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(57) Abrégé/Abstract:

A valve holder for delivering a prosthetic heart valve to an implant site is in various embodiments configured to reduce or eliminate
the occurrence of suture looping or other damage to the prosthetic valve during implantation. The valve holder can be configured
to deploy or actuate automatically when performing preparatory steps that are already familiar to practitioners, such as attaching a
delivery handle to the valve holder, so that the valve holders will not require additional steps or training to use. Therefore, operation
of the valve holders is kept simple, and occurrences of mistakes caused by user error can be minimized or reduced. Valve holders
according to different embodiments can be designed to accommodate implantation of prosthetic heart valves from either the inflow
end or the outflow end of the native valve annulus.
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PROSTHETIC VALVE HOLDERS
WITH AUTOMATIC DEPLOYING MECHANISMS

[0001] The present disclosure generally concerns medical devices, deployment
mechanisms, and methods for deploying such medical devices. More specifically, the
disclosure relates to surgical replacement of heart valves that have malformations and/or
dysfunctions. Embodiments of the invention relate to holders for facilitating the
implantation of bioprosthetic replacement heart valves at such native heart valves, and

methods of using the holders to facilitate implantation of the replacement valves.

[0002] Referring first to Fig. 1, the human heart is generally separated into four
pumping chambers which pump blood through the body. Each chamber is provided with
its own one-way exit valve. The left atrium receives oxygenated blood from the lungs
and advances the oxygenated blood to the left ventricle through the mitral (or bicuspid)
valve. The left ventricle collects the oxygenated blood from the left atrium and pushes it
through the aortic valve to the aorta, where the oxygenated blood is then distributed to
the rest of the body. Deoxygenated blood from the body is then collected at the right
atrium and advanced to the right ventricle through the tricuspid valve. The right ventricle
then advances the deoxygenated blood through the pulmonary valve and the pulmonary
artery to the lungs to again supply the blood with oxygen.

[0003] Each of the valves associated with the chambers of the heart are one-way
valves that have leaflets to control the directional flow of the blood through the heart,
and to prevent backflow of the blood into other chambers or blood vessels that are
upstream of the particular chamber. The valves are each supported by an annulus having
a dense fibrous ring attached either directly or indirectly to the atrial or ventricular
muscle fibers. When a valve become diseased or damaged, leakage or regurgitation may
occur, where some of the blood travels back upstream through the diseased or damaged

valve, and the efficiency and/or general functionality of the heart may be compromised.

[0004] Various surgical techniques can be performed to repair or replace a diseased
or damaged valve. In some valve replacement procedures, the leaflets of the diseased or

damaged native valve are first removed to prepare the valve annulus for receiving the
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prosthetic replacement valve. Fig. 2 shows an example of one type of popular prosthetic
replacement valve 1 that is a tissue-type bioprosthetic valve generally constructed with
natural-tissue valve leaflets 2, made for example, from porcine tissue or bovine
pericardium, or from artificially synthesized tissue, that are mounted on a surrounding
valve stent structure 3. The shape and structure of the leaflets 2 is supported by a number
of commissure posts 4 positioned circamferentially around the valve stent 3. In these
valves, a biocompatible cloth-covered suture or sewing ring 5 can also be provided on an
inflow end of the stent structure 3 of the valve 1, for attachment to the native valve
annulus. Such prosthetic valves function much like natural human heart valves, where

the leaflets coapt against one another to effect the one-way flow of blood.

[0005] When implanting a tissue type prosthetic valve as described above at a native
valve annulus, a number of sutures may be involved in the attachment process, many of
which may be pre-installed for providing a track on which the valve is advanced to and
properly positioned at the implant site. Additional sutures may also be applied between
the prosthetic valve and the heart walls after proper placement, to securely attach or hold
the valve implant in place. Meanwhile, in some cases, the prosthetic valves are implanted
through small access channels using one of various minimally invasive surgical
procedures, where visibility at the implant site may be impeded or obstructed. In
addition, depending on the direction of implantation, for example, with some mitral
valve replacement procedures, commissure posts of the stent or frame, or other portions,

of the prosthetic valve may be pointed distally and advanced on a blind side of the valve.

[0006] Each of the above factors may lead to tangling of the sutures with the valve
prosthesis, most commonly with the commissure posts of the frame, since they provide a
protrusion on which the sutures can easily loop around and tangle. This type of
entanglement of sutures with prosthetic valves is referred to as “suture looping,” which
specifically refers to instances where a suture is inadvertently wrapped around one or
more of the commissure post tips, where it can then migrate towards and damage the
leaflets or interfere with proper leaflet coaptation or other valve operation when the
sutures are tightened or secured, resulting in improper valve operation. In some cases,

such tangling may not be apparent to the practitioner at the time of implantation, and will
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only be revealed some time later when valve operation is observed to be improper or
other complications arise in the patient, in which case, it may be necessary to initiate

another procedure to repair or replace the prosthetic valve.

[0007] In addition, for example with aortic valve replacement procedures, during
surgical implantation of a prosthetic aortic valve, there is often very little space between
the aortic sinus and the commissures of the prosthetic valve, which makes advancing the
knots in the sutures used to attach the prosthesis to the aortic annulus very difficult.
Some surgeons use their fingers to advance the knots towards the implant site, and in the
process, may inadvertently bend and/or otherwise damage the commissure posts or other
portions of the prosthetic valve, which then requires the use of an additional prosthesis

and/or increased procedure time.

[0008] Attempts have been made to resolve the issue of suture looping, some of
which revolve around the holders which hold the prosthetic valves when they are
delivered to the native valve annulus. In one example, a holder has a mechanism that
urges the commissure posts of the prosthetic valve radially inwardly during delivery, so
that the ends of the commissure posts are pointed inwards, to reduce the possibility of
sutures catching against or looping around them. After the valve prosthesis is delivered
to the implant site, the holder is removed, releasing and expanding the commissure posts
to their original positions. However, although the commissure posts are biased inwardly
during delivery, since the ends of the commissure posts remain free, these holders have

not been fully effective in eliminating instances of suture looping.

[0009] Meanwhile, Edwards Lifesciences has developed another valve holder
system, known as the Tricentrix™ holder system, specifically for use in mitral valve
replacement procedures to protect the valve from suture looping during valve
implantation. The system includes monofilament sutures that attach to both the holder
and the commissures of the prosthetic valve, so that the sutures run over the outflow end
of the valve between the ends of the commissures. When the holder is actuated, a central
post extends distally through the prosthetic valve between the leaflets and pushes against
the sutures that run across the middle of the valve between the commissures, pushing the

sutures distally and causing an angled tent-like or “umbrella” effect on the sutures. The
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pressure on the sutures deflects the commissures slightly inwardly, while also forming
angled surfaces or tracks with the sutures that slope outwardly from the central post to
the commissure posts. These angled surfaces deflect any other sutures that might

otherwise be looped over a commissure or leaflet away from the prosthetic valve.

[0010] Other holders have also been developed in an attempt to further reduce
instances of suture looping. However, some of these holders are very complex, for
example, incorporating various rotary mechanisms and line connections in addition to
the original hold and release mechanisms, such that a number of additional steps must be
taken by the practitioner to operate the holders correctly. Many of these holders have
proven to be too complicated and/or prone to user error. Consequently, when
practitioners use these holders improperly, suture looping still commonly occurs, while

the implant process may also be further complicated by issues arising from user error.

[0011] In addition to the above, many of the newer holder designs also incorporate
many additional parts that interact with one another or that must be assembled by the
practitioner or other end user, which may also lead to additional complications. For
example, where additional parts must be threaded into one another, cross-threading can
occur when the threads of the various parts are inadvertently misaligned. This and/or
other interactions between the additional parts may lead to increased possibility of the

holder being damaged or breaking, and of loose fragments being generated.

[0012] Features of the invention provide for new holder systems and methods of
using the holder systems, which reduce or eliminate the occurrence of suture looping or
other damage to the prosthetic valves during implantation. Operation of the holders is
also simplified, where the additional features of the holders can be integrated for
deployment or actuation automatically when performing existing steps already well-
known by users, for example, via a step of attaching the holder to a delivery handle,
thereby reducing or eliminating mistakes caused by user error. The holders can also have
a reduced number of parts and/or provide for integrated alignment features or other
safety features, so that cross-threading or other damaging interactions between parts can
also be prevented. These holders can also be made at similar or reduced costs compared

to existing holders.
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[0013] In one embodiment of the invention, a valve holder is configured to be
attached to a delivery handle and to a prosthetic heart valve including a plurality of
commissure posts and a plurality of flexible leaflets connected to the commissure posts.
The valve holder includes a body having a first end, a second end, and a central axis
extending between the first and second ends, where the body includes a first portion at
the first end and a second portion at the second end with an outer width that is smaller
than an outer width of the first portion, where a coaxial bore extends through the body,
and where a first region of the bore has an engagement portion for engaging the delivery
handie. The valve holder also includes a plurality of arms connected to the first portion
of the body and extending axially from the first portion towards the second end of the
body, a plunger positioned in the bore of the body, where a first portion of the plunger is
configured to extend at least partially into the first region of the bore, and a plurality of
sutures respectively connected between each arm and the plunger. In a first
configuration, the plunger is at a first position where the first portion of the plunger
extends into the first region of the bore, the sutures extend substantially radially from the
plunger to respective ones of the arms, and free ends of the arms are positioned at a first
radial distance from the central axis of the body. In a second configuration, the plunger is
at a second position closer to the second end of the body, at least part of the sutures are
displaced by the plunger towards the second end of the body, and the arms are pivoted
radially inwardly by the sutures such that the free ends of the arms are positioned at a
radial distance from the central axis of the body that is less than the first radial distance
to inwardly deflect commissure posts of the prosthetic heart valve that are attached to

free ends of the arms.

