines a partially open perimeter. The U-
shaped configuration of the neck member 10 facilitates
detachment of the holder 100 from the ring 50 while the
adjustment tool (not shown) remains operably coupled to the
ring 50. In an embodiment, the adjustment tool (not shown)
may be secured to the neck member 10 with suture to facilitate
stabilization of the adjustment tool with respect to the neck
member 10. In this regard, the neck 10 may also be provided
with one or more cutting blocks (not shown) to indicate where
to cut the suture prior to removal of the adjustment tool.

[0052] Once the ring 50 is in the desired target
location, the ring 50 may be sutured to the patient’s tissue
(not shown) to secure the ring 50 thereto. The holder 100 may
also be modified to incorporate a positioning tool as to be
described generally with reference to Fig. 5. By having the
first and second members 120, 140 of the holder 100 disposed
within the diameter D of the =ring 50, access to the
circumference of the ring 50 is facilitated thereby providing
greater suture access, i.e., space available for the surgeon
to place implant sutures. In addition, as shown best in Fig.
2A, the first and second members 120, 140 of the holder 100
sit atop the upper or proximal surface of the ring 50, thereby
inhibiting the potential of one of the first and/or second
members 120, 140 falling through the ring 50 into the
patient’s wvalve (not shown) during removal of the holder 100
from the ring 50 subsequent to implantation of the ring 50.
The diameter D, i.e., the anterior-posterior dimension, of the
ring 50 is adjustable in situ subsequent to implantation of
the ring 50, as well as subsequent to the removal of the
holder 100 from the surgical site. The adjustment of the ring
50 may occur either while the patient’s heart is on
cardiopulmonary bypass (CPB) and/or following removal of the

CPB support, i.e., on a beating heart.

-14-
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[0053] ’ Another eﬁbodiment of a ring holder will ﬁow
be described with respect to Figs. 3A and 3B. As shown in
Fig. 3A, an annuloplasty ring holder 200 that is configured
and adapted to be secured to any suitable annuloplasty ring,
e.g., annuloplasty ring 50. The annuloplasty ring holder 200
includes a posterior or first member 220 and an anterior or
second member 240 that are movable relative to one another
along a common plane to adjust the longitudinal dimension or
length of the holder 200 from the antefior region A to the
posterior region P of the holder 200. The first and second

members 220, 240, respectively, are positioned to rest upon an

~upper portion of the ring 50. By placing the first and second

members 220, 240 of the holder 200 atop the ring 50, falling
of the first and second members 220, 240 through the ring 50
is inhibited during removal of the holder 200 from the
surgical site after implantation of the ring 50.

[0054] The first member 220 includes a channel 232
configured and adapted to receive a bar 230 of the second
member 240 to facilitate sliding of the bar 230 relative to
the first member and the adjustment of the overall length of
the holder 200 as measured from the anterior region A to the
posterior region P of the holder 200. The channel 232 may
include a section 234 that engages a posterior region P of the
bar 230 to limit the range within which the first and second
members 220, 240 may axially translate with respect to one
another. The channel 232 may be defined as a groove within
which the sides of the Dbar 230 is positioned thereby
inhibiting separation of the bar 230 from the channel 232,
while permitting relative sliding movement.

[0055] The first member 220 is securable to the
posterior region ‘P of the ring 50, and the second member 240
is securable to the anterior region A of the ring 50.
Securing of the first member 220 to the ring 50 is achievable

by placing attachment suture through the apertures 213 defined
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within the/first member 220 and around thelring 50. Securing
of the second member 240 is achievable by placing attachment
suture through the apertures 211 defined within the second
member 240 and around ring 50. The second member 240 includes
cutting blocks 218 that each includes a channel 2189. The
channel 219 of each cutting block 218 is in-line such that a
single stroke of a scalpel (not shown) may cut both attachment
sutures securing the second member 240 to the anterior region
A of the ring 50. In further embodiments, the first member
220 may include cutting blocks 209 to facilitate indication of
the approximate location of the attachment suture. By
indicating where to cut the attachment suture, the cutting
blocks inhibit the possibility of inadvertently cutting suture
that is utilized for purposes other than securing the holder
200 to the ring 50 and facilitate the attachment suture
remaining attached to the first member 220 or the second
member 240 to facilitate removal of the attachment suture from
the surgical site.

