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Description

Cross-Reference to Related Applications

[0001] This application claims priority under 35 U.S.C.
§119(e)(1) to U.S. Provisional Patent Application Serial
No. 61/328,230, filed April 27, 2010, entitled "Transcath-
eter Prosthetic Heart Valve Delivery Device with Passive
Trigger.

Background

[0002] The present disclosure relates to systems, de-
vices, and methods for percutaneous implantation of a
prosthetic heart valve. More particularly, it relates to de-
livery systems, devices, and methods for transcatheter
implantation of a stented prosthetic heart valve.
[0003] Diseased or otherwise deficient heart valves
can be restored, repaired or replaced with an implanted
prosthetic heart valve. The terms "repair," "restore," and
"replace" are used interchangeably throughout this spec-
ification, and reference to "restoring" a defective heart
valve is inclusive of implanting a prosthetic heart valve
that renders the native leaflets non-functional, or that
leaves the native leaflets intact and functional. Conven-
tionally, heart valve replacement surgery is an open-
heart procedure conducted under general anesthesia,
during which the heart is stopped and blood flow is con-
trolled by a heart-lung bypass machine. Traditional open
surgery inflicts significant patient trauma and discomfort,
and exposes the patient to a number of potential risks,
such as infection, stroke, renal failure, and adverse ef-
fects associated with the use of the heart-lung bypass
machine, for example.
[0004] Due to the drawbacks of open-heart surgical
procedures, there has been an increased interest in min-
imally invasive and percutaneous replacement of cardiac
valves. With percutaneous transcatheter (or translumi-
nal) techniques, a valve prosthesis is compacted for de-
livery in a catheter and then advanced, for example,
through an opening in the femoral artery and through the
descending aorta to the heart, where the prosthesis is
then deployed in the annulus of the valve to be restored
(e.g., the aortic valve annulus). Although transcatheter
techniques have attained widespread acceptance with
respect to the delivery of conventional stents to restore
vessel patency, only mixed results have been realized
with percutaneous delivery and implantation of the more
complex prosthetic heart valve.
[0005] Various types and configurations of prosthetic
heart valves are available for percutaneous valve re-
placement procedures, and continue to be refined. The
actual shape and configuration of any particular tran-
scatheter prosthetic heart valve is dependent to some
extent upon the native shape and size of the valve being
replaced (i.e., mitral valve, tricuspid valve, aortic valve,
or pulmonary valve). In general, prosthetic heart valve
designs attempt to replicate the functions of the valve

being replaced and thus will include valve leaflet-like
structures. With a bioprostheses construction, the re-
placement valve may include a valved vein segment that
is mounted in some manner within an expandable stent
frame to make a valved stent (or "stented prosthetic heart
valve"). For many percutaneous delivery and implanta-
tion devices, the stent frame of the valved stent is made
of a self-expanding material and construction. With these
devices, the valved stent is crimped down to a desired
size and held in that compressed arrangement within an
outer delivery sheath, for example. Retracting the sheath
from the valved stent allows the stent to self-expand to
a larger diameter, such as when the valved stent is in a
desired position within a patient. In other percutaneous
implantation devices, the valved stent can be initially pro-
vided in an expanded or uncrimped condition, then
crimped or compressed on a balloon portion of catheter
until it is as close to the diameter of the catheter as pos-
sible. The so-loaded balloon catheter is slidably disposed
within an outer delivery sheath. Once delivered to the
implantation site, the balloon is inflated to deploy the
prosthesis. With either of these types of percutaneous
stented prosthetic valve delivery techniques, convention-
al sewing of the prosthetic heart valve to the patient’s
native tissue is typically not necessary.
[0006] It is imperative that the stented prosthetic heart
valve be accurately located relative to the native annulus
immediately prior to full deployment from the catheter as
successful implantation requires the prosthetic heart
valve intimately lodge and seal against the native annu-
lus. If the prosthesis is incorrectly positioned relative to
the native annulus, serious complications can result as
the deployed device can leak and may even dislodge
from the native valve implantation site. As a point of ref-
erence, this same concern does not arise in the context
of vascular stents; with these procedures, if the target
site is "missed," another stent is simply deployed to
"make-up" the difference.
[0007] To carefully and safely deploy a transcatheter
prosthetic heart valve, a clinician can employ imaging
technology to evaluate the location of the prosthesis im-
mediately prior to deployment. Along these lines, one
desirable transcatheter prosthetic heart valve implanta-
tion technique entails partially deploying a distal region
of the prosthesis from the delivery device and then eval-
uating a position of the deployed distal region relative to
the native annulus. The clinician may further desire the
ability to resheath or recapture the partially deployed re-
gion for subsequent repositioning of the prosthesis. Re-
gardless, in the partially deployed state, the proximal re-
gion of the prosthetic heart valve must remain coupled
to the delivery device. While, in theory, retaining a par-
tially deployed prosthetic heart valve to the delivery de-
vice is straightforward, in actual practice the constraints
presented by the stented prosthetic heart valve render
the technique exceedingly difficult. In particular, the de-
livery device must not only securely retain the prosthetic
heart valve in the partially deployed state, but also must
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consistently operate to release the prosthetic heart valve
when full deployment is desired.
[0008] A stented heart valve is purposefully designed
to rigidly resist collapsing forces once deployed so as to
properly anchor itself in the anatomy of the heart. Thus,
the delivery device component (e.g., outer delivery
sheath) employed to retain the prosthesis in a collapsed
arrangement must be capable of exerting a significant
radial force. Conversely, this same component cannot
be overly rigid so as to avoid damaging the transcatheter
heart valve during deployment. Further, the aortic arch
must be traversed with many percutaneous heart valve
replacement procedures, necessitating that the delivery
device provide sufficient articulation attributes. To meet
these constraints, the outer delivery sheath typically in-
corporates a circumferentially rigid capsule, and a cou-
pling structure is disposed within the delivery sheath for
temporarily capturing the stented valve. While viable,
conventional delivery device designs robustly engage
the prosthetic heart valve within the capsule; this robust
engagement facilitates the partial deployment technique
described above, but the prosthetic heart valve may un-
desirably catch on the inner engagement structure when
full deployment is intended and/or numerous, complex
components are required to ensure complete deploy-
ment. Further, clinicians prefer that a significant portion
of the prosthetic heart valve be exposed/expanded in the
partially deployed state (e.g., the inflow region and at
least a portion of the outflow region of the prosthesis).
Unfortunately, existing delivery device designs cannot
consistently meet this preference. US 2010/0049313 de-
scribes a prosthetic heart value and delivery apparatus.
[0009] In light of the above, a need exists for heart valve
replacement systems and corresponding stented tran-
scatheter prosthetic heart valve delivery devices and
methods that satisfy the constraints associated with per-
cutaneous heart valve implantation and permit consistent
partial and full deployment of the prosthesis.

Summary

[0010] Some aspects in accordance with principles of
the present disclosure relate to a delivery device for per-
cutaneously deploying a stented prosthetic heart valve.
The prosthetic heart valve has a stent frame to which a
valve structure is attached. The delivery device includes
a delivery sheath, an inner shaft assembly, and a release
assembly. The delivery sheath terminates at a distal end
and defines a lumen. The inner shaft assembly is slidably
disposed within the lumen and includes an engagement
structure configured to selectively engage a prosthetic
heart valve. The release assembly is disposed between
the delivery sheath and the inner shaft assembly, and
defines a central longitudinal axis. Further, the release
assembly includes a base, a retraction member, a re-
lease member, and a retention member. The base is cou-
pled to the inner shaft assembly proximal the engage-
ment structure. The retraction member extends distal the

base and is configured to self-retract in longitudinal
length from an expanded condition to a normal, retracted
condition. The release member extends distal the retrac-
tion member, and is configured to self-expand in radial
projection relative to the central axis from a compressed
condition to a normal, expanded condition. Finally, the
retention member is located distal the release member.
With this construction, the device is configured to provide
a delivery state and a deployment state. In the delivery
state, the distal end of the delivery sheath is distal the
retention member, with the release member in the com-
pressed condition and the retraction member in the ex-
tended condition. In the deployment state, the distal end
of the delivery sheath is proximal the release member,
permitting the release member to self-transition to the
normal, expanded condition. Further, the retraction
member is permitted to self-transition to the normal, re-
tracted condition. Thus, the release assembly effectively
"senses" proximal retraction of the delivery sheath via
self-transitioning of the release member, and, in turn,
causes the retraction member to move proximally (via
allowed firing of the retraction member) to effectuate re-
lease of a loaded prosthetic heart valve. In some embod-
iments, the retention member is a linear spring, such as
a spiral-cut metal tube. In other embodiments, the re-
lease member is a deflection arm having a fixed end, a
free end, and an intermediate portion imparted with a
memory set curved shape. In related embodiments, the
inner shaft assembly forms a notch sized to receive the
free end in the compressed condition of the release mem-
ber. In yet other embodiments, two release member de-
flection arms are provided with the release assembly.
[0011] Yet other aspects in accordance with principles
of the present disclosure relate to a system for restoring
(e.g., replacing) a defective heart valve of a patient. The
system includes a prosthetic heart valve and the delivery
device as described above. The prosthetic heart valve
has a stent frame and a valve structure attached to the
stent frame. Further, the stent frame includes a proximal
region forming at least one post. In a loaded mode of the
system, the prosthetic heart valve is contained between
the delivery sheath and the inner shaft assembly. Further,
the retraction member is forced to the extended condition
to position the retention member over the engagement
structure, with the post being slidably coupled to the en-
gagement structure via the retention member. In a de-
ployment mode of the system, the delivery sheath is prox-
imally withdrawn from the prosthetic heart valve and the
release member, permitting the release member to self-
transition to the expanded condition and the retraction
member to self-retract to the retracted condition. As a
result, the retention member is withdrawn from over the
post to permit the prosthetic heart valve to deploy from
the inner shaft assembly. In some embodiments, the de-
livery device is further transitionable from the deployment
mode to a removal state following deployment of the pros-
thetic heart valve, the removal state including the distal
end of the delivery sheath being distal the release mem-
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ber to force the release member to the compressed con-
dition and the retraction member maintaining the retract-
ed condition. In the removal state, then, the delivery de-
vice assumes a low profile for ready removal from the
patient.
[0012] Yet other aspects in accordance with principles
of the present disclosure relate to a method of percuta-
neously deploying a stented prosthetic heart valve to an
implantation site. The method includes receiving a deliv-
ery device loaded with a radially expandable prosthetic
heart valve having a stent frame to which a valve structure
is attached. The delivery device includes a delivery
sheath containing the prosthetic heart valve in a com-
pressed arrangement over an inner shaft assembly in a
delivery state of the device. Further, the delivery device
includes a release assembly having a base, a retraction
member, a release member, and a retention member.
The base is coupled to the inner shaft assembly. The
retraction member extends distal the base and is forced
to an extended condition. The release member extends
distal the retraction member and is forced to a com-
pressed arrangement in which the release member en-
gages the inner shaft assembly to retain the retraction
member in the extended condition. The retention mem-
ber extends distal the release member and is disposed
over a post of the prosthetic heart valve. The prosthetic
heart valve is delivered in the compressed arrangement
through a bodily lumen of a patient and to the implantation
site via the delivery device in the delivery state. The de-
livery sheath is proximally retracted from the prosthetic
heart valve and the retention member. The post is per-
mitted to release from the engagement structure includ-
ing the release member self-transitioning to a normal,
expanded condition and the retraction member self-re-
tracting to a relaxed, retracted condition to proximally
withdraw the retention member from the post. With this
technique, the separate release and retraction members
independently provide sheath sensing and retraction
functions, minimizing possible malfunctions of the re-
lease assembly.