[0014] In another embodiment of the invention, a valve holder is configured to be
attached to a delivery handle and to a prosthetic heart valve comprising a plurality of
commissure posts and a plurality of flexible leaflets connected to the commissure posts.
The valve holder includes a hub having a first end, a second end, and a central axis
extending between the first and second ends, where the hub includes a first portion at the
first end and a second portion extending from the first portion towards the second end,

where a coaxial bore extends through the second portion of the hub, and where a first
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region of the bore has an engagement portion for engaging the delivery handle. The
valve holder also includes a post including a longitudinally extending central body
configured to be positioned in the bore and to extend at least partially into the first region
of the bore, and a plurality of sutures configured to connect to and extend from the first
end of the hub in a direction away from the second end of the hub and to engage
respective commissure posts of the prosthetic heart valve, where the sutures form a
crossing region on the central axis at a first distance from the first end of the hub. In a
first configuration, the central body of the post extends into the first region of the bore
and where a first end of the post is at a first position that is spaced apart from the
crossing region of the sutures. In a second configuration, the post is positioned farther
away from the second end of the hub, and the first end of the post is at a second position
where the first end of the post engages the crossing region of the sutures and axially
displaces the crossing region of the sutures away from the hub to inwardly deflect

commissure posts of the prosthetic heart valve that are attached to the sutures.

[0015] In yet another embodiment of the invention, a system is configured to deliver
a prosthetic heart valve including a plurality of commissure posts and a plurality of
flexible leaflets connected to the commissure posts to an implant site. The system
includes a valve holder configured to be attached to the prosthetic heart valve and a
delivery handle for advancing the valve holder and the prosthetic heart valve to the
implant site. The valve holder includes a holder body having a coaxial bore extending
therethrough, where a first region of the bore has an engagement portion, a plunger
configured to be positioned in the bore and to extend at least partially into the first region
of the bore, and a plurality of sutures configured to be axially displaced by the plunger.
The delivery handle includes an engagement portion configured to engage the
engagement portion at the first region of the bore of the valve holder. When the
engagement portions of the valve holder and the delivery handle are engaged, the
delivery handle adjusts the valve holder to a deployed configuration by moving a
position of the plunger to axially displace the sutures and to inwardly deflect commissure

posts of the prosthetic heart valve that are attached to the valve holder.
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[0016] According to embodiments of the invention, holders for prosthetic valve
delivery reduce or eliminate occurrences of suture looping and/or other damage to the
valves when the valves are implanted, while the mechanisms for deploying these features
are integrated into the holders in a way that makes it easier for end users to use and

deploy.
[0017] Further features and advantages of the invention will become apparent from
the description of embodiments using the accompanying drawings. In the drawings:

[0018] Fig. 1 shows a schematic cross-sectional view of a human heart;

[0019] Fig. 2 shows a schematic perspective view of an example of a prosthetic

valve that can be used with embodiments of the invention;

[0020] Fig. 3 shows an exploded perspective view of a valve holder for a prosthetic

aortic valve according to an embodiment of the invention;

[0021] Fig. 4 shows a perspective view of the valve holder of Fig. 3 in an assembled

state;

[0022] Figs. 5A to 5C respectively show a perspective view, a top view, and a cross-

sectional view of a body of the valve holder of Figs. 3 and 4;

[0023] Fig. 6 shows a perspective view of one arm of the valve holder of Figs. 3 and
4.

E

[0024] Fig. 7 shows a perspective view of a cap of the valve holder of Figs. 3 and 4;

[0025] Fig. 8 shows a perspective view of a plunger of the valve holder of Figs. 3
and 4;

[0026] Fig. 9A shows a perspective view with a partial cross-section of the valve
holder of Figs. 3 and 4 in a first, un-deployed, configuration, and Fig. 9B is an image
showing the valve holder in the first configuration with a replacement valve attached

thereto;

[0027] Fig. 10A shows a perspective view with a partial cross-section of the valve

holder of Figs. 3 and 4 in a second, deployed, configuration, and Fig. 10B is an image
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showing the valve holder in the second configuration with a replacement valve attached

thereto;

[0028] Fig. 11 shows an exploded perspective view of a valve holder for a prosthetic

mitral valve according to an embodiment of the invention;

[0029]  Fig. 12 shows a perspective view of the valve holder in Fig. 11 in an

assembled state;

[0030] Figs. 13A and 13B respectively show a perspective view and a cross-sectional
view of a hub or holder of the valve holder of Figs. 11 and 12;

[0031] Figs. 14A and 14B respectively show a perspective view and a cross-sectional

view of a post of the valve holder of Figs. 11 and 12;

[0032] Fig. 15A shows a perspective view with a cross-section of the valve holder of
Figs. 11 and 12 in a first, un-deployed, configuration, and Fig. 15B is an image showing

the valve holder in the first configuration with a replacement valve attached thereto;

[0033] Fig. 16A shows a perspective view with a cross-section of the valve holder of
Figs. 11 and 12 in a second, deployed, configuration, and Fig. 16B is an image showing

the valve holder in the second configuration with a replacement valve attached thereto;

[0034] Fig. 17 shows a perspective view of a portion of a valve holder for a
prosthetic mitral valve according to a modified embodiment, where the valve holder has

a hub with a separable adapter portion;

[0035] Fig. 18 shows a perspective view of a valve holder for a prosthetic mitral

valve according to a second modified embodiment with a separable adapter portion;

[0036]  Fig. 19 shows a perspective view of a portion of the hub of the valve holder
of Fig. 18;

[0037] Figs. 20A and 20B respectively show a perspective view and a cross-sectional

view of a portion of the valve holder of Fig. 18;

[0038]  Fig. 21A is an image showing a valve holder and a valve interacting with a

separate fixture post and a metal pin during attachment of the valve to the valve holder,
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and Fig. 21B shows a perspective view of a portion of the modified valve holder of Fig.
18 configured to hold the metal pin;

[0039] Fig. 22A shows an enlarged perspective view of a portion of a modified post
of the valve holder of Fig. 18, and Fig. 22B shows a perspective view of the valve holder

with another view of a modified post; and

[0040] Fig. 23 shows a cross-sectional view of a portion of another modified version

of the valve holder of Fig. 18.

[0041] Disclosed herein are various valve holders for assisting in the delivery and
implantation of prosthetic heart valves at an implant site, and methods for preparing the
prosthetic heart valves for such procedures. Embodiments of the valve holders reduce
occurrences of various complications that may arise during implantation, while
remaining simple for end users to use. By providing these improved valve holders,
damage to the prosthetic valves during surgical procedures can be reduced, and
additional costs for extended or additional procedures and replacement valves can be

avoided.

[0042] The valve holders disclosed herein are particularly useful for avoiding suture
looping and other valve damage during advancement of the prosthetic valves to the
implant sites, as well as during final suturing of the valves at the native valve annulus. In
procedures where commissure posts of the prosthetic valve point proximally towards the
practitioner, for example, in many aortic valve replacement procedures, valve holders
according to embodiments of the invention protect the valve stent from sutures as well as
from the practitioner’s extremities and other tools during attachment of the valve at the
implant site. Meanwhile, in procedures where commissure posts of the prosthetic valve
point distally, for example, in many mitral valve replacement procedures, the
commissure posts point in the direction of valve advancement and may be more prone to
suture looping or other entangling. In these cases, valve holders according to
embodiments of the invention can urge the commissure posts inwards and can also
provide angled sutures or wires that form tracks that deflect other sutures away from the

prosthetic valve. Each of the presented embodiments also effect automatic deployment or
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actuation of the respective valve holders to their deployed positions, using steps that are
already associated with handling of existing valve holders. In this fashion, ease of use of

the below described valve holders can be maintained, while user error can be minimized.

[0043] Valve holders according to embodiments of the invention can also apply or be
modified to apply to procedures for replacing heart valves other than at the aortic and
mitral positions. For example, a valve holder according to an embodiment of the
invention can be utilized for holding a prosthetic valve for replacing a damaged or
diseased tricuspid valve, and can be selected depending on the direction of delivery of

the prosthetic valve.

[0044] Fig. 3 shows an exploded perspective view of a valve holder according to an
embodiment of the invention, and Fig. 4 shows a perspective view of the valve holder of
Fig. 3 in an assembled state. The valve holder in Figs. 3 and 4 can be used, for example,

for delivering a prosthetic aortic valve to the aortic position.

[0045] The valve holder 100 in Figs. 3 and 4 includes a body 110, a plurality of arms
120, a cap 130, and a plunger 140. In the embodiment shown, the valve holder includes
three arms 120, but in other embodiments, valve holders can include more or less arms,
depending on the prosthetic valve the valve holder is intended to hold, where the number
of arms generally corresponds to the number of commissure posts on the prosthetic
valve. The arms 120 are attached to an upper portion of the body 110, and the arms 120
and body 110 are held together with the cap 130. Meanwhile, the plunger 140 is
positioned in a bore of the body 140. As can be seen in Fig. 4, a plurality of connections
150 (e.g., via suture loops or ties, other flexible material, or other attachment
mechanisms) respectively extend radially inwards and extend through a lower portion of

the body 110 for interaction with the plunger 140, as discussed in greater detail below.

[0046] The body 110 of the valve holder 100 is shown in greater detail in Figs. 5A to
5C. The body 110 includes a disk-shaped or cylindrically shaped central portion 111 and
a lower cylindrical portion 112 that has an outer diameter that is less than the outer

diameter of the central portion 111. In some embodiments, the body 110 also includes an

upper cylindrical portion 113 that also has an outer diameter that is less than the outer
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diameter of the central portion 111. Meanwhile, while the respective portions 111, 112,
113 of the body 110 are formed as cylindrical portions in the described embodiment,
other embodiments may have one or more portions that have different cross-sectional

shapes.