[0056] The first member 220 includes a neck member
210 that defines a U-shaped channel 217 for the reception of
an adjustment tool (not shown) that is configured and adapted
to engage an adjustment mechanism such as a gear 52 of the
ring 50 to adjust, i.e., increase or decrease, the diameter of
the ring 50. The neck member 210 provides a location at which
a surgeon may grasp the holder 200. In addition, the U-shaped
configuration of the channel 217, as previously described
facilitates removal of the holder 200 subsequent to
implantation of the ring 50 while the adjustment tool (not
shown) remains engaged with the gear 52 of the ring 50. The
neck member 210 may also include a channel 215 adapted and
configured for the reception of an elongated shaft of a
positioning tool that facilitates the holding and manipulation
of the holder 200. The elongated shaft of the positioning

tool (not shown) may be formed from a malleable material or
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wire that,may be bent to facilitate proﬁer positioning and
orientation of the ring 50 when i1t is attached to the holder
200. An example of a positioning tool will be described
hereinafter such as with reference to Fig. 5.

[0057] Another embodiment of an annuloplasty ring
holder will now be described with reference to Figs. 4A and
4B. The annuloplasty ring holder 300 shown in Figs. 4A and 4B
includes a posterior or first member 320 that is securable to
the posterior region P of the ring 50 and an anterior‘ or
second member 340 that is securable to an anterior region A of
the ring 50. The first and second members 320, 340 are
slidable with respect to one another along a generally common
plane to adjust the overall length of the holder '300 to
facilitate securing of the holder 300 to the ring 50. The
first member 320 1s securable to the posterior region P of the
ring 50 by placing attachment suture through apertures 313
defined within the first member 320. The second member 340 is
securable to the anterior region A of the ring 50 by placing
attachment sutures through apertures 311 defined within the
second member 340.  The second member 340 includes cutting
blocks 318 including channels 319 that are aligned with one
another. The cutting blocks 318 indicate the location of the
attachment suture, and the in-line positioning of the channels
319 facilitates cutting of the attachment suture with a single
scalpel stroke. The first member 320 may include cutting
blocks 309 that indicate the location of the attachment suture
securing the first member 320 to the posterior region P of the
ring 50. Neck member 310 defines a U-shaped channel 317 in
which an adjustment tool is placeable to engage the ring 50
and facilitate adjusting the diameter D of the ring 50. A
channel 315 is configured and adapted to receive an elongated
shaft of a positioning tool (not shown) to facilitate desiring
positioning of the holder 300 and corresponding positioning of

the ring 50.
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foo58] / As showh in Figs. 4A land 4B, the first
member 320 is coupled to the second member 340 by a length of
suture 350. The second member 340 includes a bar 341 that is
translatable through a channel defined within the first member
320. The bar 341 may include a narrowed section 343 in one or
more dimensions around which suture 350 is secured. The
narrowed section 343 may inhibit a frictional interaction
between the bar 341 and the channel defined within the first
member 320, thereby inhibiting potential breakage of the
suture 350. The suture 350 is secured to the first member 354
around a bar 354. In an embodiment, the suture 350 is not
accessible from the upper surface of the first member 320 to
inhibit inadvertent separation of the first and second members
320, 340. As shown in Fig. 4B, the suture 350 facilitates
retaining the first and second members 320, 340 in a coupled
relation even when the first and second members 320, 340 are
not in a slidable relation with one another. By coupling the
first and second members 320, 340 by the suture 350, the
potential that one of the first and second members 320, 340
may fall through the ring 50 after unsecuring the holder 300
from the ring 50 is  inhibited.

[0059] A holder handle 400 will now be described
with reference to Figs. 5 and b5A. The holder handle 400
facilitates both the adjustment of the adjustable annuloplasty
ring 50 and manipulation of an annuloplasty ring holder during
placement and suturing of ring 50 at the target site.
Although the holder handle 400 is shown and described with
reference to annuloplasty ring holder 500, it 1s to be
understood that the holder handle may be wused with any
suitable annuloplasty ring holder including annuloplasty ring
holders 200, 300, 900, 950 in which the ring holder includes
one channel for the reception of an elongated shaft of an

adjustment tool and another channel for the reception of an
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elongated(shaft of a positioning tool. 'The holder 100/can
also be modified to accept a holder handle 440.