Brief Description of the Drawings

[0013]

FIG. 1A is a side view of a stented prosthetic heart
valve useful with systems, devices, and methods of
the present disclosure and in a normal, expanded
arrangement;

FIG. 1B is a side view of the prosthetic heart valve
of FIG. 1A in a compressed arrangement;

FIG. 2 is an enlarged, perspective view of a post
portion of the prosthetic heart valve of FIGS. 1A and
1B;

FIG. 3 is an exploded, perspective view of a stented

prosthetic heart valve delivery device in accordance
with principles of the present disclosure;

FIG. 4 is an enlarged, side view of a spindle portion
of the delivery device of FIG. 3;

FIG. 5A is a side view of a release assembly com-
ponent of the delivery device of FIG. 3, including a
retraction member in a normal, relaxed condition and
a release member in a normal, expanded condition;

FIG. 5B is a side view of the release assembly of
FIG. 5A, including the retraction member forced to
an extended condition, and the release member
forced to compressed condition;

FIG. 5C is a side view of an alternative release as-
sembly useful with the delivery device of FIG. 3;

FIG. 6A is a perspective view of the release assembly
of FIG. 5A assembled to an inner shaft assembly
component of the delivery device of FIG. 3, including
the retraction member in the normal, relaxed condi-
tion and the release member in the normal, expand-
ed condition;

FIG. 6B is a perspective view of the components of
FIG. 6A, including the retraction member in the ex-
tended condition and the release member in the
compressed condition;

FIG. 7A is an enlarged, cross-sectional view of a
portion of a heart valve repair or replacement system
in accordance with principles of the present disclo-
sure, including the delivery device of FIG. 3 loaded
with the prosthetic heart valve of FIG. 1A;

FIG. 7B is an enlarged, side view of a portion of the
system of FIG. 7A;

FIG. 8A is a simplified side view of the system of
FIG. 7A in an initial stage of a deployment mode;

FIG. 8B is an enlarged, side view of a portion of the
system of FIG. 8A, including portions shown in cross-
section;

FIG. 8C is an enlarged, perspective view of the sys-
tem of FIG. 7A in a further stage of partial deploy-
ment;

FIGS. 9A and 9B are simplified perspective views of
the delivery device of FIG. 3 in various stages of
transitioning to a deployment state; and

FIG. 9C is an enlarged, side view of the delivery de-
vice of FIG. 3 in a removal state.
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Detailed Description

[0014] As referred to herein, stented transcatheter
prosthetic heart valves useful with and/or as part of the
various systems, devices, and methods of the present
disclosure may assume a wide variety of different con-
figurations, such as a bioprosthetic heart valve having
tissue leaflets or a synthetic heart valve having polymeric,
metallic, or tissue-engineered leaflets, and can be spe-
cifically configured for replacing any heart valve. Thus,
the stented prosthetic heart valve useful with the sys-
tems, devices, and methods of the present disclosure
can be generally used for replacement of a native aortic,
mitral, pulmonic, or tricuspid valve, for use as a venous
valve, or to replace or restore a failed bioprosthesis, such
as in the area of an aortic valve or mitral valve, for ex-
ample.
[0015] In general terms, the stented prosthetic heart
valves of the present disclosure include a stent or stent
frame maintaining a valve structure (tissue or synthetic),
with the stent having a normal, expanded arrangement
and collapsible to a compressed arrangement for loading
within a delivery device. The stent is normally constructed
to self-deploy or self-expand when released from the de-
livery device. For example, the stented prosthetic heart
valve useful with the present disclosure can be a pros-
thetic valve sold under the trade name CoreValve® avail-
able from Medtronic CoreValve, LLC. Other non-limiting
examples of transcatheter heart valve prostheses useful
with systems, devices, and methods of the present dis-
closure are described in U.S. Publication Nos.
2006/0265056; 2007/0239266; and 2007/0239269. The
stents or stent frames are support structures that com-
prise a number of struts or wire portions arranged relative
to each other to provide a desired compressibility and
strength to the prosthetic heart valve. In general terms,
the stents or stent frames of the present disclosure are
generally tubular support structures having an internal
area in which valve structure leaflets will be secured. The
leaflets can be formed from a variety of materials, such
as autologous tissue, xenograph material, or synthetics
as are known in the art. The leaflets may be provided as
a homogenous, biological valve structure, such as por-
cine, bovine, or equine valves. Alternatively, the leaflets
can be provided independent of one another (e.g., bovine
or equine paracardial leaflets) and subsequently assem-
bled to the support structure of the stent frame. In another
alternative, the stent frame and leaflets can be fabricated
at the same time, such as may be accomplished using
high-strength nano-manufactured NiTi films produced at
Advance BioProsthetic Surfaces (ABPS), for example.
The stent frame support structures are generally config-
ured to accommodate at least two (typically three) leaf-
lets; however, replacement prosthetic heart valves of the
types described herein can incorporate more or less than
three leaflets.
[0016] Some embodiments of the stent frames can be
a series of wires or wire segments arranged such that

they are capable of self-transitioning from a compressed
or collapsed arrangement to the normal, radially expand-
ed arrangement. In some constructions, a number of in-
dividual wires comprising the stent frame support struc-
ture can be formed of a metal or other material. These
wires are arranged in such a way that the stent frame
support structure allows for folding or compressing or
crimping to the compressed arrangement in which the
internal diameter is smaller than the internal diameter
when in the normal, expanded arrangement. In the com-
pressed arrangement, such a stent frame support struc-
ture with attached valve leaflets can be mounted onto a
delivery device. The stent frame support structures are
configured so that they can be changed to their normal,
expanded arrangement when desired, such as by the
relative movement of one or more sheaths relative to a
length of the stent frame.
[0017] The wires of these stent frame support struc-
tures in embodiments of the present disclosure can be
formed from a shape memory material such as a nickel
titanium alloy (e.g., Nitinol™). With this material, the sup-
port structure is self-expandable from the compressed
arrangement to the normal, expanded arrangement,
such as by the application of heat, energy, and the like,
or by the removal of external forces (e.g., compressive
forces). This stent frame support structure can also be
compressed and re-expanded multiple times without
damaging the structure of the stent frame. In addition,
the stent frame support structure of such an embodiment
may be laser-cut from a single piece of material or may
be assembled from a number of different components.
For these types of stent frame structures, one example
of a delivery device that can be used includes a catheter
with a retractable sheath that covers the stent frame until
it is to be deployed, at which point the sheath can be
retracted to allow the stent frame to self-expand. Further
details of such embodiments are discussed below.
[0018] With the above understanding in mind, one non-
limiting example of a stented prosthetic heart valve 20
useful with systems, devices, and methods of the present
disclosure is illustrated in FIGS. 1A and 1B. As a point
of reference, the prosthetic heart valve 20 is shown in a
normal or expanded arrangement in the view of FIG. 1A;
FIG. 1B illustrates the prosthetic heart valve 20 in a com-
pressed arrangement (e.g., when compressively re-
tained within an outer catheter or sheath). The prosthetic
heart valve 20 includes a stent or stent frame 22 and a
valve structure 24. The stent frame 22 can assume any
of the forms described above, and is generally construct-
ed so as to be self-expandable from the compressed ar-
rangement (FIG. 1B) to the normal, expanded arrange-
ment (FIG. 1A). In other embodiments, the stent frame
22 is expandable to the expanded arrangement by a sep-
arate device (e.g., a balloon internally located within the
stent frame 22). The valve structure 24 is assembled to
the stent frame 22 and provides two or more (typically
three) leaflets 26a, 26b. The valve structure 24 can as-
sume any of the forms described above, and can be as-
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sembled to the stent frame 22 in various manners, such
as by sewing the valve structure 24 to one or more of the
wire segments 28 defined by the stent frame 22.
[0019] With the but one acceptable construction of
FIGS. 1A and 1B, the prosthetic heart valve 20 is config-
ured for restoring an aortic valve. Alternatively, other
shapes are also envisioned, adapted for the specific
anatomy of the valve to be replaced (e.g., stented pros-
thetic heart valves in accordance with the present disclo-
sure can alternatively be shaped and/or sized for replac-
ing a native mitral, pulmonic, or tricuspid valve). Regard-
less, the valve structure 24 can be arranged to extend
less than an entire length of the stent frame 22. In par-
ticular, the valve structure 24 can be assembled to, and
extend along, an inflow region 30 of the prosthetic heart
valve 20, whereas an outflow region 32 is free of the valve
structure 24 material. The terms "inflow" and "outflow"
are in reference to an arrangement of the prosthetic heart
valve 20 upon final implantation relative to the native aor-
tic valve (or other valve) being repaired. A wide variety
of other constructions are also acceptable and within the
scope of the present disclosure. For example, the valve
structure 24 can be sized and shaped to extend along
an entirety, or a near entirety, of a length of the stent
frame 22. With embodiments in which the prosthetic heart
valve 20 is to be implanted via a retrograde approach,
the prosthetic heart valve 20 will be arranged within the
corresponding delivery device such that the inflow region
30 is distal the outflow region 32. Thus, the inflow region
30 can alternatively be referenced as the distal region of
the prosthetic heart valve 20, whereas the outflow region
32 serves as the proximal region. With these conventions
in mind, a proximal end 36 of the stent frame 22 forms,
in some embodiments, a plurality of posts 40. The posts
40 are defined at an intersection of two (or more) adjacent
ones of the wire segments 28, and are circumferentially
spaced about a circumference defined by the stent frame
22. While the stent frame 22 is shown in FIGS. 1A and
IB as having four of the posts 40, any other number, either
greater or lesser, is equally acceptable. For example, the
stent frame 22 can include as few as a single one of the
posts 40.
[0020] The posts 40 can assume various forms, and
in some embodiments are identical. FIG. 2 illustrates one
construction of the post 40 contemplated by the present
disclosure in greater detail. As a point of reference, in
the view of FIG. 2, two of the wire segments 28a, 28b
are illustrated as intersecting at the post 40, with the post
40 projecting proximally from the wire segments 28a,
28b; a remainder of the stent frame 22 is omitted from
the view for ease of explanation. The post 40 includes a
shoulder 42 and a head 44. With respect to an orientation
of the post 40 relative to the circumference defined by
the stent frame 22 (FIG. 1A), the shoulder 42 and the
head 44 can be described as having or defining a cir-
cumferential width, with the circumferential width of the
head 44 being greater than that of the shoulder 42 for
reasons made clear below. With some constructions,