[0047] A through bore 114 extends through a central axis of the body 110. The
through bore 114 has an upper region 115 with an inner engagement structure, such as an
inner thread, and a lower region 116 that has a substantially cylindrical inner surface.
The upper region 115 of the bore 114, including the inner engagement structure, extends
from an upper end of the body 110 down to approximately where the central portion 111
and the lower portion 112 meet, while the lower region 116 of the bore 114 extends
substantially through the lower portion 112. In the illustrated embodiment, the lower
region 116 of the bore 114 is slightly wider than the upper region 115 of the bore 114,
forming an abutting surface 117 therebetween. The abutting surface 117 serves as a stop

for the plunger 140, as described in greater detail below.

[0048] A plurality of engagement portions 118 are formed on an outer surface of the
central portion 111 of the body 110. Each of the engagement portions 118 is configured
to receive a corresponding engagement portion of an arm 120 of the valve holder 100, to
attach the arms 120 to the body 110. Therefore, the number of the engagement portions
118 corresponds to the number of arms 120 desired on the valve holder 100. In the
illustrated embodiment, the valve holder 100 includes three engagement portions 118 for
respectively receiving three arms 120. The engagement portions 118 are arranged as
recesses that receive correspondingly shaped enlarged ends of the arms 120, where the
enlarged ends of the arms 120 can be inserted, for example, from upper openings of the
recesses and rest on lower surfaces formed by the recesses. When the enlarged ends of
the arms are held in the engagement portions 118 in this manner, the cap 130 can then be
attached to the top or proximal end of the body 110 to lock the body 110 and the arms
120 together. Meanwhile, in other embodiments, the engagement portions 118 and arms
120 can be designed in any number of different ways, so long as hinge joints are formed

between the body 110 and the arms 120, or so long as the connections allow for
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movement or pivoting of the free ends of the arms 120 radially inwards towards a central

axis of the valve holder 100.

[0049] The lower portion 112 of the body also has longitudinal slits 119 that are
radially aligned with the engagement portions 118, so as to also align with the arms 120.
The slits 119 are generally rectangular in shape and extend from a free end of the lower
portion 112 to a distance from where the central portion 111 and the lower portion 112 of
the body 110 meet. This distance can correspond, for example, to a length of a larger

portion of the plunger 140, as will be described in greater detail below.

[0050] A perspective view of one of the arms 120 is shown in Fig. 6. The arm 120
has an upper portion 121 and a lower portion 122. Either the upper portion 121 or the
lower portion 122, or both, can be tapered so that the arm 120 reduces in width towards
the lower portion 122. The lower portion 122 can also be slightly angled relative to the
upper portion 121, so that when the arm 120 is attached to the body 110, the lower
portion 122 is angled slightly inwardly to reduce a profile or size of the valve holder 100.

[0051] A projection 123 that projects in a direction transverse to a longitudinal axis
of the arm 120 is formed at the free end of the lower portion 122. The projection 123
may include one or more apertures or other features for engaging or passing through of a
suture that connects the arm 120 to a corresponding commissure of the prosthetic valve.
Near an opposite end of the arm 120, a second projection or engagement feature 124 can
be included for providing a second attachment point for the suture that connects the
prosthetic valve commissure. The second projection 124 in the instant embodiment is

formed by one or more tabs with through holes for threading the suture.

[0052] Meanwhile, near a center of the arm 120, approximate where upper portion
121 and lower portion 122 meet, one or more additional through holes or bores 125 is
formed transversely through the arm 120. In some embodiments, the through holes 125
are formed slightly lower, approximately two-thirds of the way down from the top ends
of the arms 120. The through holes 125 extend in a direction similar to the direction of
extension of the projections 123. The through holes 125 are configured to connect the

arm 120 to the plunger 140 located in the bore 114 of the body 110 via the same or a
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separate suture as the onc described above. The position of the through holes 125
generally align longitudinally with closed ends of the longitudinal slits 119 on the lower
portion 112 of the body 110 when the arms 120 are attached to the body 110. In this
manner, when the valve holder 100 is assembled and in a first un-deployed
configuration, described in greater detail below, the sutures connecting the arms 120 to
the plunger 140 are configured to extend substantially horizontally or radially relative to

the central axis of the valve holder 110.

[0053] Near the free end of the upper portion 121, the arms 120 also include
projections 126 for engagement with the engagement recesses 118 on the central portion
111 of the body 110. The projections 126 are formed here as cylindrical knobs
configured to fit in the recesses 118 on the body 110, but as noted above, any of various
other complementary engagement shapes and/or features can instead be used for the
engagement features 118 and 126, so long as the resulting connections allow for
movement or pivoting of the free ends of the arms 120 radially inwards towards the

central axis of the valve holder 100.

[0054] A perspective view of the cap 130 is provided in Fig. 7. The cap 130 has a
substantially circular shape, and has a slightly tapered outer surface that widens towards
an end that is configured to face the body 110 when the cap 130 is attached to the body
110. In general, an outer profile of the cap 130 at the end that connects to the body 110
corresponds in size and shape to the outer profile of the central portion 111 of the body
110, so that a smooth transition is formed between the cap 130 and the body 110 when
the parts are connected. For embodiments where the body 110 has an upper portion 113,
the cap 130 may have a complementary through bore 131 to allow the cap 130 to be
fitted around the upper portion 113. The cap 130 connects to the top of the body 110, for
example, by a press-fit or snap engagement (not shown). Engagement portions can be
provided, for example, on a top surface of the central portion 111, on the upper portion
113, or both. However, any other type of connection that securely connects or mates the
cap 130 to the body 110 can be utilized. For example, the cap 130 can be attached to the
body 110 with an adhesive. In some embodiments, the cap 130 also has three grooves on

its bottom surface that are configured to align with the engagement portions 118 on the
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body 110 to complete cavities in which the projections 126 of the arms 120 respectively
connect, and along which the projections 126 and the rest of the upper portions 121 of

the arms 120 can be guided when the arms 120 are pivoted at the connections.

[0055] Fig. 8 shows a perspective view of the plunger 140. The plunger 140 includes
an upper portion 141 and a lower portion 142. In the illustrated embodiment, both the
upper portion 141 and the lower portion 142 are substantially cylindrically shaped, but
one or both of the portions can be formed in different shapes in other embodiments. The
upper portion 141 is smaller than the lower portion 142 in diameter. The plunger 140 is
sized to fit into the bore 114 of the body 110, and can be inserted through the bottom
opening of the body 110 and held in the lower region 116 of the bore, with the upper
portion 141 of the plunger 140 directed towards the top or proximal end of the body 110.

[0056] The diameter of the upper portion 141 of the plunger 140 is smaller than the
inner diameter of the upper region 115 of the bore 114, so that the upper portion 141 of
the plunger 140 can extend into the upper region 115 of the bore 114. Meanwhile, the
diameter of the lower portion 142 of the plunger 140 is smaller than the inner diameter of
the lower region 116 of the bore 114, but is larger than the inner diameter of the upper
region 115 of the bore 114. Therefore, the lower portion 142 of the plunger 140 abuts
against the abutting surface 117 formed in the body 110, which forms a stop against
further upward movement of the plunger 140 when it is held in the bore 114.

[0057] A series of through holes 143 or other engagement features are provided on
the lower portion 142 of the plunger 140. The through holes 143 are configured for
attaching sutures that extend between the plunger 140 and each of the arms 120. The
through holes 143 are therefore positioned radially around the lower portion 142 of the
plunger 140 at positions corresponding to the arms 120 and the slits 119 on the body 110,

so that each of the sutures can pass through a respective one of the slits 119.

[0058] Fig. 9A shows a perspective view of the assembled valve holder 100 with a
partial cross-section showing interaction between the various parts. The valve holder 100
in Fig. 9A is in a first, un-deployed, configuration, where the valve holder 100 has not

been attached to a separate handle that is used to facilitate delivery of the valve holder
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100 and attached prosthetic valve to the implant site, and where the arms 120 have not
yet been urged radially inwards.

[0059] As can be seen in Fig. 9A, the upper ends of the arms 120, with the
projections 126, have been inserted into the engagement recesses 118 on the central
portion 111 of the body 110, and the cap 130 has been attached to the upper end of the
body 110 to secure the arms 120 to the body 110. Meanwhile, the plunger 140 is being
held at a high position in the lower region 116 of the bore 114 of the body 110, with the
upper portion 141 of the plunger 140 extending into the upper region 115 of the bore
114, and the lower portion 142 of the plunger 140 abutting against the surface 117 in the
bore 114. In this position, a bottom end of the plunger 140 generally aligns axially with
the tops of the slits 119 on the body 110 and the bores 125 on the arms 120, so that the
suture loops or connections 150 running between the plunger 140 and each of the arms
120 extend substantially horizontally or radially relative to the central axis of the valve
holder 110. The sutures 150 are attached, for example, by threading through the bores
125 on the arms 120 and the through holes 143 on the plunger 140. Since a length of
each of the sutures 150 between the plunger 140 and the arms 120 remains fixed, this
horizontal orientation of the sutures 150 represents the configuration of the valve holder
100 where the arms 120 are pivoted outwardly at a greatest distance. In some
embodiments, the arms 120 may be continually outwardly biased, for example, based on
the construction of the connection between the arms 120 and the body 110, while the
sutures 150 prevent the arms 120 from pivoting outwardly any further. Therefore, the
valve holder 100 can be held in the un-deployed position, where the sutures can 150
remain tensioned and the plunger 140 is held in and prevented from falling out of the

body 110, when no external forces are acting on the valve holder 100.