[0060] The holder handle 400 includes a positioning
rod 420 that is attachable to a holder 500 to facilitate
desired positioning of the ring 50. The positioning rod 420
may be formed from a material that 1is malleable and/or
bendable, e.g., nickel titanium alloy or annealed stainless
steel. This allows adjusting of the angle of the handle 440
relative to the ring 50. As shown in Figs. 5 and 5A, the rod
420 is positionable within a first channel 540 of a neck
membér 520 of the holder 500. The holder 500 can be
constructed in accordance with any of the embodiments
described herein. The holder handle 400 includes an elongated
gripping section 440 to which rod 420 is attached, that
defines an axial U-shaped channel or groove 442 in which the
elongated shaft 410 of an adjustment tool is positionable.
The elongated shaft 410 of the adjustment tool may be loosely
snap—fit into place, i.e., the elongated shaft 410 may be
pressed within the groove 442 and the groove 442 may inhibit
separation of the elongated shaft 410 from the gripping
section 440 of the holder handle 400. Once placed within the
groove 442, the elongated shaft 410 is capable of rotational
movement as indicated by directional arrow G to enable
adjustment of the coupled prosthetic anatomical device. The
shaft may be rotated using for example, the device disclosed
in co-pending U.S. Application Serial No. 61/527,801 filed on
August 26, 2011, the disclosure of which is incorporated
herein.

[0061] In another embodiment shown in Fig. 6, a
holder handle 600 includes a gripping section 602 including a
rod 610 that is placeable within a channel of a suitable ring
holder, e.g., channel 215, 315, 540 of ring holders 200, 300,
500, respectively, to facilitate desired positioning of the

ring holder and corresponding positioning and placement of the
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ring 50.1 The rod 610 may be malleable of bendable and méy be
formed from material capable of being bent including, but not
limited to by way of example nickel titanium alloy or annealed
stainless steel. A narrowed section 604 of the gripping
section 602 may facilitate placement of a user’s thumb or
other finger for manipulation, e.g., rotation, of the gripping
section 602. A groove 612 is configured and adapted for the
reception of an elongated shaft of an adjustment tool that is
suitable for engaging the adjustment mechanism of the ring 50
to effect suitable adjustment of the diameter D of the ring
50.

[0062] In an embodiment shown in Fig. 7, a holder
handle assembly 700 includes a handle 706 that is operatively
coupled to the first member 952 of the annuloplasty ring
holder 950 (Fig. 10). As shown in Fig. 7, the first member
952 of the annuloplasty ring holder 950 includes a neck member
988 including channels 915, 9817. The handle 706 includes a
rod 702 that is operatively engaged with channel 915. In an
embodiment, the first member 220 may be integrally formed with
the handle 706. The elongated shaft 702 may be formed from a
malleable wire, e.g., a wire having shape memory properties
that is formed for example from a nickel titanium alloy or
annealed stainless steel. The handle 706 defines a channel or
groove 710 through which an elongated shaft of an adjustment
tool (not shown) may be placed to be inserted through the
channel 917 to engage the ring 50 and effect desired
adjustment of the diameter D of the ring 50. The elongated
shaft of the adjustment tool may be secured to the handle 706
by suture through apertures 708. A channel 704 may be defined
to provide an indication of. a cutting location and/or to
receive a cutting tool, e.g., a scalpel, to facilitate
separation of the handle 706 from the adjustment tool by

cutting the suture extending across the channel. In an
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embodimeﬁt, the first mémber 952 and the handle 706 méy be
removed at the saﬁe time.