then, the post 40 can have a T-like shape. Other shapes
are also acceptable. These and other features of the post
40, as well as the stent frame 22 as a whole, are described
below in the context of loading to, and releasing from, a
delivery device.
[0021] With the above understanding of the prosthetic
heart valve 20 in mind, one embodiment of a transcath-
eter stented prosthetic heart valve delivery device 50 in
accordance with principles of the present disclosure is
shown in FIG. 3. The delivery device 50 includes a de-
livery sheath assembly 52, an inner shaft assembly 54,
a release assembly 56, and a handle 58. Details on the
various components are provided below. In general
terms, however, the delivery device 50 combines with a
stented prosthetic heart valve (not shown) to form a sys-
tem for restoring (e.g., replacing) a defective heart valve
of a patient. The delivery device 50 provides a delivery
or loaded state in which a stented prosthetic heart valve
is coupled to the inner shaft assembly 54 (e.g., a spindle
60 component of the inner shaft assembly 54), and com-
pressively retained within a capsule 62 of the delivery
sheath assembly 52. In this regard, the release assembly
56 robustly retains the stented prosthetic heart valve rel-
ative to the inner shaft assembly 54. The delivery sheath
assembly 52 can be manipulated to withdraw the capsule
62 from the prosthetic heart valve via operation of the
handle 58, permitting the prosthesis to self-expand and
release from the inner shaft assembly 54. More particu-
larly, the release assembly 56 self-retracts from the pros-
thetic heart valve in response to proximal retraction of
the capsule 62. The release assembly 56 thus serves as
a passive trigger for the delivery device 50 with self-ac-
tuation of the release assembly 56 being dictated by a
location of the capsule 62 relative thereto. Further, in
some embodiments, the handle 58 can be operated to
maneuver the capsule 62 to effectuate a partial deploy-
ment state in which a distal region of the prosthetic heart
valve is permitted to self-expand, whereas a proximal
region of the prosthesis remains coupled to the inner
shaft assembly 54 via the release assembly 56.
[0022] Various features of the components 52-60 re-
flected in FIG. 3 and described below can be modified or
replaced with differing structures and/or mechanisms.
Thus, the present disclosure is in no way limited to the
delivery sheath assembly 52, the inner shaft assembly
54, the handle 58, etc., as shown and described below.
More generally, delivery devices in accordance with the
present disclosure provide features (e.g., the capsule 62
in combination with the release assembly 56) capable of
compressively retaining a self-deploying, stented pros-
thetic heart valve, and a mechanism capable of consist-
ently releasing the prosthesis with retraction of the cap-
sule 62 (e.g., the release assembly 56).
[0023] In some embodiments, the delivery sheath as-
sembly 52 includes the capsule 62 and a shaft 70, and
defines proximal and distal ends 72, 74. A lumen 76 is
formed by the delivery sheath assembly 52, extending
from the distal end 74 through the capsule 62 and at least
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a portion of the shaft 70. The lumen 76 can be open at
the proximal end 72. The capsule 62 extends distally from
the shaft 70, and in some embodiments has a more stiff-
ened construction (as compared to a stiffness of the shaft
70) that exhibits sufficient radial or circumferential rigidity
to overtly resist the expected expansive forces of the
stented prosthetic heart valve (not shown) when com-
pressed within the capsule 62. For example, the shaft 70
can be a polymer tube embedded with a metal braiding,
whereas the capsule 62 includes a laser-cut metal tube
that is optionally embedded within a polymer covering.
Alternatively, the capsule 62 and the shaft 70 can have
a more uniform construction (e.g., a continuous polymer
tube). Regardless, the capsule 62 is constructed to com-
pressively retain the stented prosthetic heart valve at a
predetermined diameter when loaded within the capsule
62, and the shaft 70 serves to connect the capsule 62
with the handle 58. The shaft 70 (as well as the capsule
62) is constructed to be sufficiently flexible for passage
through a patient’s vasculature, yet exhibits sufficient lon-
gitudinal rigidity to effectuate desired axial movement of
the capsule 62. In other words, proximal retraction of the
shaft 70 is directly transferred to the capsule 62 and caus-
es a corresponding proximal retraction of the capsule 62.
In other embodiments, the shaft 70 is further configured
to transmit a rotational force or movement onto the cap-
sule 62.
[0024] The inner shaft assembly 54 can have various
constructions appropriate for supporting a stented pros-
thetic heart valve within the capsule 62. In some embod-
iments, the inner shaft assembly 54 includes an inner
support shaft 80, a tip 82, and the spindle 60. The inner
support shaft 80 is sized to be slidably received within
the lumen 76 of the delivery sheath assembly 52, and is
configured for mounting of the release assembly 56. The
inner support shaft 80 can include a distal segment 84
and a proximal segment 86. The distal segment 84 con-
nects the tip 82 to the proximal segment 86, with the
proximal segment 86, in turn, coupling the inner shaft
assembly 54 to the handle 58. The components 80-86
can combine to define a continuous lumen 88 (referenced
generally) sized to slidably receive an auxiliary compo-
nent such as a guide wire (not shown).
[0025] The distal segment 84 can be a flexible polymer
tube embedded with a metal braid. Other constructions
are also acceptable so long as the distal segment 84
exhibits sufficient structural integrity to support a loaded,
compressed stented prosthetic heart valve (not shown),
as well as the release assembly 56. The proximal seg-
ment 86 can include, in some constructions, a leading
portion 90 and a trailing portion 92. The leading portion
90 serves as a transition between the distal and proximal
segments 84, 86, and thus in some embodiments is a
flexible polymer tubing (e.g., PEEK) having an outer di-
ameter slightly less than that of the distal segment 84.
The trailing portion 92 has a more rigid construction (e.g.,
a metal hypotube), adapted for robust assembly with the
handle 58. Other materials and constructions are also

envisioned. For example, in alternative embodiments,
the distal and proximal segments 84, 86 are integrally
formed as a single, homogenous tube or solid shaft.
[0026] The tip 82 forms or defines a nose cone having
a distally tapering outer surface adapted to promote at-
raumatic contact with bodily tissue. The tip 82 can be
fixed or slidable relative to the inner support shaft 80.
[0027] The spindle 60 serves to selectively couple cor-
responding features of the stented prosthetic heart valve
(not shown) relative to the inner shaft assembly 54 (e.g.,
relative to the inner support shaft 80), and can be con-
figured for assembly over the inner support shaft 80. One
embodiment of the spindle 60 is shown in greater detail
in FIG. 4. In some constructions, the spindle 60 includes
a tubular base 100, a hub 102, and a flange 104. The
hub 102 and the flange 104 radially project from the tu-
bular base 100, with the hub 102 forming various features
configured to selectively engage the post(s) 40 (FIG. 2)
of the stented prosthetic heart valve 20 (FIG. 1A) as de-
scribed below.
[0028] The tubular base 100 is configured to facilitate
mounting of the spindle 60 to the inner support shaft 80
(FIG. 3), and defines a central passageway or lumen (hid-
den in FIG. 4), an intermediate section 112, and a prox-
imal section 114. The intermediate section 112 is formed
or defined between the hub 102 and the flange 104, and
the proximal section 114 is formed or defined proximal
the flange 104. For reasons made clear below, the prox-
imal section 114 forms a primary notch 116 and an op-
tional secondary notch 118. The notches 116, 118 are
configured to selectively receive a corresponding feature
of the release assembly 56 (FIG. 3), and can assume
various forms. For example, in some embodiments, the
primary and secondary notches 116, 118 are each cir-
cumferential grooves. In other embodiments, one or both
of the notches 116, 118 can extend less than an entirety
of a circumference of the proximal section 114. Regard-
less, a longitudinal distal between the primary notch 116
and the hub 102 is selected as a function of a size of the
release assembly 56. The secondary notch 118 is formed
proximal the primary notch 116, and also has a longitu-
dinal position relative to the hub 102 as a function of a
size of the release assembly 56. These relationships are
described in greater detail below.
[0029] The hub 102 radially projects from the tubular
base 100, terminating at a rim 120. Further, the hub 102
forms or defines at least one longitudinal capture slot
122. In some embodiments, a plurality of the longitudinal
capture slots 122 are formed in the hub 102, commen-
surate with the number of posts 40 (FIG. 1A) provided
with the prosthetic heart valve 20 (FIG. 1A). In related
embodiments, the plurality of capture slots 122 can be
identical and are equidistantly spaced relative to a cir-
cumference of the hub 102. Alternatively, only a single
one of the capture slots 122 need be provided. The cap-
ture slot(s) 122 extends through a thickness of the hub
102, and is open to a proximal face 124. A circumferential
width of each of the capture slots 122 corresponds (e.g.,
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is slightly greater than) with a circumferential width of the
post shoulder 42 (FIG. 2). However, the circumferential
width of each of the capture slots 122 at least at the prox-
imal face 124 is less than the circumferential width of the
post head 44 (FIG. 2).
[0030] The flange 104 is proximally spaced from the
hub 102, and radially projects from the tubular base 100.
With this spacing, then, the intermediate section 112 of
the tubular base 100 provides a reduced diameter cylin-
drical surface interposed between the hub 102 and the
flange 104. The larger diameter flange 104 combines with
the larger diameter hub 102 and the intermediate section
112 to create a circumferential trough or groove 126 con-
figured to selectively receive the post head 44 (FIG. 2)
as described below. The capture slots 122 are open to
the trough 126 at the proximal face 124, with the capture
slots 122 and the trough 126 combining to define an en-
gagement structure configured to selectively engage the
post(s) 40 (FIG. 1A). The outer diameter of the flange
104 can approximate a maximum outer diameter of the
hub 102 (e.g., the rim 120) for reasons made clear below.
In other embodiments, however, the flange 104 can be
omitted.
[0031] Returning to FIG. 3, the spindle 60 can be inte-
grally formed as a homogenous part in some embodi-
ments. The spindle 60 is constructed of a relatively rigid
material able to maintain a structural integrity of the spin-
dle 60 in supporting the prosthetic heart valve 20 (FIG.
1A) in the compressed arrangement. In other construc-
tions, one or more of the hub 102 and the flange 104 can
be separately manufactured and subsequently assem-
bled to the tubular base 100. Alternatively, the hub 102
and/or the flange 104 can be directly mounted onto the
inner support shaft 80. In yet other embodiments, the
stent engagement features provided by the spindle 60
(e.g., one or both of the capture slots 122 and the trough
126) can be integrally formed by or into the inner support
shaft 80. Further, other stent engagement structure con-
figurations can alternatively be employed.
[0032] The release assembly 56 is generally construct-
ed to selectively capture the prosthetic heart valve 20
(FIG. 1A) to the spindle 60, and thus to the inner shaft
assembly 54. One embodiment of the release assembly
56 is shown in FIG. 5A, and includes a base 140, a re-
traction member 142, at least one release member 144,
and a retention member 146. In general terms, the base
140 associates the release assembly 56 with the inner
support shaft 80 (FIG. 3). The retraction member 142
longitudinally arranges the retention member 146 relative
to the base 140. In this regard, the retraction member
142 is self-retractable from an extended condition to a
relaxed, retracted condition, with the release member
144 configured to temporarily retain the retraction mem-
ber 142 in the extended condition. The retention member
146 is sized to be slidably disposed over the spindle 60
when so positioned by an arrangement of the release
assembly 56.
[0033] The base 140 can assume various configura-