[0060] In addition to the above, additional sutures or other flexible material or
attachment mechanisms are utilized to attach the valve holder 100 to a prosthetic valve.
Fig. 9B is an image showing a valve holder 100 in the first, un-deployed position and
attached to a prosthetic valve via a series of additional sutures running on an outer
surface of the arms 120. These additional sutures can be extensions of the sutures 150

running between the plunger 140 and the arms 120, or can be separate sutures used
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specifically for attaching the prosthetic valve. The additional sutures extend from the
tabs 124 through the apertures on projections 123 and are sewn to or otherwise attach to
the commissure posts on the prosthetic valve. In other embodiments, other attachment
methods may be utilized, so long as the bottom ends of the arms 120 attach securely to
the free ends of the commissure posts on the prosthetic valves, so that the two features
can pivot radially inwards and outwards together, and where the connections are quickly

and easily detachable by an end user.

[0061] Fig. 10A shows a perspective view of the valve holder 100 with a partial
cross-section showing the interactions between the various parts. The valve holder 100 in
Fig. 10A has been moved or adjusted to a second, deployed configuration, where the
plunger 140 has been pushed or urged axially downwardly to a low position towards the
bottom opening of bore 114. This downward force can be applied to the top end of the
upper portion 141 of the plunger 140, for example, by a separate extension handle (not
shown) to which the valve holder 100 can be connected. Such handles are already readily
used by practitioners to help navigation and delivery of existing valve holders to implant

sites.

[0062] As discussed carlier, upper region 115 of bore 114 is threaded. The handle
includes a corresponding thread for engaging the valve holder 100. The distal end of the
handle provides an abutting end, such that advancement of the handle into the upper
region 115 of the bore 114 will push the plunger 140 downwards out of the upper region
115 and towards the bottom opening of the bore 114, as illustrated by the downward
arrow in Fig. 10A. When the plunger 140 is advanced downwards, the ends of sutures
150 connected to plunger 140 are tensioned and are also shifted downwards, while the
axial position of the ends of the sutures 150 connected to arms 120 stays substantially the
same, displacing the sutures 150 to an orientation where they extend downwardly at an
angle towards the bottom end of the body 110. This, in turn, pulls or deflects the bottoms
of the arms 120 radially inwardly, where the arms 120 pivot or rotate at the respective

connections to the body 110.

[0063] Fig. 10B is an image showing the valve holder 100 connected to the

prosthetic valve and actuated by the extension handle connected at the upper region 115
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of the bore 114, so that the valve holder 100 is held in the second, deployed position. The
arms 120 have been pivoted inwardly, which in turn urges and deflects the ends of the
commissure posts of the prosthetic valve inwardly as well. The practitioner can then use
the attached handle to maneuver the valve holder 100 and prosthetic valve to the implant
site, and can further attach the prosthetic valve to the native valve annulus, for example,
by tying suture knots, while the commissure posts on the prosthetic valve are deflected
inwardly and held at a position that provides more space for maneuverability at the
implant site. After the prosthetic valve has been securely attached at the implant site, the
handle can then be detached, the valve holder 100 is automatically released from the
deployed position via the detachment of the handle, the prosthetic valve returns to its
original shape, and the valve holder 100 can then also be detached from the fully
implanted prosthetic valve, for example, by untying or cutting the sutures connecting the

valve to the valve holder 100.

[0064] When the prosthetic valve is advanced and held at the implant site in the
deflected configuration, the inward deflection of the commissure tips protects the
commissures from the practitioner and/or tools during suture tying, and also protects the
commissure tips from entanglement. Actuation is simplified, since a same number of
turns needed to connect the handle (e.g., six turns) will also fully and automatically
actuate the valve holder 100. Meanwhile, since the valve holder 100 is automatically
actuated to the deployed position when the handle is attached, a step that is already
performed by an end user when implanting existing prosthetic valves, and is also
automatically released back to the un-deployed position when the handle is removed, the
end user does not need to learn or perform any additional steps to properly activate and

deactivate the valve holder 100, thereby reducing the possibility of user error.

[0065] The embodiment of the valve holder 100 described above includes separate
body 110, arms 120, and cap 130. However, in other embodiments, these components
can be combined into fewer pieces, for example, a single piece to simplify the valve
holder design. This can be achieved, for example, by molding the body and arms as one
piece from a flexible material with living hinges where the arms attach to the body.

Molding the body and arms as one piece would also obviate the need for a separate cap

Date Regue/Date Received 2023-08-10



-18 -

(which was used to secure the arms to the body in the above embodiment), or for any
additional attachment means or adhesives. Such a valve holder would therefore only
include two components, the modified body and plunger 140. Meanwhile, while the
valve holder 100 described may be slightly larger than currently existing valve holders,
various modifications can also be made to optimize or reduce the holder size to be
comparable to existing valve holders. The height of the valve holder 100 can be
shortened, for example, by shortening the arms 120, lowering the position of the central
portion 111 on the body 110, and/or reducing the axial distance the plunger 140 travels
to fully actuating or deploying the deflection mechanism. In addition, the connection
points of the arms 120 to the body 110 can be moved radially inwards to reduce a
diameter or width of the top of the valve holder 100, which could be beneficial by
increasing visibility and/or proximal access or space to work for the practitioner. In
another modification, a locking or holding mechanism, such as a small molded latch, can
also be added to the plunger 140 or other component, to hold the valve holder 100 in the
deployed or activated configuration, even after the extension handle is removed. This
way, the handle can be removed to provide even more space for the practitioner to adjust
or modify the positioning or attachment of the prosthetic valve, while the valve and
holder are both still held in the deflected configuration. In yet another modified
embodiment, the handle can be attached to a removable adapter that is a separate piece
from other parts of the body, such that the adapter can be separated from the rest of the
body when desired, in order to allow for easier removal of the handle, without having to
unscrew the handle from the valve holder assembly. Such an adapter can be attached to
the rest of the body, for example, by a suture or other tie-down, where cutting or undoing
the suture would allow for easy removal of the adapter and the handle attached thereto,

further simplifying use of the valve holder for the end user.

[0066] Fig. 11 shows an exploded perspective view of a valve holder according to
another embodiment of the invention, and Fig. 12 shows a perspective view of the valve
holder of Fig. 11 in an assembled state. The valve holder in Figs. 11 and 12 can be used,

for example, for delivering a prosthetic mitral valve to the mitral position.
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[0067] The valve holder 200 in Figs. 11 and 12 has only two parts, a hub or holder
body 210 and a post 230. The valve holder 200 is configured to attach to an inflow side
of a prosthetic valve such as the prosthetic valve 1 discussed with respect to Fig. 2, so
that at least part of the valve holder 200 extends through the central opening of the valve
1. Furthermore, the post 230 is movable relative to the hub or body 210, so that the post
230 can extend past an outflow end of the valve 1 when the valve holder 200 is attached

to the valve 1, as discussed in greater detail below.

[0068] The hub or holder body 210 is shown in greater detail in Figs. 13A and 13B.
The hub 210 includes a generally circular first portion 211 and a substantially cylindrical
second portion 221 that is connected to and extends proximally from the first portion
211.

[0069] The first portion 211 of the hub 210 is sized and shaped to fit at least partially
at or through an inflow opening of a prosthetic valve. In the embodiment shown, the first
portion 211 includes three radial projections 213, each of which has one or more through
holes or apertures 214 for threading sutures therethrough, as well as axial extensions 215
positioned radially inwardly from the apertures 214, for further supporting a shape of the
prosthetic valve or for supporting inner surfaces of the commissure posts on the
prosthetic valve. When a prosthetic valve is attached to the valve holder 200, an inflow
end of the prosthetic valve rests on an upper surface of the first portion 211, while the
axial extensions 215 extend a small distance into the valve and can apply a small radial
outward pressure against the inner surface of the valve stent, to help hold the inflow end
of the prosthetic valve stent at a desired shape. Meanwhile, the apertures 214 are
positioned proximally relative to the prosthetic valve, and a series of sutures or suture
loops extend from the apertures through the base of the valve stent and then through the
commissures of the valves (as can best be seen in Fig. 16B), in order to help adjust a
shape or deflection of the commissure posts of the attached valve. While a particular
shape and specific features of the first portion 211 is shown in the embodiment
discussed, the first portion can be formed in other shapes and with different features in
other embodiments, so long as a connection to an associated prosthetic valve is easily

and effectively facilitated.
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[0070] One or more vertical struts or supports 217 extend radially between the first
portion 211 and the second portion 221, to connect the second portion 221 to the first
portion 211. Meanwhile, one or more circumferential gaps or recesses 218 is formed
therebetween, e.g., in the regions where there are no supports 217. The gap or gaps 218
provide space through which a portion of the post 230 can extend, as discussed in greater

detail below.

[0071] The second portion 221 of the hub 210 is formed generally as a tubular
section that extends proximally from the first portion 211. The second portion 221 has a
through bore 222 with a first region 223 positioned closer to the first portion 211, and a
second region 224 positioned farther away from the first portion 211. In the embodiment
shown, the first region 223 of the bore 222 has a smaller diameter than the second region
224 of the bore 222. In addition, the first region 223 of the bore 222 is threaded for
attaching a threaded distal end of an extension handle (not shown) to the valve holder
200, while the second region 224 of the bore 222 provides a threading guide for insertion
and guiding of the threaded end of the handie to the first region 223. An opening of the
second region 224 of the bore 222 on a side opposite the first region 223 can also be
tapered or beveled, for further facilitating and guiding the threaded end of the handle into
the bore 222.