[0063] A locking member 800 will now be described
with reference to Figs. B8-8A. The locking member 800 is
placeable within an appropriate channel of any of any suitable
holder above in which an adjustment tool for adjusting the
diameter of the ring 50 is receivable, e.g., channels 17, 217,
317. The locking member 800 may be securable within the
channel to inhibit inadvertent rotation or free spinning of
the adjustment tool and accidental adjustment of the diameter
D of the ring 50. The locking member 800 includes a generally
cylindrical section 811 that is placeable within the channel
is such a way that the locking member 800 may be frictionally
engaged with the channel to inhibit rotation of the locking
member 800. The locking member includes pinch tabs 810, 820
that are deflectable toward and against the direction
indicated by directional arrows A, B. The tabs 810, 820 are
biased toward one another to. frictionally engage the elongated
shaft, e.g., rod 410 of an adjustment tool, and may thereby
inhibit rotation or free spinning of the rod 410. As shown in
Fig. 8A, the rod 410 is snap-fit in place between the tabs
810, 820 by pressing the rod 410 between the tabs 810, 820 in
the direction indicated by arrow z, thereby spacing the tabs
810, 810 apart as indicated by arrows x, y. By pinching the
tabs 810, 820 together in the direction indicated by arrows A,
B, the rod 410 is free to rotate. However, such rotation is
inhibited if the tabs 810, 820 are not pinched together. In
this way, the locking member 800 may inhibit accidental
adjustment of the ring 50.

[0064] Referring now to Figs. 9A-9C, another
embodiment of an annuloplasty ring holder 900 is shown. The
annuloplasty ring holder 900 includes a first or pdsterior
member 902 and a second or anterior member 904. As best shown

in Fig. 9B, the second member 904 has a somewhat similar
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construcfion to the secoﬁd member 340 of'the annuloplasty'ring
holder 300 as shown in Fig. 4B. In the holder 900, the second
member 904 includes a bar 906 terminating at a rectangular
member 908 having lateral side members 910a, 910b which extend
outwardly beyond the side edges of the bar 906.

[0065] As shown in Figs. 97, 9C, the first member
902 includes an upper segment 912 and a lower segment 914
which, when assembled, form a generally rectangular inner
channel 916 adapted to slidingly receive in telescopic
arrangement the rectangular member 908 of the second member
904. The upper and lower segments 912, 914 are generally
formed as having a u-shaped cross section so as to define the
channel 0916. The upper and lower segments 912, 914 are
assembled by snap fitting the segments together along their
mating edges 918 using any known mechanical type fastening
structure. The end 920 of the first member 902 is formed with
a restricted opening 922 sized to accommodate reciprocal
movement of the bar 906, while precluding withdrawing of the
bar by engagement with the lateral side members 910a, 910b.
Accordingly, the upper and lower segments 912, 914 are snap-
fit together about the bar 906 of the second member 904 to
form a completed holder 900 which, when in use, will not
separate. The remaining aspects and features of the holder
900 can be constructed in accordance with those aspects and
features of the holders 100, 200, 300 as previously described.
For example, the first member 952 may include a neck member
adapted for receiving an adjustment tool, and optionally, a
channel adapted for receiving a positioning tool in the manner
as thus far described.

[0066] Another embodiment of an annuloplasty ring
holder 950 will now be described with reference to Fig. 10.
The annuloplasty ring holder 950 includes a posterior or first
member 952 and an anterior or second member 954. As will be

apparent from the foregoing construction, the holder 950 has
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features which are similar to those pre%iously described with
respect to the holders 100, 200, 300 and 900. The second
member 954 includes an elongated rectangular bar 956 extending
from a cross member 958. In one embodiment, the cross member
958 can be constructed for attaching the second member 954 to
a ring 50 in the manner as previously described.

[0067] In the embodiment shown, the cross member
958 includes apertures 960 to receive a suture for securing to
a ring 50. The cross member 958 includes a centralized
cutting block 964. The cutting block 964 is formed by two
spaced apart members adapted to receive a scalpel for severing
a suture which passes transversely therethrough. To
facilitate a surgeon's placement of a scalpel, the cutting
block may be bound by indicia such as colored (e.g. black
boxes) or other indicia, which provides a visual
identification of the 1location of the cuﬁting block. An
upstanding protrusion or projection 968 is provided on the
upper surface of bar 956 adjacent its terminal end opposite
the cross member. |