tions appropriate for non-moveable, affixed mounting to
(or relative to) the inner support shaft 80 (FIG. 3). For
example, the base 140 can be a collar or ring that is
bonded to the inner support shaft 80. Other structures
appropriate for establishing a fixed location relative to
the inner support shaft 80, as well as resisting forces
generated in or by the retention member 142 are also
envisioned. For example, in other embodiments, the
base 140 can be omitted and a proximal end of the re-
traction member 142 opposite the retention member 146
directly attached to the inner support shaft 80. Alterna-
tively, the base 140 and/or the retraction member 142
can be affixed to the proximal section 114 (FIG. 4) of the
spindle 60 (FIG. 4) that in turn is attached to the inner
support shaft 80.
[0034] The retraction member 142 is a linear spring-
like body, adapted to self-transition or self-retract in lon-
gitudinal length from an extended condition (FIG. 5B) to
the normal (or relaxed), retracted condition reflected in
FIG. 5A. In some embodiments, the retraction member
142 is a tubular body (e.g., a metal tube) laser cut to
define helical spring segments 150a, 150b. With this con-
struction, the retraction member 142 has a shape mem-
ory set to the relaxed or retracted condition of FIG. 5A,
with the condition of the retraction member 142 dictating
an overall longitudinal length of the release assembly 56
(e.g., longitudinal distance between a proximal end of
the base 140 and a distal end of the retention member
146). The linear spring-like construction permits longitu-
dinal extension of the retraction member 142, and thus
of the retention member 146 relative to the base 140. For
example, the normal, relaxed condition of the retraction
member 142 establishes a normal or retracted length LR
for the release assembly 56 as identified in FIG. 5A.
When the retraction member 146 is subjected to an ex-
ternal, longitudinally expansive force, the retraction
member 146 elastically extends to the extended condi-
tion, resulting in the release assembly 56 assuming an
extended length LE (FIG. 5B). The extended length LE is
greater than the relaxed or normal length LR. Upon re-
moval of the external, longitudinally-expansive force, the
retraction member 142 self-transitions or self-retracts
back to the relaxed or retracted condition (and thus the
release assembly 56 reverts back to the relaxed length
LR). Further, the retention member 142 is configured
such that an outer diameter defined by the retraction
member 142 is substantially the same in the relaxed con-
dition and the extended condition. That is to say, the re-
traction member 142 does not overtly change in outer
diameter when transitioning between the relaxed, retract-
ed condition and the extended condition. Alternatively,
the outer diameter may experience some change be-
tween the relaxed and extended conditions. Regardless,
the outer diameter of the retraction member 142 in each
of the relaxed, retracted condition and the extended con-
dition is less than an inner diameter of the lumen 76 (FIG.
3) of the delivery sheath assembly 52 (FIG. 3).
[0035] The retraction member 142 can incorporate var-
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ious other constructions that facilitate longitudinal self-
retraction from an extended condition to a relaxed, re-
tracted condition. For example, FIG. 5C illustrates an al-
ternative release assembly 56’ including a retraction
member 142’ in the form of a laser cut tube with a spring
segment arrangement differing from that of FIG. 5A.
[0036] Returning to FIGS. 5A and 5B, the release
member 144 extends distal the retraction member 142,
and in some constructions is a leaf spring-like or deflecta-
ble arm. As shown in FIGS. 5A and 5B, two of the release
members 144 are provided with the release assembly 56
in some constructions; alternatively, one or more than
two of the release members 144 can be included. Re-
gardless, the release member 144 has a normal, expand-
ed condition (FIG. 5A) and can be directed to a radially
compressed condition as shown in FIG. 5B by an external
force (e.g., when disposed within an outer sheath or cath-
eter). Upon removal of the external radially compressive
force, the release member 144 self-expands back toward
the normal, expanded condition. Relative to a central axis
C of the release assembly 56, a maximum radial projec-
tion RN (FIG. 5A) of the release member 144 in the nor-
mal, expanded condition is greater than a maximum ra-
dial projection RC (FIG. 5B) in the compressed condition.
For reasons made clear below, the normal condition max-
imum radial projection RN is greater than a radius of the
delivery sheath lumen 76 (FIG. 3); conversely, the com-
pressed condition maximum radial projection RC is less
than the radius of the delivery sheath lumen 76.
[0037] With embodiments in which the release mem-
ber 144 is a deflectable arm, the release member arm
144 defines a fixed end 160, an intermediate portion 162,
and a free end 164. The fixed end 160 is spatially affixed
relative to the retraction member 142, for example via a
ring or similar body 166 defined by the release assembly
56 distal the retention member 142. Where a plurality of
the release member arms 144 are included, the corre-
sponding fixed ends 160 are commonly connected to the
ring 166. The intermediate portion 162 projects distally
from the fixed end 160, and is formed to have a memory
set shape biased radially outwardly from the central axis
C. In some constructions, the intermediate portion 162
defines an angled segment 168. As shown in the normal
condition of FIG. 5A, the intermediate portion 162
projects generally radially outwardly in extension from
the fixed end 160 to the angled segment 168; conversely,
the angled segment 168 defines a generally radially in-
ward projection to the free end 164. Thus, the release
member arm 144 can have an L-like shape, although
other shapes for the angled segment 168 are also envi-
sioned that may or may not be curved. With the one con-
struction of FIG. 5A, however, in the normal, expanded
condition, the free end 164 is spaced radially outwardly
from a circumference of the retention member 146. Stat-
ed otherwise, a radial distance between the central axis
C and the free end 164 in the normal, expanded condition
is less than a radius of the retention member 146. Con-
versely, and as best shown in FIG. 5B, in the compressed