[0072] An outer surface of the second portion 221 of the hub 210 is substantially
smooth to facilitate sliding of the post 230 over the second portion 221. The outer
surface of the second portion 221 may include one or more grooves or detents 225 for
engaging corresponding latches located on the post 230. The embodiment shown
includes two detents 225 located circumferentially opposite to or across from one
another. The detents 225 can have a triangular cross-section, with a flat surface for
providing an abutment for the latches, and a sloping surface that widens towards the first
portion 211 of the hub 210, where the latches can flex radially outwardly to pass over the
sloping surfaces when the post 230 is moved distally relative to the hub 210. In addition,
each of the detents 225 may be connected to a longitudinal groove 226 that extends from
the detents 225 towards the end of the second portion 221 nearest to the first portion 211,
to provide tracks on which the latches of the post 230 can travel when the post 230 is
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advanced distally. Alternatively, the entire outer surface of the region of the second
portion 221 between the detents 225 and the end of the second portion 221 nearest to the
first portion 221 can have a reduced diameter compared to other regions of the second

portion 221.

[0073] The post 230 is shown in greater detail in Figs. 14A and 14B. The post 230 is
of a longitudinal construction, and includes two main longitudinally extending sections, a
solid rod-shaped central body 231 and a tubular section 232 that surrounds the central
body 231. The central body 231 and the tubular section 232 are attached at only one end
233 (i.e., a distal end) of the post 230, while the opposite end of the central body 231 and
the tubular section 232 remain free, forming a cylindrically-shaped recess 234 extending
between the central body 231 and the tubular section 232 for a majority of the post 230.
The cylindrically-shaped recess 234 provides a space into which the second portion 221
of the hub 210 can extend. In the illustrated embodiment, the tubular section 232 is also
slightly longer axially than the central body 231, but in other embodiments, the lengths
may be similar, or the central body 231 may be longer than the tubular section 232.

[0074] The central body 231 forms a plunger region of the post 230 that is
configured to extend into the second portion 221 of the hub 210. A width of the rod-
shaped central body 231 is smaller than inner diameters of both the first and second
regions 223, 224 of the bore 222 of the hub 210, while a length of the central body 231 is
such that it can extend through the first region 223 of the bore 222, and in some
embodiments, at least partially into the second region 224 of the bore 222. Additionally,
a free end of the central body 231 forms a flat or other suitable surface against which
another component (e.g., a distal end of an extension handle) can abut. Meanwhile, the
size of the cylindrically-shaped recess 234 is such that the second portion 221 of the hub
210 can casily extend thercthrough as well. In this manner, the post 230 can be attached
from a distal end of the hub 210 (i.e., from an end of the hub 210 where the first portion
211 is located), so that the second portion 221 of the hub 210 is sandwiched between the
central body 231 and the tubular section 232 of the post 230.

[0075] The distal end 233 of the post 230 securely attaches the tubular section 232 to
the central body 231. In addition, an outer surface of the post 230 at the distal end 233
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may have a tapered or curved profile, and may further be arranged with a plurality of
grooves 235 that meet at a center of the outer surface of the distal end 233 and extend
radially outwards therefrom. A number of grooves 235 will generally correspond to a
number of radial projections 213 on the hub 210, and will align with and extend towards
the radial projections 213 when the post 230 is attached to the hub 210. Therefore, the
number of grooves 235 also corresponds to a number of commissure posts on the
prosthetic valve intended to be attached to the valve holder 200. In other embodiments,
other engagement features other than grooves that are capable of securely engaging

sutures that run over the distal end 233 of the post 230 can be used instead.

[0076] The post 230 also includes one or more extensions 236 that extend from the
distal end 233 toward the opposite end of the post 230. The embodiment shown includes
two extensions 236 located across from one another, and that correspond to the positions
of the detents 225 on the hub 210. The extensions 236 may be positioned radially from a
central axis of the post 230 at about a same distance as the tubular section 232, and may
be surrounded by other portions of the tubular section 232 on three sides. In some
embodiments, the extensions 236 may be formed, for example, by etching or forming
grooves in the tubular section 232. The extensions 236 are flexible, and can be elastically
urged or flexed radially inwardly and/or outwardly. At free ends of the extensions 236,
one or more latching features can be constructed or formed. A first latching feature 237
on each extension 236 extends inwardly and is sized and shaped to engage the detents
225 on the hub 210, to stop proximal movement of the post 230 relative to the hub 210
when the components are connected to one another. A second latching feature 238 can
also be formed at the free end of each extension 236, and can be a radially outwardly
extending projection, or can simply be formed by a flat end face of each of the

extensions 236 that extends perpendicularly to the central axis of the post 230.

[0077] Fig. 15A shows a perspective view of the assembled valve holder 200 with a
cross-section showing interactions between the various parts or components. The valve
holder 200 in Fig. 15A is in a first, un-deployed, configuration, where the valve holder
200 has not yet been attached to a separate extension handle that can be used to help

maneuver the valve holder 200 and an attached prosthetic valve to the implant site.
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[0078] As can be seen in Fig. 15A, the post 230 has been attached to the hub 210,
where the tubular section 232 of the post 230 extends through the gaps 218 of hub 210,
while the central body 231 extends through the bore 222 of hub 210. Here, the first
latching features 237 latch in the detents 225, to prevent further proximal movement of
the post 230 relative to the hub 210. This latching also temporarily holds the post 230 at
the un-deployed configuration and also restricts distal motion relative to the hub 210, so
that the valve holder 200 can be held in the un-deployed position, for example, during
manufacturing, shipping, unpacking, prior to being attached to a prosthetic valve, etc.
This hold can be overcome by a distal pressure on the post 230, as will be discussed in
greater detail below. In this position, the distal end 233 of the post substantially aligns
with, or generally does not protrude or only protrudes marginally from, a distal end of
the first portion 211 of the hub 210, which also represents a distal end of the entire hub
210. In addition, the respective proximal ends of the hub 210 and the post 230, may also
be substantially aligned. Meanwhile, central body 231 of the post 230 extends entirely
through the first region 223 of the bore 222 of the hub 210 and may also extend at least
partially into the second region 224 of the bore 222.

[0079] Fig. 15B provides an image showing the valve holder 200 in the first, un-
deployed position and attached to a prosthetic valve via a series of sutures or other
flexible material or attachment mechanism. The valve holder 200 connects to, and may
extend partially into, an inflow side of the prosthetic valve, while the radial projections
213 on the hub 210 provide a surface on which the prosthetic valve rests and limit how
far the valve holder 200 can be advanced therein. The connection sutures are looped or
otherwise connected through the apertures 214 on the projections 213, and extend
through the sewing ring or other portion of the base of the valve stent and then over or
through the tips of the commissure posts of the prosthetic valve. The sutures are then
extended radially inward from the ends of the commissure posts over the outflow end of
the prosthetic valve to a central flow axis of the prosthetic valve. The sutures are then
criss-crossed, interwoven, or otherwise engage with one another at the central flow axis,
so that the segments of sutures converge or cross at the central flow axis, spaced apart

axially from the leaflets and other portions of the prosthetic valve. This convergence
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point or crossing region provides an area at which the distal end 233 of the post 230 can
contact all of the suture segments simultaneously, in order to shift or move the suture
segments, and to consequently control the positioning or orientation of the commissure

posts respectively connected to each of the suture segments.

[0080]  Fig. 16A shows a perspective view of the valve holder 200 with a cross-
section showing the interactions between the various parts. The valve holder 200 in Fig.
16A has been moved from the un-deployed configuration shown in Fig. 15A to a second,
deployed configuration, where the post 230 has been pushed or urged axially in a distal
direction relative to the hub 210, so that when the valve holder 200 is in the deployed
position, the post 230 extends distally from the distal end of the hub 210 by a significant
amount, for example, by more than half of the axial length of the post 230 as illustrated
in Fig. 16A. In other embodiments, the post 230 can extend more or less than in the
illustrated embodiment when in the deployed position, depending for example on the size
of the prosthetic valve and/or the amount of deflection of the commissure posts that is
desired. The displacement of the post 230 relative to the hub 210 can be effected by an
external distal force that is applied to the post 230. This force can be applied to the free
end of the central body or plunger 231 of the post 230, for example, by a separate
extension handle (not shown) to which the valve holder 200 can be connected. Such
handles are already readily used by practitioners to help maneuver existing prosthetic

valve and valve holder assemblies to implant sites.

[0081] A distal end of such an extension handle can be inserted through a proximal
end of the bore 222 of the hub 210 to contact the central body 231 of the post 230. Here,
the distal end of the handie is threaded with threads corresponding to the threads on the
first region 223 of the bore 222, while as discussed earlier, the second region 224 of the
bore 222 is unthreaded and is wider than the first region 223 of the bore 222. Therefore,
even if the proximal end of the handle is not exactly aligned with the bore 222 during
initial insertion, the second region 224 acts as an integrated guide on the valve holder
200 that facilitates easier guiding and more precise alignment of the proximal end of the
handle with the bore 222. The second region 224 can also act as a thread guide, so that
the respective threads of the proximal end of the handle and the first region 223 of the
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bore 230 will be aligned when they eventually engage, thereby preventing potential
occurrences of cross-threading, as well as avoiding damage to the threaded surfaces

and/or for example, creation of loose plastic fragments or particles.

