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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 62/882,961, filed August 5,
2019.

FIELD OF THE INVENTION

[0002] The invention relates to a system for implanting
a therapeutic heart valve device at a native heart valve
of a patient’s heart.

BACKGROUND OF THE INVENTION

[0003] The human heart has four major valves which
moderate and direct blood flow in the cardiovascular sys-
tem. These valves serve critical functions in assuring a
unidirectional flow of an adequate blood supply through
the cardiovascular system. The mitral valve and aortic
valve control the flow of oxygen-rich blood from the lungs
to the body. The mitral valve lies between the left atrium
and left ventricle, while the aortic valve is situated be-
tween the left ventricle and the aorta. Together, the mitral
and aortic valves ensure that oxygen-rich blood received
from the lungs is ejected into systemic circulation. The
tricuspid and pulmonary valves control the flow of oxy-
gen-depleted blood from the body to the lungs. The tri-
cuspid valve lies between the right atrium and right ven-
tricle, while the pulmonary valve is situated between the
right ventricle and the pulmonary artery. Together the
tricuspid and pulmonary valves ensure unidirectional
flow of oxygen-depleted blood received from the right
atrium towards the lungs.

[0004] Heart valves are passive structures composed
of leaflets that open and close in response to differential
pressures on either side of the valve. The aortic, pulmo-
nary, and tricuspid valves have three leaflets, while the
mitral valve has only two leaflets. Dysfunction of the car-
diac valves is common and can have profound clinical
consequences. Regurgitation occurs when the valve
leaflets do not meet, or "coapt" correctly, thus causing
blood to leak backwards through the valve each time the
heart pumps. Failure of the valves to prevent regurgita-
tion leads to an increase in the pressure of blood in the
lungs or liver and reduces forward blood flow, causing
the heart to pump more blood to compensate for the loss
of pressure. Such degradation may result in serious car-
diovascular compromise or even death. Valvular dys-
function either results from a defect in the valve leaflet
or supporting structure, or dilation of the fibrous ring sup-
porting the valve. These factors lead to poor coaptation
of valve leaflets, allowing blood to travel in the wrong
direction.

[0005] Previously known medical treatments to ad-
dress diseased valves generally involve either repairing
the diseased native valve or replacing the native valve
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with a mechanical or biological valve prosthesis. Previ-
ously-known valve prostheses have some disadvantag-
es, such as the need for long-term maintenance with
blood thinners, the risk of clot formation, limited durability,
etc. Accordingly, valve repair, when possible, usually is
preferable to valve replacement. However, most dys-
functional valves are too diseased to be repaired using
previously known methods and apparatus. Accordingly,
a need exists for a prosthesis capable of assisting heart
valve function that enables treatment of a larger patient
population, while reducing the need to fully supplant the
native heart valve.

[0006] Formany years, the standard treatmentfor such
valve dysfunction called for surgical repair or replace-
ment of the valve during open-heart surgery, a procedure
conducted under general anesthesia. Anincision is made
through the patient’s sternum (sternotomy), and the heart
is accessed and stopped while blood flow is rerouted
through a heart-lung bypass machine. When replacing
the valve, the native valve is excised and replaced with
either a mechanical or biological prosthesis. However,
these surgeries are prone to many complications and
long hospital stays for recuperation.

[0007] More recently, transvascular techniques have
been developed for introducing and implanting a replace-
ment valve, using a flexible catheter in a manner less
invasive than open-heart surgery. In such techniques, a
replacement valve is mounted in a compressed state at
the end of a flexible catheter and advanced through the
blood vessel of a patient until the prosthetic valve reaches
the implantation site. The valve then is expanded to its
functional size at the site of the defective native valve,
usually by inflating a balloon within where the valve has
been mounted. By expanding the prosthetic valve, the
native valve leaflets are generally pushed aside and ren-
dered ineffective. Examples of such devices and tech-
niques, wherein the native valve is replaced in its entirety
by a substitute tissue valve, are described, for example,
in U.S. Patent Nos. 6,582,462 and 6,168,614 to An-
dersen.

[0008] Prostheses have been produced and used for
over sixty years to treat cardiac disorders. They have
been made from a variety of materials, both biological
and artificial. Mechanical or artificial valves generally are
made from non-biological materials, such as plastics or
metals. Such materials, while durable, are prone to blood
clotting and thrombus formation, which in turn increases
the risk of embolization and stroke or ischemia. Antico-
agulants may be taken to prevent blood clotting that may
resultin thromboembolic complications and catastrophic
heart failure, however, such anti-clotting medication may
complicate a patient’s health due to the increased risk of
hemorrhage.