condition, the free end 164 is radially spaced form the
central axis C by a distance that is less than a radius of
the retention member 146.
[0038] In some embodiments, the retraction member
142 is connected to the retention member 146 by the ring
166 and a connection body 170. The connection body
170, in turn, forms a clearance slot 172 that is radially
aligned with the free end 164 of the release member de-
flection arm 144. Thus, the clearance slot 172 permits
forced transitioning of the release member 144 to the
compressed arrangement, with the free end 164 passing
through the clearance slot 172. Where two (or more) of
the release member arms 144 are provided, the connec-
tion body 170 forms a corresponding number of the clear-
ance slots 172.
[0039] The retention member 146 is a sleeve-like body
sized to be slidably received over the spindle 60 (FIG.
4). In this regard, the retention member 146 is designed
to move freely over the flange 104 (FIG. 4) due to a gap
clearance (e.g., on the order 0.254 mm (0.01 inch) or
greater) that is provided between the retention member
146 and the maximum outer diameter of the flange 104.
In some constructions, the retention member 146 forms
or defines at least one longitudinal notch 180 extending
from, and open relative to, a distal end 182 thereof. The
retention member 146 normally includes a plurality of the
notches 180 corresponding with a number of the capture
slots 122 (FIG. 4) provided with the hub 102. With em-
bodiments in which the retention member 146 forms two
or more of the notches 180, two (or more) fingers 184
are formed by or between adjacent ones of the notches
180. In other embodiments, the notches 180 can be omit-
ted.
[0040] The release assembly 56 can be made of one
or more materials such as metals or polymers (e.g., Niti-
nol®, stainless steel, Delrin®, and the like). The materi-
al(s) has a thickness on the order of 0.051 - 0.178 mm
(0.002 - 0.007 inch) for example, although the thickness
can be lower or higher than this size range. In some con-
structions, the release assembly 56 is integrally formed
from a single metal tube that is laser cut to define the
various features described above. In other embodiments,
one or more of the components 140-146 can be sepa-
rately formed and subsequently assembled.
[0041] Assembly of the release assembly 56 to the in-
ner shaft assembly 54 (including the spindle 60) is shown
in FIGS. 6A and 6B. The release assembly 56 is mounted
to (e.g., over) the inner support shaft 80, as is the spindle
60. Alternatively, the release assembly 56 can incorpo-
rate an inner tube to which the base 140 is attached (and
over which the retraction member 142 is slidably re-
ceived), with the inner tube being assembled to the inner
support shaft 80 (or between separate, proximal and dis-
tal portions of the inner support shaft 80). Regardless,
the base 140 is spatially affixed relative to the inner sup-
port shaft 80 at a predetermined location relative to the
trough 126 of the spindle 60. For example, relative to the
normal, relaxed condition of the retraction member 142
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(FIG. 6A), the mounting body 140 is positioned such that
the retention member 146 (and in particular the distal end
182 thereof) is proximal or proximally spaced from the
trough 126. Conversely, in the extended condition of the
retraction member 142 (FIG. 6B), the retention member
146 is located such that the distal end 182 is distal the
trough 126 (partially hidden in FIG. 6B). The release
member(s) 144 serves to retain the retraction member
142 in the extended condition of FIG. 6B by being exte-
riorly compressed into the compressed condition in which
the corresponding free end 164 (partially hidden in FIG.
6B, but fully shown in FIG. 6A) is nested into engagement
with the primary notch 116 (referenced generally). Thus,
a longitudinal distance between the distal end 182 of the
retention member 146 and the free end 164 of the release
member 144 corresponds with (e.g., is slightly greater
than) the longitudinal distance between the primary notch
116 and the trough 126 so as to ensure that when the
free end 164 is nested within the primary notch 116, the
retention member 146 is coaxially over the trough 126.
Conversely, when the release member 144 is permitted
to self-expand to the normal, expanded condition of FIG.
6A and release from the spindle 60, the retraction mem-
ber 142 is allowed to self-transition or retract back to the
relaxed condition, thereby retracting the retention mem-
ber 146 from the hub 102 and the trough 126. In effect,
the release member 144 serves as a latch. It will be un-
derstood that by affixing the base 140 relative to the inner
support shaft 80, the base 140 remains stationary while
the retention member 146 moves proximally with self-
retraction of the retraction member 142 from the extend-
ed condition (FIG. 6B) to the relaxed condition (FIG. 6A).
In some embodiments, with the retraction member 142
in the relaxed condition, the free end 164 of the release
member(s) 144 is radially aligned with the optional sec-
ondary notch 118 (referenced generally in FIG. 6B).
When the release member(s) 144 is forced back to the
compressed arrangement of FIG. 6B (and the retraction
member 142 remains in the relaxed condition), then, the
free end 164 can nest within the secondary notch 118.
[0042] Returning to FIG. 3, the handle 58 generally in-
cludes a housing 200 and an actuator mechanism 202
(referenced generally). The housing 200 maintains the
actuator mechanism 202, with the actuator mechanism
202 configured to facilitate sliding movement of the de-
livery sheath assembly 52 relative to the inner shaft as-
sembly 54 and the release assembly 56. The housing
200 can have any shape or size appropriate for conven-
ient handling by a user. In one simplified construction,
the actuator mechanism 202 includes a user interface or
actuator 204 slidably retained by the housing 200 and
coupled to a sheath connector body 206. The proximal
end 72 of the delivery sheath assembly 52 is coupled to
the sheath connector body 206 (e.g., via an optional
mounting boss 208 in some embodiments). The inner
shaft assembly 54, and in particular the proximal tube
86, is slidably received within a passage 210 of the sheath
connector body 206, and is rigidly coupled to the housing

200. Sliding of the actuator 204 relative to the housing
200 thus causes the delivery sheath assembly 52 to move
or slide relative to the inner shaft assembly 54 and the
release assembly 56, for example to effectuate deploy-
ment of a prosthesis (not shown) from the inner shaft
assembly 54 as described below. Alternatively, the ac-
tuator mechanism 202 can assume a variety of other
forms differing from those implicated by the illustration
of FIG. 3. Similarly, the handle 58 can incorporate other
features, such as a cap 212 and/or a fluid port assembly
214.
[0043] FIGS. 7A and 7B illustrate, in simplified form, a
portion of a system 250 in accordance with the present
disclosure for restoring (including replacing) a defective
heart valve of a patient and including the stented pros-
thetic heart valve 20 loaded within the delivery device
50. For ease of illustration, only a portion of the prosthetic
heart valve 20 is shown in FIG. 7B (in particular, a portion
of the stent frame 22). In the delivery state of the delivery
device 50 in FIGS. 7A and 7B, the prosthetic heart valve
20 is crimped over the inner shaft assembly 54, with the
delivery sheath assembly 52 located such that the cap-
sule 62 surrounds and compressively retains the pros-
thetic heart valve 20 in the compressed arrangement
shown, thereby defining a loaded mode of the system
250. Further, the release assembly 56 (a distal-most seg-
ment of which is shown in FIG. 7A) is arranged such that
the retention member 146 is disposed over the spindle
60, and in particular over least the trough 126 (referenced
generally). The stent posts 40 (one of which is shown in
FIG. 7B) are engaged with the spindle 60, including the
head 44 (hidden in FIG. 7B) disposed within the trough
126 (hidden in FIG. 7B), and the shoulder 42 disposed
within one of the capture slots 122. The retention member
146 is disposed over the spindle 60 to retain the posts
40 within the corresponding capture slots 122 and the
trough 126. The retention member 146 position of FIG.
7B includes the retraction member 142 being forced to
the extended condition. The release member(s) 144
holds the retraction member 142 in the extended condi-
tion and prevents self-retraction by being forced to the
compressed condition shown in which the release mem-
ber(s) 144 is deflected radially inwardly such that the free
end 164 nests within the primary notch 116. More par-
ticularly, the inner diameter of the delivery sheath assem-
bly 52 (shown in cross-section in FIG. 7B) is less than
the normal, maximum radial projection RN (FIG. 5A) of
the release member(s) 144. Thus, when inserted within
the delivery sheath assembly lumen 76, the delivery
sheath assembly 52 forces the release member(s) 144
to the compressed condition (it being understood that a
small gap is shown in FIG. 7B between the release mem-
bers 144 and the inner diameter of the delivery sheath
assembly 52 for ease of explanation). The nested ar-
rangement of the free end 164 to the spindle 60 effectively
locks or holds the release assembly 56 in the arrange-
ment shown, with the delivery sheath assembly 52 re-
sisting or preventing self-expansion of the release mem-
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ber(s) 144.
[0044] The loaded system 250 can then be used to
percutaneously deliver the prosthetic heart valve 20 to
an implantation site, such as a defective heart valve. For
example, the delivery device 50 is manipulated to ad-
vance the compressed prosthetic heart valve 20 toward
the implantation site in a retrograde manner through a
cut-down to the femoral artery, into the patient’s descend-
ing aorta, over the aortic arch, through the ascending
aorta, and approximately midway across the defective
aortic valve (for an aortic replacement procedure). The
prosthetic heart valve 20 can then be partially or fully
deployed from the delivery device 50. With either proce-
dure, the capsule 62 is proximally retracted or withdrawn
(via operation of the handle 58 (FIG. 3)) from over the
prosthetic heart valve 20. As generally reflected in FIGS.
8A and 8B, proximal retraction of the capsule 62 contin-
ues until the distal end 74 is immediately distal the hub
102. For ease of illustration, only a portion of the pros-
thetic heart valve 20 is shown in FIG. 8B (in particular,
one of the stent posts 40). Because the release mem-
ber(s) 144 is still within the capsule 62 in the arrangement
of FIGS. 8A and 8B, the retention member 146 remains
in the distally forward position relative to the hub 102 via
"locked" relationship of the release member(s) 144 to the
spindle 60, thus the retraction member 142 remains in
the extended condition. As a point of reference, an inter-
nal diameter of the delivery sheath 52 may vary along a
length thereof (e.g., transition from the shaft 70 to the
capsule 62, along the capsule 62, etc.). In some embod-
iments, the release member(s) 144 are sized and shaped
to maintain the locked relationship while "moving"
through the small changes in the delivery sheath internal
diameter (e.g., a length of the release member 144 be-
tween the angled segment 168 and the free end 164 is
sufficiently sized so that even if the release member 144
slightly deflects radially outwardly in the presence of a
slightly larger internal diameter section of the delivery
sheath 52, the fixed end 164 remains engaged with the
spindle 60). As shown in simplified form in FIG. 8A, partial
retraction of the capsule 62 allows self-expansion of an
exposed distal region 260 of the prosthetic heart valve
20 relative to the distal end 74 of the capsule 62 to occur.
[0045] So long as the distal end 74 of the capsule 62
remains distal the release member(s) 144, the release
member(s) 144 remains in the compressed or deflected
condition (and the retraction member 142 in the extended
condition) such that the retention member 146 remains
over the trough 126 (referenced generally in FIG. 8B).
Thus, the head 44 (hidden in FIG. 8B) of each of the
posts 40 remains engaged within the trough 126. As a
result, in the stage of the partial deployment mode of
FIGS. 8A and 8B, the prosthetic heart valve 20 is able to
partially expand or deploy, yet remains coupled to the
delivery device 50 via the release assembly 56 and the
spindle 60.
[0046] Partial deployment of the prosthetic heart valve
20 can also include further sequential retraction of the

capsule 62 from the position of FIGS. 8A and 8B. For
example, in the partial deployment stage reflected in FIG.
8C, the distal end 74 of the capsule 62 (shown in phantom
in FIG. 8C) is further retracted relative to the hub 102 (as
compared to the stage of FIG. 8A), with the distal end 74
located proximal the notches 180 and distal the release
member(s) 144. Because the release member(s) 144 is
still within, and thus acted upon by, the capsule 62, the
retraction member 142 (FIG. 8B) remains extended and
the retention member 146 remains over the trough 126
such that the stent frame 22 is coupled between the re-
tention member 146 and the spindle 60. With embodi-
ments in which the retention member 146 forms the
notches 180, FIG. 8C further reflects that in this stage of
the partial deployment mode, the stent frame posts 40
can pivot relative to the spindle 60. For example, with the
distal end 74 of the capsule 62 proximal the notch 180
identified in FIG. 8C, the self-expanding attribute of the
stent frame 22 causes the shoulder 42 of the post 40 to
slide through the corresponding capture slot 122 and the
corresponding notch 180, with the head 44 effectively
pivoting within the trough 126. Even with this pivoting
movement, however, the head 44 remains captured with-
in the trough 126 via the fingers 184.
[0047] In the stage of partial deployment of FIG. 8C (or
in any other sequentially prior stage of partial deploy-
ment), the clinician can perform desired evaluations of
the partially deployed prosthetic heart valve 20 (FIG. 8A)
relative to the implantation site. Notably, a substantial
majority of the prosthetic heart valve 20 is in an expanded
arrangement, including, for example, the inflow region
30 (FIG. 1A) and at least a portion of the outflow region
32 (FIG. 1A). Thus, the systems, delivery devices, and
methods of the present disclosure afford the clinician the
ability to make an accurate estimate of the position of the
prosthetic heart valve 20 relative to the implantation site.
Under circumstances where the clinician determines that
the prosthetic heart valve 20 should be repositioned, the
capsule 62 can, in some constructions, be distally ad-
vanced back over the prosthetic heart valve 20, thereby
resheathing or recapturing the prosthetic heart valve 20
and returning it to the compressed arrangement. Alter-
natively, the delivery device 50 can incorporate other fea-
tures to effectuate recapturing of the prosthetic heart
valve 20.
[0048] When full deployment of the prosthetic heart
valve 20 from the delivery device 50 is desired, the cap-
sule 62 is further proximally retracted relative to the re-
lease member(s) 144. As shown in FIG. 9A, as the distal
end 74 of the delivery sheath assembly 52 is moved or
withdrawn proximal the release member(s) 144, the re-
lease member(s) 144 is released from the confines of
the delivery sheath assembly 52. As a result, the release
member(s) 144 self-expands toward the natural, expand-
ed state, with the free end 164 thus withdrawing from the
primary notch 116. Effectively, then, the release mem-
ber(s) 144 "senses" full retraction of the delivery sheath
assembly 52. Once the release member(s) 144 has re-