[0082] The distal end or tip of the handle also provides an abutting surface, such that
linear or axial advancement or displacement of the handle through the bore 222 will push
the central body 231 of the post 230 distally relative to the hub 210, so that the distal end
233 of the post 230 extends distally past the distal end of the hub 210, as previously
discussed. An end user can apply an increasing axial force or pressure on the central
body 231 of the post 230 with the handle until the pressure overcomes the retention force
between the latches 237 and the detents 225. In this manner, the latches 237 can be
dislodged or disengaged from detents 225, for example, by deflecting the extensions 236
outwards and advancing the first latches 237 over distal ridges of the detents 225.
Thereafter, the post 230 can be displaced further distally relative to the hub 210, until the
threaded handle reaches and engages the threaded first region 223 of the bore 222. Then,
the handle can be threaded into the first region 223 to fully connect the handle to the
valve holder 200 and to displace the post 230 further to its final deployed position.

[0083] In some embodiments, for example, as can be seen in Figs. 15A and 16A, an
inner wall of the hub 210 causes a slight inward deflection of the extensions 236 during
further distal displacement of the post 230. Then, upon sufficient displacement of post
230, the extensions 236 will pass this inner wall in the distal direction and will expand
slightly radially outwardly, and the second latching features 238 on extensions 236 will
engage a corresponding surface or abutting feature on hub 210, to hold the valve holder
200 in the deployed configuration. In the embodiment disclosed, the distal end of the hub
210 forms this abutting surface, but in other embodiments, the abutting surface can

instead be, for example, an internal surface of the hub 210.

[0084]  Fig. 16B is an image showing the valve holder 200 connected to a prosthetic
valve and actuated by an extension handle that is connected to the second portion 221 of
hub 210, and where the valve holder 200 is held in the second, deployed configuration.
As discussed above, in the deployed configuration, the distal end 233 of the post 230
extends distally from the distal end of the hub 210. When the valve holder 200 is
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attached to the prosthetic valve and in the deployed configuration, as shown, the post 230
displaces the valve leaflets and extends through the outflow end of the valve. The distal
end 233 of the post 230 engages the sutures at the suture crossing region that is aligned
with the central flow axis of the valve, as previously described, and pushes or displaces
the crossing region of the sutures distally away from the prosthetic valve. The axial
forces resulting from the torque applied to the connected handle when the handle is
screwed into the bore 222 of the hub 210 and pushes against the central body 231 of post
230 can overcome the tension on the sutures in order to displace the sutures. This
displacement of the suture crossing region by the post 230 results in the sutures forming
a tent-like or umbrella configuration extending distally from the prosthetic valve. The
tension from the axial displacement of the sutures, in turn, pulls or deflects the

commissure posts of the prosthetic valve inward as well.

[0085] Once the valve holder 200 has been adjusted to the deployed configuration
with the prosthetic valve attached, as described above, the practitioner can then use the
attached handle to maneuver the valve holder 200 and prosthetic valve to the implant
site, and can further attach the prosthetic valve to the native valve annulus, for example,
by tying or otherwise applying suture knots between the sewing ring and the native
annulus. During the advancement of the prosthetic valve to the implant site, the
commissure posts are deflected inwardly, so that occurrences of suture looping or other

entanglement of sutures with the commissure posts are reduced or eliminated.

[0086] Furthermore, the sutures themselves also form additional angled surfaces that
slope outwardly from the central posts to the commissure posts when they are arranged
in the tent-like state while in the deployed configuration. The angled sutures also serve to
deflect any other sutures or obstructions that the prosthetic valve might engage or
encounter away from the valve during advancement to or attachment at the implant site.
Together, each of the angled sutures and corresponding angled commissure posts form a
continuous track that can radially deflect most, if not all, obstructions away from the
assembly. This arrangement effectively prevents entanglement or other damage to the
prosthetic valve during implantation, even for procedures where the prosthetic valve is

advanced to the native valve annulus from the inflow side of the native valve, and where
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the commissure posts of the prosthetic valve are pointed distally during advancement and

are obstructed or blocked from the view of the surgeon or practitioner.

[0087] After the prosthetic valve has been securely attached at the implant site, the
sutures attaching the valve holder 200 to the prosthetic valve can be untied or cut, to
release the valve from the valve holder 200 and to allow the prosthetic valve to return to
its original shape. The valve holder 200 can then be removed from the implant site and

the fully implanted valve.

[0088] In the embodiment described, actuation of the valve holder 200 is simplified,
since adjustment of the valve holder 200 to the deployed configuration involves only
attachment of the handle, which is a step that is already performed by the practitioner
when implanting existing prosthetic valves, and since a same number of turns needed to
fully connect the handle will also automatically actuate or deploy the valve holder 200.
Therefore, the practitioner does not need to learn or perform any additional steps to
properly deploy and use the valve holder 200, thereby reducing the possibility of user

CITOr.

[0089] Meanwhile, unlike the valve holder 100 discussed above with respect to Figs.
3 to 10B, the valve holder 200 only utilizes the distal motion of the post 230 relative to
the hub 210 to adjust the valve holder 200 to the deployed position (without, for
example, movement of any arms, efc.), and therefore does not include any additional
sutures between respective components of the valve holder 200. Therefore, some
embodiments of the valve holder 200 may only include two parts, while the only sutures
used with the valve holder 200 are those that connect the valve holder 200 to the
prosthetic valve and that effect the positioning or distraction of the commissure posts of
the valve. Additional sutures may still be incorporated in alternative embodiments, for
example, for detaching the second portion 221 of the hub 210 from the rest of the valve
holder 200, as will be discussed in greater detail below. In any case, the valve holder 200
can be constructed to be similar in size to currently existing valve holders, and since the
valve holder 200 has a reduced number of parts, and since the design and construction
are kept simple, manufacturing costs can also be kept low, for example, comparable to

that of currently existing valve holders.
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[0090] In different embodiments, the handle may be detached from the valve and
valve holder assembly at different points during the valve implantation process. For
example, in embodiments where the valve holder does not include a second latching
feature 238, the handle may have to remain attached to the valve holder 200 until it is
desired for the prosthetic valve to return to its original configuration, e.g., after the
prosthetic valve has been fully implanted at the implant site. In other embodiments,
where for example the second latching feature 238 is incorporated, the handle can be
detached right after, or even before, final advancement of the prosthetic valve to the
implant site, to provide additional space for the practitioner to apply additional suture
knots and/or other connections during final attachment of the prosthetic valve to the
native annulus, since the second latching feature 238 allows for the valve holder 200 to

be held at the deployed configuration even if the handle is detached.

[0091] To further accommodate easier removal of the handle from the valve holder
assembly, the hub of the valve holder can in some embodiments be constructed as two
separable pieces. Fig. 17 shows a perspective view of a portion of a valve holder for a
prosthetic valve according to a modified embodiment, where the valve holder has a hub
with a separable adapter portion. A hub 310 of a modified valve holder includes a main
hub body 311 and an adapter or insert 321. The adapter 321 can be constructed similarly
to all or part of the second portion 221 of the valve holder 200 discussed above, where
the adapter 321 also has a through bore with a threaded first region. Other embodiments
of the adapter 321 may be constructed differently and have different parts or portions,
but will generally house the threaded region where the handle attaches to the valve

holder, so that the threaded region is removable from the rest of the valve holder.

[0092] The adapter 321 is designed to easily mate with and detach from the main hub
body 311. For example, the main hub body 311 can include one or more vertical struts or
supports 317 similar to the supports 217 on the hub 210 discussed above. A distal end of
the adapter 321, meanwhile, may be constructed with cutouts 340 into which the
supports 317 can extend. In both embodiments with or without supports 317 and cutouts

340, other abutting surfaces or interlocking features (not shown) may also be integrated
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into the main hub body 311 and/or the adapter 321, to facilitate attachment between the

pieces and to define a held or assembled position therebetween.

[0093] In addition, the adapter 321 can include one or more apertures or other
features for attaching sutures. For example, in the embodiment shown in Fig. 17, the
adapter 321 includes two pairs of projections 341 with apertures. The projections 341 are
positioned circumferentially opposite to one another on an outer surface of the adapter
321. A pair of corresponding apertures are located near a base of each of the supports
317 on the main hub body 311. These apertures can be used to tie connection sutures on
cither side of the adapter 321 to the main hub body 311 to securely hold the respective
components together. When the connection sutures are untied or cut, the adapter 321 can
then be easily removed or detached from the main hub body 311. In other embodiments,
the apertures or other suture attachment features may be located on other parts of the

adapter 321 and/or the main hub body 311.

[0094] Embodiments with a removable adapter 321 as described above will also
include a second latching feature similar to the one described above with reference to the
valve holder 200 in Figs. 11 to 16B, which holds the valve holder in the deployed
position once it has been fully actuated. When the handie is connected to this modified
valve holder and the valve holder is held in the deployed position, the handle only
directly contacts the adapter 321 of the hub 310 (while the distal end or tip of the handle
may also still be abutting the central body or plunger of the post). Therefore, when it
becomes desirable to remove the handle, for example, after the handle has been used to
maneuver the prosthetic valve and valve holder assembly to the implant site, and before
the suture knots have been applied for final attachment of the prosthetic valve, the
connection sutures between the adapter 321 and the main hub body 311 can be severed,
and the handle can be removed together with the adapter 321. Removal of the handle and
adapter 321 may be advantageous, for example, to provide even more space for the
surgeon to finally adjust and/or attach the prosthetic valve at the implant site. In addition,
utilizing a separate removable adapter 321 in the manner described above simplifies the

removal process to only involving the cutting of sutures. This also eliminates the need to
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manually unthread or unscrew the handle from the valve holder, which may be

cumbersome or difficult, due for example, to space constraints in the operating room.

[0095] Figs. 18 to 22B show various views of another modified embodiment of a
valve holder with a separable adapter portion. Descriptions of parts and features that are

the same or similar to those in previously described embodiments will not be repeated.