[0009] In contrast, "bio-prosthetic" valves are con-
structed with prosthetic leaflets made of natural tissue,
such as bovine, equine or porcine pericardial tissue,
which functions very similarly to the leaflets of the natural
human heart valve by imitating the natural action of the
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heart valve leaflets, coapting between adjacent tissue
junctions known as commissures. The main advantage
of valves made from tissue is they are not as prone to
blood clots and do not absolutely require lifelong system-
ic anticoagulation.

[0010] Inrecentyears,bio-prosthetic valves have been
constructed by integrating prosthetic leaflets made from
natural tissue into a stent-like supporting frame, which
provides a dimensionally stable support structure for the
prosthetic leaflets. In more advanced prosthetic heart
valve designs, besides providing dimensionally stable
support structure for the prosthetic leaflets, the stent-like
supporting frame also imparts a certain degree of con-
trolled flexibility, thereby reducing stress on the prosthetic
leaflet tissue during valve opening and closure and ex-
tending the lifetime of the prosthetic leaflets. In most de-
signs, the stent-like supporting frame is covered with a
biocompatible cloth (usually a polyester material such as
Dacron™ or polytetrafluoroethylene (PTFE)) that pro-
vides sewing attachment points for the prosthetic leaflet
commissures and prosthetic leaflets themselves. Alter-
natively, a cloth-covered suture ring may be attached to
the stent-like supporting frame, providing a site for sew-
ing the valve structure in position within the patient’s heart
during a surgical valve replacement procedure.

[0011] While iterative improvements have been made
on surgical bio-prosthetic valves over the last several
decades, existing bio-prosthetic valves still have draw-
backs. In most designs, the bio-prosthetic valve is im-
planted as a replacement for the native valve, filling the
entire space the native valve had occupied. One draw-
back to this procedure is the mismatch in size and mass
between opposing surfaces of the stent-like supporting
frame. The mismatch is often due to the variability in the
shapes and mechanical characteristics of the stent-like
supporting frame. For prosthetic valves with balloon-ex-
pandable stent-like supporting frames, the recoil of the
supporting frames post-balloon-inflation may lead to
perivalvular leaks around the circumference of the pros-
thetic valve and potential slippage and migration of the
valve post-implantation. Another risk associated with
prosthetic valves having balloon-expandable supporting
frames is potential damage to the prosthetic leaflets of
the prosthesis during implantation, when the prosthetic
leaflets may be compressed between the balloon and
the supporting frame. For prosthetic valves with self-ex-
panding stent-like supporting frames, mismatch may
arise due to the deformation/movement of the supporting
frame, e.g., slight deformation of the frame into a less
than circular shape during normal cardiac movement.
Such mismatch may lead to instability among compo-
nents of a prosthetic valve, resulting in perivalvular leaks
and uneven stress distribution in the prosthetic leaflets,
resulting in accelerated wear of the valve.

[0012] Some innovation has addressed these prob-
lems by augmenting, rather than replacing, the native
valve. The simplest of these devices is a plug suspended
across the center of the valve that allows the native leaf-
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lets to coapt against the plug body to block regurgitation,
as described in U.S. Patent No. 7,854,762 to Speziali.
Though the plug design helps to prevent regurgitation,
the major drawback is that it also blocks some of the
blood flow during diastole. Improved prostheses are de-
scribed in U.S. Patent Nos. 10,383,729 and 10,682,231
to Quinnand WO 2019/154927. US2018/168803 (Pesce
Luca et al) describes a device for supporting functions
of a heart valve and methods for making and using the
same. US2017/209265 (Karapetian Emil) describes
methods, systems, and apparatus for replacing native
heart valves with prosthetic heart valves and treating val-
vular insufficiency. W02013/016618 (Cleveland Clinic
Foundation) describes an apparatus for treating regurgi-
tation of blood through a diseased heart valve.
US2013/018459 (Maisano Francesco et al) describes a
method and apparatus for tricuspid valve repair using
tension. US2019/209297 (Metchik Asher et al) describes
asystem forimplanting a repair device onto a native valve
of a natural heart to repairing the native valve of a patient
during a non-open-heart procedure. US2009/240326
(Wilson, Jonathan et al) describes an implant delivery
and deployment system and method.