19 20 



EP 2 563 277 B1

12

5

10

15

20

25

30

35

40

45

50

55

leased from engagement with the spindle 60 (or other
component of the inner shaft assembly 54 to which the
free end 164 was temporarily engaged), the longitudinally
expansive force imparted upon the retraction member
142 is removed, thereby allowing the retraction member
142 to immediately self-retract to or toward the relaxed,
retracted state of FIG. 9B. This movement, in turn, prox-
imally retracts the retention member 146 from the hub
102 and the trough 126 as reflected by a comparison of
the arrangement of FIG. 9A with that of FIG. 9B (it being
understood that the delivery sheath assembly 52 has
been further proximally retracted in the view of FIG. 9B
from the arrangement of FIG. 9A). Retraction of the re-
tention member 146 from the hub 102 and the trough 126
permits the stent posts 40 (one of which is shown in FIGS.
9A and 9B) to fully release from the inner shaft assembly
54/spindle 60 due, for example, to self-expansion of the
prosthetic heart valve stent frame 22. Thus, with release
assemblies of the present disclosure, the retraction/re-
lease operation is separated from the delivery sheath
position "sensing" operation via the separate retraction
member 142 and release member 144.
[0049] Following release/deployment of the prosthetic
heart valve 20, the delivery device 50 can be percutane-
ously withdrawn from the patient. To facilitate removal,
the delivery device 50 can be transitioned to a removal
state as shown in FIG. 9C. It will be recalled that in the
sequentially previous deployment state, the retraction
device 142 has self-retracted to the relaxed, retracted
state. As shown in FIG. 9C, the delivery sheath assembly
52 is subsequently distally advanced such that the distal
end 74 is now distal the release member(s) 144. This
action, in turn, forces the release member(s) 144 back
to the compressed arrangement, with the free end(s) 164
passing through the corresponding clearance slot 172
and nesting within the optional secondary notch 118,
thereby returning the release assembly 56 to a low profile
conducive to easy withdrawal from the patient. In other
embodiments, the secondary notch 118 can be omitted.
[0050] The delivery devices of the present disclosure
provide percutaneous placement of a stented prosthetic
heart valve for replacement of an aortic valve, for exam-
ple. Alternatively, the systems and devices can be used
for replacement or repair of other valves and/or in other
portions of the body in which a stent is to be implanted.
When delivering a valved stent to replace an aortic valve,
the delivery devices of the present disclosure can be used
with a retrograde delivery approach, for example, al-
though it is contemplated that an antegrade delivery ap-
proach can be used, with certain modifications to the de-
livery device. With the systems described herein, full or
partial blood flow through the native valve can advanta-
geously be maintained during a period when the valved
stent is being deployed into the patient, but is not yet
released from its delivery device. This feature can help
to prevent complications that may occur when blood flow
is stopped or blocked during valve implantation with
some other known delivery devices. In addition, it is pos-

sible for the clinician to thereby evaluate the opening and
closing of leaflets, examine for any paravalvular leakage,
and evaluate coronary flow and proper positioning of the
prosthetic heart valve within the target anatomy before
final release of the stented prosthesis.
[0051] The delivery devices shown and described
herein can be modified for delivery of balloon-expandable
stented prosthetic heart valves, within the scope of the
present disclosure. That is to say, delivering balloon-ex-
pandable stents to an implantation location can be per-
formed percutaneously using modified versions of the
delivery devices of the present disclosure. In general
terms, this includes providing a transcatheter assembly
that can include a delivery sheath and/or additional
sheaths as described above. The devices will further in-
clude a delivery catheter, a balloon catheter, and/or a
guide wire. A delivery catheter used in this type of delivery
device defines a lumen within which the balloon catheter
is received. The balloon catheter, in turn, defines a lumen
within which the guide wire is slidably disposed. Further,
the balloon catheter includes a balloon that is fluidly con-
nected to an inflation source. With the stented valve
mounted to the balloon, the transcatheter assembly is
delivered through a percutaneous opening in the patient
via the delivery device. Once the stented prosthetic heart
valve is properly positioned, the balloon catheter is op-
erated to inflate the balloon, thus transitioning the stented
prosthesis to an expanded arrangement.
[0052] The systems, devices, and methods of the
present disclosure provide a marked improvement over
previous designs. The delivery device is configured so
that the stent frame of the stented prosthetic heart valve
will release from the delivery device at a pre-designated
step of the delivery sequence. These delivery devices
thereby advantageously allow the clinician to entirely re-
move an outer sheath from a valved stent prior to releas-
ing the stent from the delivery device. In addition, the
systems of the present disclosure allow the inflow region
and at least a portion of the outflow region of the valved
stent to open or release so that the valve structure func-
tion can be determined prior to final release of the stented
valve. The disclosed release assembly provides a sim-
plified design that better ensures consistent triggering or
deployment, and minimizes opportunities for malfunc-
tions (e.g., jams) by separating the outer delivery sheath
sensing and retention member retraction functions.
[0053] Although the present disclosure has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes can be
made in form and detail without departing from the scope
of the present disclosure.

Claims

1. A delivery device (50) for percutaneously deploying
a stented prosthetic heart valve (20) including a stent
frame (22) to which a valve structure (24) is attached,
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the device comprising:

a delivery sheath (52) terminating at a distal end
(74) and defining a lumen (76);
an inner shaft assembly (54) slidably disposed
within the lumen (76) and including an engage-
ment structure configured to selectively engage
a prosthetic heart valve; and
a release assembly (56) disposed between the
delivery sheath (52) and the inner shaft assem-
bly (54), the release assembly (56) defining a
central axis and including:

a base (140) coupled to the inner shaft as-
sembly (54) proximal the engagement
structure,
a retraction member (142) distal the base
(140) and configured to self-retract in longi-
tudinal length from an extended condition
to a relaxed, retracted condition,
a release member (144) distal the retraction
member (142) and configured to self-ex-
pand in radial projection relative to the cen-
tral axis from a compressed condition to a
normal, expanded condition,
a retention member (146) distal the release
member (144);

wherein the device is configured to provide:

a delivery state in which the distal end (74)
of the delivery sheath is distal the retention
member (146), the release member (144)
is in the compressed condition, and the re-
traction member (142) is in the extended
condition,
a deployment state in which the distal end
(74) of the delivery sheath is proximal the
release member (144), the release member
(144) is in the normal, expanded condition,
and the retraction member (146) is in the
relaxed, retracted condition.

2. The delivery device of claim 1, wherein the engage-
ment structure includes a spindle (60) forming a plu-
rality of longitudinal capture slots (122) and a circum-
ferential trough (126).

3. The delivery device of claim 2, wherein the delivery
state includes the retention member (146) being dis-
posed over the circumferential trough (126).

4. The delivery device of claim 2, wherein the deploy-
ment state includes the retention member (146) lo-
cated proximal the circumferential trough (126).

5. The delivery device of claim 1, wherein a longitudinal
distance between the base (140) and the retention

member (146) in the extended condition of the re-
traction member (142) is less than a longitudinal dis-
tance between the base (140) and the retention
member (146) in the relaxed, retracted condition.

6. The delivery device of claim 1, wherein the retention
member (146) is a linear spring.

7. The delivery device of claim 6, wherein the linear
spring is formed by a laser cut metal tube.

8. The delivery device of claim 1, wherein the release
member (144) is a deflection arm having a fixed end
(160), a free end (164), and an intermediate portion
(162) having a memory set angled shape.

9. The delivery device of claim 8, wherein the fixed end
(160) is spatially affixed to the retraction member
(142) and the free end (164) is radially deflectable
relative to the central axis, with the arm pivoting at
the fixed end (160).

10. The delivery device of claim 9, wherein the release
assembly (56) further includes a connection body
(170) interconnecting a distal side of the retraction
member (142) with a proximal side of the retention
member (146), the connection body (170) forming a
clearance slot (172) sized and positioned to permit
passage of the free end (164) in transitioning from
the expanded condition to the compressed condi-
tion.

11. The delivery device of claim 10, wherein the com-
pressed condition includes the free end (164) pro-
jecting through the clearance slot (172).

12. The delivery device of claim 11, wherein the inner
shaft assembly (54) further includes a tubular base
(100) forming a primary notch (116) proximal the en-
gagement structure, and further wherein the delivery
state includes the free end (164) nested within the
primary notch (116).

13. The delivery device of claim 12, wherein the tubular
base (100) further forms a secondary notch (118)
proximal the primary notch (116), and further where-
in the delivery device is configured to provide a re-
moval state in which the distal end (74) of the delivery
sheath (52) is distal the release member (144), the
retention member (146) is in the relaxed, retracted
condition, and the deflection arm is in the com-
pressed condition including the free end (164) nest-
ed within the secondary notch (118).

14. The delivery device of claim 8, wherein the release
member deflection arm (144) is a first release mem-
ber deflection arm, and further wherein the release
assembly (56) further includes a second release
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member deflection arm circumferentially opposite
the first release member deflection arm.

15. The delivery device of claim 1, wherein the release
member (144) defines a maximum radial projection
relative to the central axis in the normal, expanded
condition, and further wherein the maximum radial
projection is greater than a radius of the delivery
sheath lumen (76).