[0096] Fig. 18 shows a perspective view of a valve holder 400, with a hub or holder
portion 410, an adapter 420, and a post 430. Similar to the embodiment described with
respect to Fig. 17, the adapter 420 in this embodiment is detachable from the hub 410.
However, unlike the main hub body 311 in Fig. 17 which includes the supports 317, the
hub 410 does not have any tall vertical struts or supports that extend proximally from the
rest of the hub 410. During an implantation procedure, after the adapter 420 (and the
connected holder) have been detached, additional annular sutures may still have to be
applied and knotted to firmly secure the prosthetic valve to the native valve annulus.
While removal of the adapter 420 and handle provides additional space for the surgeon
to apply and tie these additional sutures, any other projections or protrusions present can
still form obstacles that can cause tangling or catching when the annular sutures are
being tied down, and may lead to undesirable air knots that may compromise the
connection and/or function of the prosthetic valve. On the main hub body 311 in Fig. 17,

the most prominent of these possible obstructions are the supports 317.

[0097] Therefore, the hub 410 is designed without any such exterior struts or
supports, in an effort to make the proximal face of the hub 410 flatter, to reduce the
profiie of the hub 410, and to also reduce the possibility of any of the sutures tangling or
getting caught on the hub 410, or of air knots, when the prosthetic valve is tied down at

the implant site.

[0098] Meanwhile, while the supports in the previous embodiments may have also
served to support and/or guide the movement of the post relative to the hub, other
features can be added to the hub 410 and/or adapter 420 to replace the functionality of
the supports. For example, as can be seen in Fig. 19, projections or supports 412 can

instead be formed on an inner wall of an inner cavity 411 of the hub 410. In the
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embodiment shown, the inner cavity 411 provides sufficient space through which the
post 430 can move or translate axially. Meanwhile, the supports 412 are formed as flat
longitudinal projections that extend over the length of the inner cavity 411. Two
projections 412 arranged opposite to one another are shown in Fig. 19, but other
embodiments may only have one such support, or may have more than two supports, and
the supports may have any other shape, size, and/or length to help facilitate stability and
alignment of the post 430 when the post 430 is held in and moves through the inner
cavity 411 of the hub 410.

[0099] Additional changes can also be made to facilitate casier detachment of the
adapter 420 from the hub 410. Figs. 20A and 20B show an additional feature of the
modified valve holder 400 of Fig. 18, for simplifying the detachment of the adapter 420
from the hub 410. Referring back first to the valve holder in Fig. 17, the adapter 321 is
attached to the main hub body 311 via sutures that connect to the two supports 317.
Therefore, two suture connections are used to attach the adapter 321 to the main hub
body 311 in that valve holder embodiment, and detachment of the adapter 321 from the

main hub body 311 involves cutting both of the suture connections.

[0100] The design of the valve holder 400 instead allows for a secure connection of
the adapter 420 to the hub 410 via a single suture connection, such that removal of the
adapter 420 from the hub 410 requires cutting only that single suture connection, thereby

providing for a quicker and easier detachment process.

[0101] Absent any of the tall supports or struts found in earlier described
embodiments, the central region 414 of the proximal end of the hub 410 is substantially
flat, and a corresponding distal end surface 421 of the adapter 420 can also be made
substantially flat, so that the respective ends can rest and slide easily against one another.
The proximal end of the hub 410 further has an interlock feature 415 on one side. The
interlock feature 415 can be, for example, a projection with a groove or a cutout oriented
radially inwards towards a central axis of the hub 410, or can be any other shape, such as
a hook or latch, that can facilitate engagement of the adapter 420 on one side of the inner
cavity 411. On a side of the inner cavity 411 circumferentially opposite to the interlock

feature 415, an aperture or other engagement feature 416 can be incorporated into the
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hub 410. In the embodiment shown, the engagement feature 416 is formed as one or

more through bores that extend axially through the hub 410.

[0102] Meanwhile, a complementary interlock feature 422 is formed on the adapter
420 to engage the interlock feature 415 on the hub 410. In the embodiment shown, the
interlock feature 422 is formed as a radial projection at the distal end surface 421 of the
adapter 420 that is sized and shaped to fit into the groove in the interlock feature 415 on
the hub 410. The respective flat surfaces on the hub 410 and the adapter 420 allows for
easy sliding engagement between the respective interlock features 415, 422 when the
adapter 420 is being attached to the hub 410, as well as easy sliding disengagement when
the adapter 420 is detached from the hub 410.

[0103] On a side opposite the interlock feature 422, the adapter 420 has another
projection 423 that projects radially outwardly from the tubular body of the adapter 420.
The projection 423 is relatively narrow in width, and connects to a relatively wider foot
region 424 that is positioned further radially outwardly. An aperture or other engagement
feature 425 is formed on either the projection 423 or the foot region 424, at a position
corresponding to the engagement feature 416 on the hub 410 when the interlock features
415, 422 are engaged. In this embodiment, the engagement feature 425 is formed as one
or more through bores that align with the through bores 416 on the hub 410. The through
bores 416, 425 collectively form one or more channels that can be used for the suture tie
down which connects the adapter 420 to the hub 410. As can best be seen in Fig. 20A, an
additional projection and/or recess 426 can be formed on the adapter 420 over which the
suture connection extends. The recess 426 can provide an easy access point at which the

suture connection can be cut when removal of the adapter 420 is desired.

[0104] When the adapter 420 is connected to the hub 410, the tubular body of the
adapter 420 is aligned along the central axis of the hub 410, and is positioned coaxially
with the inner cavity 411. A width or diameter of the tubular body of the adapter 420 is
smaller than a width or diameter of the inner cavity 411, such that a circumferential gap
is formed between the hub 410 and the adapter 420. In this manner, the tubular portion of
the post 430 can extend through the gap and over the tubular body of the adapter 420. In

this position, the interlock feature 422, formed as the projection, extends across the gap
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to connect the adapter 420 to the hub 410 on one side, while the projection 423 extends
across the gap to connect the adapter 420 to the hub 410 on the opposite side. The
positioning of the wider foot region 424 away from the tubular body of the adapter 420
exposes a narrower portion of the projection 423 therebetween, so that the width of the
projection 423 that covers or extends over the gap can be minimized to allow additional
space for the post 430 to move. Meanwhile, the wider foot region 424 forms a planar
connection over an increased surface area between the hub 410 and the adapter 420, to

provide for a more stable or secure connection between the respective parts.

[0105] As discussed above, removal or detachment of the adapter 420 from the hub
410 with this design involves only a single suture cut, for example, at the recess 426, and
then sliding of the projection 422 out of the groove 415. The design features of the
respective components also provide for a secure connection between the parts prior to

removal of the adapter 420.

[0106] Meanwhile, a cunrent technique for sewing or otherwise connecting a valve to
a valve holder prior to implantation involves connecting the prosthetic valve to a distal
end of the valve holder while a separate fixture post and a metal pin that is supported by
the fixture post is positioned on or through the hub of the valve holder. An example of
such a fixture post and metal pin assembly interacting with a valve holder and a
prosthetic valve is shown in Fig. 21A. When the prosthetic valve is placed on the distal
end of the valve holder, the metal pin, and in some cases part of the fixture post, will
extend distally through the outflow end of the valve. The prosthetic valve is then
connected to the distal end of the valve holder, and the metal pin provides a tool or
access point around which the sutures that run over the outflow end of the prosthetic
valve can be criss-crossed or interwoven to form the suture crossing region that the post
will deflect when the valve holder is in the deployed configuration. However, the valve
holder 200 described with reference to Figs. 11 to 16B is assembled by also inserting the
post 230 from the distal end of the hub 210. Therefore, the post 230 must be assembled
to the hub 210 prior to attachment of the prosthetic valve, since if the valve is attached to
the hub 210 first, then the attached prosthetic valve would block and prevent the
insertion of the post 230. However, if the post 230 is attached to the valve first, then the
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post 230 will interfere with the attachment of the fixture post and/or the metal pin that
are used to facilitate attachment of the prosthetic valve. As such, it may be difficult or

impossible to attach a prosthetic valve to the valve holder 200 using the above technique.

[0107] Fig. 21B is a perspective view of the distal end of the valve holder of Fig. 18,
where the post 430 has been modified to hold the metal pin described above for attaching
the prosthetic valve to the valve holder. As can be seen in Fig. 21B, the distal end of the
post 430 has grooves 431 that are used to engage the sutures that run over the prosthetic
valve at the crossing region, which can be similar to the grooves formed on the posts of
other valve holders described in earlier embodiments. In addition, a separate axially
extending hole 432 is also formed at the distal end of the post 430. The hole 432 is
positioned along at central axis of the post 430, and is sized to receive and to securely
hold the metal pin described above during attachment of a prosthetic valve to the valve
holder 400. Therefore, the post 430 can be assembled to the hub 410 prior to attaching
the prosthetic valve to the valve holder 400, and the metal pin can then be inserted into
the hole 432 on the post 430 to facilitate attachment of the valve. In this manner, the
prosthetic valve can be attached to the valve holder 400 using a similar technique to the
existing technique described above, while eliminating the need for a separate fixture

post.

[0108] Another potential issue that can arise with the valve holder 200 in Figs. 11 to
16B is that, while the second latching feature between the respective parts holds the
valve holder 200 in the deployed configuration and generally prevents proximal
movement of the post 230 relative to the hub 210, the second latching feature does not
further prevent distal movement of the post 230 relative to the hub 210. Distal movement
of the post 230 is instead prevented by the suture crossing region at the outflow end of
the prosthetic valve pushing against the distal end of the post 230. However, afier the
prosthetic valve is implanted, and the valve holder 200 is disconnected from the
prosthetic valve and removed from the implant site, for example, by cutting the sutures
connecting the valve to the valve holder 200, the pressure applied by the sutures on the
distal end of the post 230 is also released, and there is no longer any force preventing the

post 230 from falling out of or otherwise detaching distally from the hub 210. In this
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case, the post 230 can inadvertently damage the implanted valve when the components
detach, or in a worst case scenario, the post 230 may be inadvertently left behind at the

implant site.