[0068] The first member 952 is formed from a body
which includes a pair of spaced apart legs 970a, 970b which
define an elongated open channel 972 therebetween. The legs
970a, 970b have inwardly facing ribs 974a, 974b to provide
support for the bar 956 when received within the channel. A
tab member 976 is provided overlying the channel 972 having
one end attached or formed integral with the first member 952.
The tab member 976 1is bound on opposite sides by elongated
openings 978a, 978b extending between the tab member and the
legs 970a, 970b. The construction of the tab member 976 and
openings 978a, 978b render the tab member flexible. The
underside of the tab member includes an elongated groove 980
bound at opposite ends by portions of the tab member 976. The
bar 956 of the second member 954 is slidingly received within

the channel 972 of the first member 952. As the bar enters
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the chahnel, the projedtion 968 initiaily engages the bottom
of the tab member 976, so as to displace the tab member
upwardly until the projection enters the groove 980. At that
point, the tab member 976, due to its resilient nature, will
be displaced downwardly into its original orientation,
capturing the projection 968 within the groove 980. In this
arrangement, the second member 954 is adapted to
telescopically slide within the first member 952, being
limited in movement distally and proximally by the projection
968 being captured within the groove 980. In an embodiment,
the first and second members 952 may be separated if desired
by displacing the tab member 976 wupwardly to allow the
projection 968 to Dbe disengaged from the groove 980.

'‘Accordingly, the first and second members 952, 954

telescopically move, relative to one another, within a common
plane along a single axis of the holder 950..

[0068] The holder 950 may further include apertures
982 to accept a suture for securing the first member 952 to
the ring 50. The suture may extend through a channel 984
provided on the tab member 976. A cutting block 986 can be
formed on the tab member 976 by spaced apart legs which define
a transverse opening intersecting the channel 984 and suture
therein. As previously described, the cutting block 986
facilitates severing of the suture to enable removal of the
holder 950 from ring 50. To facilitate identification of the
cutting block 986, the adjacent legs may be provided with
appropriate indicia, such as colored or graphic designations
in the manner as previously described. The holder 950,
likewise, may include a neck member 988 to accommodate an
adjustment tool and optionally a positioning tool in the
manner previously described.

[0070] Although the invention herein has been
described with reference to particular embodiments, it is to

be understood that these embodiments are merely illustrative
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of thelprinciples and épplications of fhe present invelntion.
It is therefore to be understood that numerous modifications
may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the spirit
and scope of the present invention as defined by the appended
claims. For example, although the devices and systems are
shown and described as being used for the repair and/or
reconstruction of the mitral valve, the devices and systems
may be used for the repair and/or reconstruction of other

valves..
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CLATMS /
1. An adjustable prosthetic = anatomical system

comprising:
| an adjustable prosthetic anatomical device including
an anterior region and a posterior region, the device
transitionable between a first diameter and a second diameter;
and

a holder comprising:

a first member operably attachable to the posterior
region of the device; and

a second member operably attachable to the anterior
region of the device, wherein the first member and the second
member are operably engagable with one another to move
relative to one to  accommodate adjustment of the device

between the first and second diameters.

2. The system of claim 1 further comprising:
an adjustment tool including an elongated shaft
operably engagable with the device to effect transitioning of
the device between the first and second diameters, wherein the
holder further comprises:
a neck member extending from the first member, the
neck member including a channel in which the elongated shaft

of the adjustment tool is receivable.

3. The system of claim 2, wherein the channel has a

generally U-shaped configuration.
4. The system of claim 2, wherein the elongated shaft
of the adjustment tool is detachable from the neck member

while the adjustment tool is operably engaged with the device.

5. The system of claim 1, wherein the first member

defines an elongated slot along a longitudinal axis, and the
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second member includes a pair of opposing tabs receivable
within the elongated slot to secure the second member to the
first member, whereby the first and second members are

slideable relative to each other along the longitudinal axis.

6. The system of claim 1, wherein the first member and
the "second member are each securable to the device by a length
of suture, and wherein the first and second members each
include a cutting block to facilitate cutting of the length of

the suture.

7. The system of claim 6, wherein the cutting blocks

are aligned along a common axis.

8. The system of claim 2, wherein the neck member
further comprises a second channel configured and adapted to
receive a positioning tool to facilitate positioning of the

holder.

9. The system of claim 1, wherein the first member
includes a longitudinally extending channel and the second
member includes a longitudinally extending bar, the bar
translatable through the channel along a single axis of the

first and second members.