16. A system for restoring a defective heart valve of a
patient, the system comprising:

a prosthetic heart valve (20) having a stent frame
(22) and a valve structure (24) attached to the
stent frame (22), the stent frame (22) defining a
distal region and a proximal region, the proximal
region forming at least one post (40); and
a delivery device (50) according to any of claims
1, 6, and 8 to 12,
wherein the system is configured to provide a
loaded mode in which the prosthetic heart valve
(20) is retained within the delivery sheath (52)
and to the inner shaft assembly (54), including
the at least one post (40) slidably captured to
the engagement structure by the retention mem-
ber (146), with the retraction member (142) in
the extended condition and the release member
(144) in the compressed condition.

17. The system of claim 16, wherein the system is further
configured to provide a deployment mode in which
the distal end (74) is proximal the release member
(144), the release member (144) is in the normal,
expanded condition, and the retraction member
(142) is in the relaxed, retracted condition to with-
draw the retention member (146) from over the post
(40) and permit the prosthetic heart valve (20) to self-
deploy from the delivery device.

18. The system of claim 16, wherein the engagement
structure includes a spindle (60) forming a plurality
of longitudinal capture slots (122) and a circumfer-
ential trough (126), and further wherein the loaded
mode includes the post (40) slidably disposed within
one of the capture slots (122) and the trough (126),
the retention member (146) extending distal the
trough (126).

19. The system of claim 16, wherein the delivery mode
includes the delivery sheath (52) forcing the release
member (144) to the compressed condition.

20. The system of claim 16, wherein the delivery device
(50) is further transitionable from the deployment
mode to a removal state following deployment of the
prosthetic heart valve (20), the removal state includ-
ing the distal end (74) of the delivery sheath (52)

being distal the release member (144) to force the
release member (144) to the compressed condition
and the retraction member (142) in the relaxed, re-
tracted condition.

Patentansprüche

1. Freisetzungsvorrichtung (50) zum perkutanen Ent-
falten einer Herzklappenstentprothese (20), die ei-
nen Stentrahmen (22) aufweist, an dem eine Klap-
penstruktur (24) angebracht ist, wobei die Vorrich-
tung umfasst:

eine Freisetzungshülse (52), die an einem dis-
talen Ende (74) endet und ein Lumen (76) defi-
niert;
eine Innenstielanordnung (54), die verschiebbar
innerhalb des Lumens (76) angeordnet ist und
eine Eingriffsstruktur aufweist, die dazu ausge-
legt ist, eine Herzklappenprothese in Eingriff zu
nehmen; und
eine Löseanordnung (56), die zwischen der
Freisetzungshülse (52) und der Innenstielan-
ordnung (54) angeordnet ist, wobei die Lösea-
nordnung (56) eine Mittelachse definiert und
aufweist:

eine Basis (140), welche an die Innenstiela-
nordnung (54) nahe der Eingriffstruktur ge-
koppelt ist,
ein Einzugselement (142), das distal zur
Basis (140) liegt und dazu ausgelegt ist,
sich in longitudinaler Länge von allein aus
einer ausgezogenen Bedingung in eine
spannungsfreie, eingezogene Bedingung
einzuziehen,
ein Löseelement (144), das distal zum Ein-
zugselement (142) liegt und dazu ausgelegt
ist, sich in einer radialen Herausragung im
Verhältnis zur Zentralachse von allein aus
einer komprimierten Bedingung in eine nor-
male, expandierte Bedingung zu expandie-
ren,
ein Rückhalteelement (146) distal zum Lö-
seelement (144);
wobei die Vorrichtung dazu ausgelegt ist,
bereitzustellen:

einen Freisetzungszustand, in wel-
chem das distale Ende (74) der Frei-
setzungshülse distal zum Rückhaltee-
lement (146) liegt, das Löseelement
(144) in der komprimierten Bedingung
ist und das Einzugselement (142) in der
ausgezogenen Bedingung ist,
einen Entfaltungszustand, in welchem
das distale Ende (74) der Freisetzungs-
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hülse proximal zum Löseelement (144)
liegt, das Löseelement (144) in der nor-
malen, expandierten Bedingung ist und
das Einzugselement (146) in der span-
nungsfreien, eingezogenen Bedingung
ist.

2. Freisetzungsvorrichtung nach Anspruch 1, wobei die
Eingriffstruktur eine Spindel (60) aufweist, die eine
Vielzahl longitudinaler Aufnahmeschlitze (122) und
eine umlaufende Rinne (126) bildet.

3. Freisetzungsvorrichtung nach Anspruch 2, wobei
der Freisetzungszustand beinhaltet, dass das Rück-
halteelement (146) über der umlaufenden Rinne
(126) angeordnet ist.

4. Freisetzungsvorrichtung nach Anspruch 2, wobei
der Entfaltungszustand beinhaltet, dass sich das
Rückhalteelement (146) proximal zur umlaufenden
Rinne (126) befindet.

5. Freisetzungsvorrichtung nach Anspruch 1, wobei ein
longitudinaler Abstand zwischen der Basis (140) und
dem Rückhalteelement (146) in der ausgezogenen
Bedingung des Rückhalteelements (142) geringer
als ein longitudinaler Abstand zwischen der Basis
(140) und dem Rückhalteelement (146) in der span-
nungsfreien, eingezogenen Bedingung ist.

6. Freisetzungsvorrichtung nach Anspruch 1, wobei
das Rückhalteelement (146) eine lineare Feder ist.

7. Freisetzungsvorrichtung nach Anspruch 6, wobei die
lineare Feder durch ein lasergeschnittenes Metall-
röhrchen ausgebildet ist.

8. Freisetzungsvorrichtung nach Anspruch 1, wobei
das Löseelement (144) ein Biegearm mit einem fes-
ten Ende (160), einem freien Ende (164) und einem
Zwischenabschnitt (162) mit einer gedächtniseinge-
stellten gewinkelten Form ist.

9. Freisetzungsvorrichtung nach Anspruch 8, wobei
das feste Ende (160) räumlich an dem Einzugsele-
ment (142) befestigt ist und das freie Ende (164) im
Verhältnis zur Mittelachse radial biegbar ist, wobei
der Arm an dem festen Ende (160) schwenkt.

10. Freisetzungsvorrichtung nach Anspruch 9, wobei die
Löseanordnung (56) ferner einen Verbindungskör-
per (170) aufweist, der eine distale Seite des Ein-
zugselements (142) mit einer proximalen Seite des
Rückhalteelements (146) verbindet, wobei der Ver-
bindungskörper (170) einen Öffnungsschlitz (172)
bildet, der derart bemessen und positioniert ist, dass
ein Durchtritt des freien Endes (164) beim Überge-
hen aus der expandierten Bedingung in die kompri-

mierte Bedingung gestattet wird.

11. Freisetzungsvorrichtung nach Anspruch 10, wobei
die komprimierte Bedingung beinhaltet, dass das
freie Ende (164) durch den Öffnungsschlitz (172)
ragt.

12. Freisetzungsvorrichtung nach Anspruch 11, wobei
die Innenstielanordnung (54) ferner eine rohrförmige
Basis (100) aufweist, die eine primäre Einkerbung
(116) proximal zur Eingriffstruktur bildet, und ferner
wobei der Freisetzungszustand beinhaltet, dass das
freie Ende (164) in der primären Einkerbung (116)
sitzt.

13. Freisetzungsvorrichtung nach Anspruch 12, wobei
die rohrförmige Basis (100) ferner eine sekundäre
Einkerbung (118) proximal zur primären Einkerbung
(116) bildet, und ferner wobei die Freisetzungsvor-
richtung dazu ausgelegt ist, einen Herausnahmezu-
stand bereitzustellen, in welchem das distale Ende
(74) der Freisetzungshülse (52) distal zum Löseele-
ment (144) liegt, das Rückhalteelement (146) in der
spannungsfreien, eingezogenen Bedingung ist und
der Biegearm in der komprimierten Bedingung ist,
die beinhaltet, dass das freie Ende (164) in der se-
kundären Einkerbung (118) sitzt.

14. Freisetzungsvorrichtung nach Anspruch 8, wobei
der Löseelement-Biegearm (144) ein erster Lösee-
lement-Biegearm ist und ferner wobei die Lösean-
ordnung (56) ferner einen zweiten Löseelement-Bie-
gearm aufweist, der umlaufend gegenüber dem ers-
ten Löseelement-Biegearm liegt.

15. Freisetzungsvorrichtung nach Anspruch 1, wobei
das Löseelement (144) eine maximale radiale Her-
ausragung im Verhältnis zur Mittelachse in der nor-
malen, expandierten Bedingung definiert, und ferner
wobei die maximale radiale Herausragung größer
als ein Radius des Freisetzungshülsenlumens (76)
ist.

16. System zum Wiederherstellen einer defekten Herz-
klappe eines Patienten, wobei das System umfasst:

eine Herzklappenprothese (20) mit einem Sten-
trahmen (22) und einer an dem Stentrahmen
(22) angebrachten Klappenstruktur (24), wobei
der Stentrahmen (22) eine distale Region und
eine proximale Region definiert, wobei die pro-
ximale Region zumindest eine Stütze (40) bildet;
und
eine Freisetzungsvorrichtung (50) nach einem
der Ansprüche 1, 6 und 8 bis 12,
wobei das System dazu ausgelegt ist, einen ge-
ladenen Modus bereitzustellen, in welchem die
Herzklappenprothese (20) in der Freisetzungs-
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hülse (52) und an der Innenstielanordnung (54)
zurückgehalten wird, welche die zumindest eine
Stütze (40) aufweist, die durch das Rückhalte-
element (146) verschiebbar an der Eingriffstruk-
tur aufgenommen wird, wobei das Einzugsele-
ment (142) in der ausgezogenen Bedingung ist
und das Löseelement (144) in der komprimier-
ten Bedingung ist.

17. System nach Anspruch 16, wobei das System ferner
dazu ausgelegt ist, einen Entfaltungsmodus bereit-
zustellen, in welchem das distale Ende (74) proximal
zum Löseelement (144) liegt, das Löseelement
(144) in der normalen, expandierten Bedingung ist
und das Einzugselement (142) in der spannungsfrei-
en, eingezogenen Bedingung ist, um das Rückhal-
teelement (146) von über der Stütze (40) zurückzu-
ziehen und es zu gestatten, dass sich die Herzklap-
penprothese (20) von allein aus der Freisetzungs-
vorrichtung entfaltet.