[0109] Figs. 22A and 22B schematically show features that can be added to the post
and/or the hub of the modified valve holder of Fig. 18, to prevent the post from falling
out of the distal end of the hub. Fig. 22A is an enlarged perspective view showing a
proximal end of the post 430, where one or more flanges 434 is added to the proximal
end of the post 430. The flanges 434 can be formed as projections that extend radially
outwardly from other portions of the post 430, and can for example, be integrally molded
when the post 430 is formed, or can for example, be attached to the post 430 by
ultrasonic welding. A surface of the flanges 434 facing away from the proximal end of
the post 430 can provide an abutment against distal movement of the post 430 at certain
positions relative to the hub 410. For example, the flanges 434 can abut against a
complementary abutting surface (not shown) on the hub 410 when the valve holder 400
is in the deployed position, so that when the prosthetic valve is detached from the valve
holder, the flanges 434 on post 430 and corresponding surfaces on the hub 410 prevent
the post 430 from detaching distally from the hub 410.

[0110] Fig. 22B shows a perspective view of the modified valve holder of Fig. 18
with another modified feature of post 430. In various different embodiments, the
modifications shown in Fig. 22B can be incorporated into the valve holder 400 in
addition to, or in lieu of, flanges 434 on post 430 shown in Fig. 22A. In the valve holder
400 shown in Fig. 22B, the hub 410 and post 430 are configured such that the post 430
can be loaded or attached to the hub 410 from the proximal or inflow side (e.g., before
attachment of the adapter 420 to the hub 410). To facilitate proximal loading of the post
430, the hub 410 can be modified so that the longitudinally extending supports 412 in the
inner cavity 411 of hub 410 are removed, and instead, one or more longitudinal
alignment grooves 418 can be formed in their place, where the grooves 418 would not
impede or block movement of the post 430 through the inner cavity 411. Meanwhile, one
or more longitudinally extending tongues 436 can be formed on an outer surface of the

post 430 to extend into the grooves 418 when the post 430 is assembled to the hub 410,
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where the tongues 436 and grooves 418 guide movement between the hub 410 and the
post 430.

[0111] In addition to the above modifications, one or more stops can then also be
added to the post 430 to limit the distal advancement of the post 430 relative to the hub
410. For example, flanges 434 similar to those described with respect to Fig. 22A above
can be incorporated into the post 430 to prevent further distal movement or falling out of
the post 430 when the valve holder 400 is in the deployed configuration, or other flanges
can instead be added to other parts of the post 430. Having projections or protrusions on
the post 430 may impede or block loading of the post 430 in designs where the post 430
is assembled from the distal end of the hub 410. However, modifying the valve holder
400 as shown in Fig. 22B, so that the post 430 can be loaded proximally into the hub
410, allows for more flexibility in providing flanges or other outwardly extending
features on the post 430 to limit the proximal motion of the post 430, since such features
will not impede the assembly of the post 430 through the hub 410.

[0112] The additional features discussed above, such as the groove 418, the flanges
434, the tongues 436, or any other stops, projections, or grooves that are formed on either
the hub 410 or the post 430, can be easily integrally formed on or in its respective
component. For example, each of the features discussed above can be injection molded
when the respective components themselves are formed, so that additional processes
such as welding or other bonding of parts may not be needed to form the modified
components. In other embodiments, however, it may still be desirable or easier to first
manufacture parts of one or more of the components separately, and then to weld or

otherwise attach the parts of the component or components together thereafter.

[0113] Fig. 23 shows a cross-sectional view of a portion of another modified version
of the valve holder of Fig. 18. The valve holder of Fig. 23 has modified latching features
for holding the vale holder in the undeployed position. In Fig. 23, the first latching
features 428 of the valve holder are located on the removable tubular adapter 420, and
are formed as projections. The projections 428 on the adapter 420 engage grooves 438
that are formed on the tubular portion of post 430. The tubular portion of the post 430
can be formed similarly to the tubular portion of the post 230 described with respect to

Date Regue/Date Received 2023-08-10



-37 -

carlier embodiments, where diametrically opposite longitudinal extensions 439 are
formed with second latching features 440 at the free ends thereof. The second latching
features 440 can later be used to hold the post 430 at the deployed position relative to the
hub 410. Meanwhile, rather than also forming the first latching features at the free ends
of the extensions 439, inner surfaces of the free ends of the extensions 439 are flat or
cylindrical, and spaces formed between the extensions 439 and the rest of the tubular
portion provide the grooves 438 into which the projections 428 on the adapter 420 latch.
Here, when the valve holder moves from the undeployed position to the deployed
position, the post 430 moves distally relative to the hub 410 and the adapter 420, and the
projections 428 disengage from the grooves 438. The projections 428 may then force the
free ends of the tubular portion of the post 430 slightly radially outwards, or the adapter
420 itself slightly radially inwards, or both, until the entire post 430 moves distally past
the projections 428 and further towards the deployed position.

[0114] Embodiments of the valve holder can be modified as seen in Fig. 23, or in
various other ways, to provide more manufacturing friendly designs. For example, the
ends of the extensions 439 on the post 430 in Fig. 23 are easier to manufacture, because
the inner radius of the entire tubular portion of the post 430 can be manufactured to have
a generally uniform cylindrical shape, without the need to maintain or form any inwardly
extending projections, while additional grooves on the adapter 420, to accommodate any

such inwardly extending projections would also no longer be necessary.

[0115] In other alternative embodiments, various different features from the different
embodiments discussed above can also be combined into a single modified valve holder.
In addition, various other modifications or alternative configurations can also be made to

the valve holder according to the above described embodiments of the invention.

[0116] For purposes of this description, certain aspects, advantages, and novel
features of the embodiments of this disclosure are described herein. The disclosed
methods, apparatus, and systems should not be construed as being limiting in any way.
Instead, the present disclosure is directed toward all novel and nonobvious features and
aspects of the various disclosed embodiments, alone and in various combinations and

sub-combinations with one another. The methods, apparatus, and systems are not limited
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to any specific aspect or feature or combination thereof, nor do the disclosed
embodiments require that any one or more specific advantages be present or problems be

solved.

[0117]  Although the operations of some of the disclosed embodiments are described
in a particular, sequential order for convenient presentation, it should be understood that
this manner of description encompasses rearrangement, unless a particular ordering is
required by specific language set forth below. For example, operations described
sequentially can in some cases be rearranged or performed concurrently. Moreover, for
the sake of simplicity, the attached figures may not show the various ways in which the
disclosed methods can be used in conjunction with other methods. Additionally, the
description sometimes uses terms like “provide” or “achieve” to describe the disclosed
methods. These terms are high-level abstractions of the actual operations that are
performed. The actual operations that correspond to these terms can vary depending on
the particular implementation and are readily discernible by one of ordinary skill in the

art.

[0118] In view of the many possible embodiments to which the principles of the
disclosure can be applied, it should be recognized that the illustrated embodiments are
only preferred examples and should not be taken as limiting the scope of the disclosure.

Rather, the scope of the disclosure is defined by the following claims.

Date Regue/Date Received 2023-08-10



-30.

WHAT IS CLAIMED IS:

1. A valve holder configured to be attached to a delivery handle and to a prosthetic
heart valve comprising a plurality of commissure posts and a plurality of flexible leaflets
connected to the commissure posts, the valve holder comprising:

a body having a first end, a second end, and a central axis extending between the
first and second ends, the body comprising a first portion at the first end
and a second portion at the second end with an outer width that is smaller
than an outer width of the first portion, wherein a coaxial bore extends
through the body, and wherein a first region of the bore has an
engagement portion for engaging the delivery handle;

a plurality of arms connected to the first portion of the body and extending
axially from the first portion towards the second end of the body;

a plunger positioned in the bore of the body, wherein a first portion of the plunger
is configured to extend at least partially into the first region of the bore;
and

a plurality of sutures respectively connected between each arm and the plunger;

wherein in a first configuration, the plunger is at a first position where the first
portion of the plunger extends into the first region of the bore, the sutures
extend substantially radially from the plunger to respective ones of the
arms, and free ends of the arms are positioned at a first radial distance
from the central axis of the body; and

wherein in a second configuration, the plunger is at a second position closer to
the second end of the body, at least part of the sutures are displaced by the
plunger towards the second end of the body, and the arms are pivoted
radially inwardly by the sutures such that the free ends of the arms are
positioned at a radial distance from the central axis of the body that is less
than the first radial distance to inwardly deflect commissure posts of the

prosthetic heart valve that are attached to free ends of the arms.
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2. The valve holder of claim 1, wherein the valve holder comprises three arms and

three respective sutures connecting the arms to the plunger.

3. The valve holder of claim 1 or 2, wherein the body and the arms are monolithic.

4. The valve holder of one of claims 1 to 3, wherein the first region of the bore has a
first width, wherein the bore further has a second region between the first region and the
second end of the body with a second width greater than the first width, and wherein an
abutment is formed between the first and second regions of the bore, the abutment

forming a stop to restrict movement of the plunger towards the first end of the body.

5. The valve holder of one of claims 1 to 4, wherein the second portion of the body
has longitudinal slits arranged circumferentially at positions corresponding to positions
of the arms, and wherein the sutures connecting the arms to the plunger extend through

the slits.

6. The valve holder of one of claims 1 to 5, wherein each of the arms has one or
more attachment portions for attaching additional sutures between the arms and

respective ones of the commissure posts of the prosthetic heart valve.
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