10. The system of claim 9, wherein the first member and
the second member are operably coupled to one another by a

length of suture.
11. The system of claim 2, further comprising a

positioning tool including a rod, the neck member ihcluding a

channel adapted for receiving the rod.
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12. The system 6f claim 11, whérein the rod is/formed

from a malleable material.

13. The system of claim 1, whérein the first member
includes a neck member extending from a posterior region of
the holder, the neck member defining a first channel and a
second channel, the first channel adapted for receiving an
adjustment tool and the second channel adapted for receiving a

positioning tool.

14. The system of claim 13, wherein the adjustment tool
includes a first elongated shaft and the positioning tool
includes a second elongated shaft, and wherein the first
elongated shaft and the second elongated shaft are
substantially parallel.

15. The system of claim 13, wherein the positioning tool
further comprising a handle including a proximal end and a
distal end, the handle defining a groove extending between the
proximal and distal ends, the groove adapted to rotationally
receive the first elongated shaft therein, the second
elongated shaft extending distally from the distal end of the
handle.

16. The system of claim 15, wherein the handle includes
at least one aperture adapted to receive suture therethrough
to inhibit separation of the first elongated shaft from the

groove of the handle.

17. The system of claim 2, further comprising a locking
mechanism, the locking mechanism including a cylindrical
section that 1s securable within the channel, the locking
mechanism releasably engaging an elongated shaft of an

adjustment tool.
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18. The system of claim 1, wherein the first member
includes sections adapted to be snap fitted together with the

second member.

19. The system of claim 1, wherein the first and second

members move relative to one another along a common plane.

20. The system of claim 1, wherein the first and second
members move relative to one another along a single axis of

the holder.

21. The system of claim 1, wherein the first and second

members are telescopically engaged with each other.

22. An adjustable prosthetic anatomical device holder
comprising:

a first member operably attachable to a posterior region
of an adjustable prosthetic anatomical device; and

a second member operably attachable'to an anterior region
of the device, wherein the first member and the second member
are engagable with one another to move relative to one another
to accommodate adjustment of the device between a first and

second diameter.

23. The holder of claim 22, further comprising a neck
member extending from the first member, the neck member
including a first channel operable to receive an elongated
shaft of an adjustment tool operably engagable with the device
to effect transitioning of the device between the first and

second diameters.

24, The holder of claim 23, wherein the channel has a

generally U-shaped configuration.
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25. The holder of claim 22, wherein the first member
defines an elongated slot along a longitudinal axis, and the
second member includes a pair of opposing tabs receivable
within the elongated slot to secure the second member to the
first member, whereby the £first and second members are

slideable relative to each other along the longitudinal axis.

26. The holder of claim 22, wherein the first member and
the second member each include an opening for receiving a

length of suture for securing the members to the device.

27. The holder of claim 26, wherein the first and second
members each include a cutting block to facilitate cutting of

the length of suture.

28. The holder of claim 23, wherein the neck member
further comprises a second channel adapted to receive a

positioning tool to facilitate positioning of the holder.

29. The holder of claim 22, wherein the first member
includes a longitudinally extending channel and the second
member includes a longitudinally extending bar, the bar
translatable within the channel along a single axis of the

first and second members.

30. The holder of claim 29, further including a length
of suture tethering the first and second members to one

another.
31. The holder of clain1'22, wherein the first member

includes a neck member defining a first channel and a second

channel, the first channel adapted for receiving an adjustment
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tool and the second channel adapted for receiving a

positioning tool.

32. The holder of claim 22, wherein the first member
includes sections adapted to be snap fitted together with the

second member.

33. The holder of claim 22, wherein the first and second

members move relative to one another along a common plane.

34. The holder of claim 22, wherein the first and second
members move relative to one another along a single axis of

the holder.

35. The holder of claim 22, wherein the first and second

members are telescopically engaged with each other.

36. The holder of claim 22, wherein the second member
includes a bar having a projection adapted to be received

within a groove provided in the first member.

37. The holder of claim 36, wherein the first member
includes a tab member providing the groove for receiving the

projection.
38. The system of claim 17, wherein the locking

mechanism selectively inhibits rotation of the elongated shaft

of the adjustment tool.
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