18. System nach Anspruch 16, wobei die Eingriffstruktur
eine Spindel (60) aufweist, die eine Vielzahl longitu-
dinaler Aufnahmeschlitze (122) und eine umlaufen-
de Rinne (126) bildet, und ferner wobei der geladene
Modus beinhaltet, dass die Stütze (40) verschiebbar
in einem von den Aufnahmeschlitzen (122) und der
Rinne (126) angeordnet ist, wobei sich das Rückhal-
teelement (146) distal zur Rinne (126) erstreckt.

19. System nach Anspruch 16, wobei der Freisetzungs-
modus beinhaltet, dass die Freisetzungshülse (52)
das Löseelement (144) in die komprimierte Bedin-
gung drängt.

20. System nach Anspruch 16, wobei die Freisetzungs-
vorrichtung (50) ferner aus dem Entfaltungsmodus
in einen Herausnahmezustand nach der Entfaltung
der Herzklappenprothese (20) übergehen kann, wo-
bei der Herausnahmezustand beinhaltet, dass das
distale Ende (74) der Freisetzungshülse (52) distal
zum Löseelement (144) liegt, um das Löseelement
(144) in die komprimierte Bedingung und das Rück-
halteelement (142) in die spannungsfreie, eingezo-
gene Bedingung zu drängen.

Revendications

1. Dispositif d’implantation (50) pour déployer par voie
percutanée une valve cardiaque prothétique à ex-
tenseur (20), comprenant un cadre extenseur (22)
auquel une structure de valve (24) est fixée, le dis-
positif comprenant :

une gaine d’implantation (52) se terminant au
niveau d’une extrémité distale (74) et définissant
une lumière (76) ;

un ensemble arbre interne (54) disposé coulis-
sant à l’intérieur de la lumière (76) et compre-
nant une structure de mise en prise configurée
pour venir en prise sélectivement avec une valve
cardiaque prothétique ; et
un ensemble de libération (56) disposé entre la
gaine d’implantation (52) et l’ensemble arbre in-
terne (54), l’ensemble d’implantation (56) défi-
nissant un axe central et comprenant :

une base (140) reliée à l’ensemble arbre
interne (54) à proximité de la structure de
mise en prise,
un élément de rétraction (142) à l’écart de
la base (140) et configuré pour se rétracter
automatiquement sur la longueur longitudi-
nale d’un état étendu, à un état relâché, ré-
tracté,
un élément de libération (144) à l’écart de
l’élément de rétraction (142) et configuré
pour se dilater automatiquement en saillie
radiale par rapport à l’axe central, d’un état
comprimé à un état normal, dilaté,
un élément de retenue (146) à l’écart de
l’élément de libération (144) ;
dans lequel le dispositif est configuré pour
fournir :

un état d’implantation dans lequel l’ex-
trémité distale (74) de la gaine d’im-
plantation est à l’écart de l’élément de
retenue (146), l’élément de libération
(144) est dans l’état comprimé, et l’élé-
ment de rétraction (142) est dans l’état
étendu,
un état de déploiement dans lequel l’ex-
trémité distale (74) de la gaine d’im-
plantation est à proximité de l’élément
de libération (144), l’élément de libéra-
tion (144) est dans l’état normal, dilaté,
et l’élément de rétraction (146) est dans
l’état relâché, rétracté.

2. Dispositif d’implantation selon la revendication 1,
dans lequel la structure de mise en prise comprend
un fuseau (60) formant une pluralité de fentes de
capture longitudinales (122) et un creux circonféren-
tiel (126).

3. Dispositif d’implantation selon la revendication 2,
dans lequel l’état d’implantation comprend la dispo-
sition de l’élément de retenue (146) au-dessus du
creux circonférentiel (126).

4. Dispositif d’implantation selon la revendication 2,
dans lequel l’état d’implantation comprend le posi-
tionnement de l’élément de retenue (146) à proximité
du creux circonférentiel (126).
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5. Dispositif d’implantation selon la revendication 1,
dans lequel une distance longitudinale entre la base
(140) et l’élément de retenue (146) dans l’état étendu
de l’élément de rétraction (142) est inférieure à une
distance longitudinale entre la base (140) et l’élé-
ment de retenue (146) dans l’état relâché, rétracté.

6. Dispositif d’implantation selon la revendication 1,
dans lequel l’élément de retenue (146) est un ressort
linéaire.

7. Dispositif d’implantation selon la revendication 6,
dans lequel le ressort linéaire est formé par un tube
métallique découpé au laser.

8. Dispositif d’implantation selon la revendication 1,
dans lequel l’élément de libération (144) est un bras
de déviation ayant une extrémité fixe (160), une ex-
trémité libre (164) et une partie intermédiaire (162)
ayant une forme angulaire définie par mémoire de
forme.

9. Dispositif d’implantation selon la revendication 8,
dans lequel l’extrémité fixe (160) est spatialement
fixée à l’élément de rétraction (142) et l’extrémité
libre (164) peut être déviée radialement par rapport
à l’axe central, le bras pivotant au niveau de l’extré-
mité fixe (160).

10. Dispositif d’implantation selon la revendication 9,
dans lequel l’ensemble de libération (56), comprend
en outre un corps de connexion (170) interconnec-
tant un côté distal de l’élément de rétraction (142) à
un côté proximal de l’élément de retenue (146), le
corps de connexion (170) formant une fente de dé-
gagement (172) dimensionnée et positionnée de
sorte à permettre le passage de l’extrémité libre
(164) lors de la transition de l’état dilaté à l’état com-
primé.

11. Dispositif d’implantation selon la revendication 10,
dans lequel l’état comprimé comprend la saillie d’ex-
trémité libre (164) à travers la fente de dégagement
(172).

12. Dispositif d’implantation selon la revendication 11,
dans lequel l’ensemble arbre interne (54) comprend
en outre une base tubulaire (100) formant une en-
taille principale (116) à proximité de la structure de
mise en prise, et en outre dans lequel l’état d’implan-
tation comprend l’emboîtement de l’extrémité libre
(164) dans l’entaille principale (116).

13. Dispositif d’implantation selon la revendication 12,
dans lequel la base tubulaire (100) forme en outre
une entaille secondaire (118) à proximité de l’entaille
principale (116), et en outre dans lequel le dispositif
d’implantation est configuré pour fournir un état d’ex-

traction dans lequel l’extrémité distale (74) de la gai-
ne d’implantation (52) est à l’écart de l’élément de
libération (144), l’élément de retenue (146) est dans
l’état relâché, rétracté et le bras de déviation est dans
l’état comprimé comprenant l’emboîtement de l’ex-
trémité libre (164) dans l’entaille secondaire (118).

14. Dispositif d’implantation selon la revendication 8,
dans lequel le bras de déviation d’élément de libé-
ration (144) est un premier bras de déviation d’élé-
ment de libération et en outre dans lequel l’ensemble
de libération (56) comprend en outre un second bras
de déviation d’élément de libération opposé dans le
sens circonférentiel au premier bras de déviation
d’élément de libération.

15. Dispositif d’implantation selon la revendication 1,
dans lequel l’élément de libération (144) définit une
saillie radiale maximale par rapport à l’axe central
dans l’état normal, dilaté, et en outre dans lequel la
saillie radiale maximale est supérieure à un rayon
de la lumière de gaine d’implantation (76).

16. Système de restauration d’une valve cardiaque dé-
fectueuse d’un patient, le système comprenant :

une valve cardiaque prosthétique (20) ayant un
cadre extenseur (22) et une structure de valve
(24) fixée au cadre extenseur (22), le cadre ex-
tenseur (22) définissant une région distale et
une région proximale, la région proximale for-
mant au moins un montant (40) ; et
un dispositif d’implantation (50) selon l’une quel-
conque des revendications 1, 6, et 8 à 12,
dans lequel le système est configuré pour fournir
un mode chargé dans lequel la valve cardiaque
prosthétique (20) est retenue à l’intérieur de la
gaine d’implantation (52) et sur l’ensemble arbre
interne (54), comprenant la capture de manière
coulissante de l’au moins un montant (40) sur
la structure de mise en prise par l’élément de
retenue (146), avec l’élément de rétraction (142)
dans l’état étendu et l’élément de libération (144)
dans l’état comprimé.

17. Système selon la revendication 16, dans lequel le
système est en outre configuré pour fournir un mode
de déploiement dans lequel l’extrémité distale (74)
est à proximité de l’élément de libération (144), l’élé-
ment de libération (144) est dans l’état normal, dilaté,
et l’élément de rétraction (142) est dans l’état relâ-
ché, rétracté pour retirer l’élément de retenue (146)
à partir du dessus du montant (40) et permettre à la
valve cardiaque prosthétique (20) de s’auto-dé-
ployer à partir du dispositif d’implantation.

18. Système selon la revendication 16, dans lequel la
structure de mise en prise comprend un fuseau (60)
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formant une pluralité de fentes de capture longitudi-
nales (122) et un creux circonférentiel (126), et en
outre dans lequel le mode chargé comprend la dis-
position coulissante du montant (40) à l’intérieur
d’une des fentes de capture (122) et du creux (126),
l’élément de retenue (146) s’étendant à l’écart du
creux (126).

19. Système selon la revendication 16, dans lequel le
mode d’implantation comprend la poussée en force
par la gaine d’implantation (52) de l’élément de libé-
ration (144) vers l’état comprimé.

20. Système selon la revendication 16, dans lequel le
dispositif d’implantation (50) peut en outre passer du
mode de déploiement à un état de retrait suite au
déploiement de la valve cardiaque prosthétique (20),
l’état de retrait comprenant le positionnement de l’ex-
trémité distale (74) de la gaine d’implantation (52) à
l’écart de l’élément de libération (144) pour pousser
en force l’élément de libération (144) vers l’état com-
primé et l’élément de rétraction (142) dans l’état re-
lâché, rétracté.

33 34 



EP 2 563 277 B1

19



EP 2 563 277 B1

20



EP 2 563 277 B1

21



EP 2 563 277 B1

22



EP 2 563 277 B1

23



EP 2 563 277 B1

24



EP 2 563 277 B1

25



EP 2 563 277 B1

26



EP 2 563 277 B1

27



EP 2 563 277 B1

28



EP 2 563 277 B1

29



EP 2 563 277 B1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 61328230 A [0001]
• US 20100049313 A [0008]
• US 20060265056 A [0015]

• US 20070239266 A [0015]
• US 20070239269 A [0015]


	bibliography
	description
	claims
	drawings
	cited references