[0013] Itwould bedesirable tofurtherenhance designs
to, for example, allow easier delivery of a prosthetic de-
vice to a cardiac valve, provide a robust structure that
ensures integrity of an implanted prosthetic including its
prosthetic leaflets, and improve coaptation of the device
with the native leaflets to reduce regurgitation.

SUMMARY OF THE INVENTION

[0014] The invention provides a system for implanting
a therapeutic heart valve as set out in claim 1. Optional
features are set out in the dependent claims 2 to 15. The
following sets out various aspects described in the spec-
ification. The present disclosure describes improved
heart valve repair apparatus and methods that, for ex-
ample, allow more reliable delivery of the prosthetic de-
vice to the cardiac valve, provide robust structure, and
minimize regurgitation. The apparatus and methods may
be optimized for use in treating cardiac valve regurgita-
tion when the native leaflets of the cardiac valve do not
coapt correctly, thus causing blood to leak backwards
through the valve as the heart pumps. Advantageously,
apparatus of the present disclosure are configured for
implantation at a cardiac valve within a blood flow path
such that the native leaflets abut the apparatus during
the portion of the cardiac cycle when the cardiac valve
attempts to close, thereby enhancing native leaflet co-
aptation and minimizing regurgitation.

[0015] A system is provided forimplanting a therapeu-
tic heart valve device at a native heart valve (e.g., tricus-
pid, mitral, pulmonary, or aortic valve) of a patient’s heart.
The system as described includes a prosthetic device
(e.g., a prosthetic valve) that is implanted at the native
heart valve, a support coupled to the prosthetic device,
and an actuator coupled to the support. The support in-
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cludes a delivery portion that is used for delivery and an
implantable portion thatremains coupled to the prosthetic
device after delivery and stays implanted with the pros-
thetic device. During delivery, the delivery portion is at-
tached to the implantable portion and, after suitable
placement of the prosthetic device at the native heart
valve, the portions are detached and the delivery portion
is removed from the patient. For example, the support
may have an elongated shaft with a proximal, delivery
portion and a distal, implantable portion that is structured
to maintain the prosthetic device atthe native heart valve.
The actuator is actuated to cause the components of the
distal, implantable portion to lock together, and cause
the proximal, delivery portion to detach from the distal,
implantable portion atan area (e.g., the detachment area
within a blood vessel coupled to the heart such as the
inferior vena cava or superior vena cava) responsive to
actuation such that the proximal, delivery portion may be
removed from the patient while the distal, implantable
portion remains implanted within the patient. For exam-
ple, a clinician may actuate one or more knobs, sliders,
buttons, or the like on an actuator, e.g., one or more han-
dles, coupled to the support. The one or more knobs,
sliders, buttons, or the like on the actuator may be the
same for locking and detachment or may be different.
For example, a knob(s) and/or button(s) may be moved
in a first direction on the actuator to lock and moved in a
second direction (e.g., opposite direction) to detach. The
distal, implantable portion of the support may then remain
implanted with the prosthetic device to anchor the pros-
thetic device at a suitable position within the native heart
valve.

[0016] The support may also permit steering of the
prosthetic device during delivery for suitable positioning
for implantation. The elongated rail of the support is ex-
pected to provide enhanced steering although alternative
or additional mechanisms may be used such as pull wire
steering. The support further allows for extension and
telescoping to increase and/or decrease the length of
support for suitable positioning of the prosthetic device
atthe native cardiac valve. For example, the body support
catheter may be capable of telescoping to move the pros-
thetic device into the suitable position within the native
cardiac valve.

[0017] The support may include an elongated rail hav-
ing an elongated rail distal portion at the distal, implant-
able portion of the elongated shaft and an elongated rail
proximal portion at the proximal, delivery portion of the
elongated shaft. The elongated rail distal portion may be
attached to the elongated rail proximal portion during de-
livery and detached at the detachment area by the actu-
ator for implantation of the elongated rail distal portion.
[0018] Inaddition, the support may include a body sup-
port catheter having a body support catheter distal por-
tion at the distal, implantable portion of the elongated
shaft and a body support catheter proximal portion at the
proximal, delivery portion of the elongated shaft. The
body support catheter distal portion may be attached to
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the body support catheter proximal portion during deliv-
ery and detached at the detachment area by the actuator
for implantation of the body support catheter distal por-
tion. For example, the body support catheter distal por-
tion may include a distal body support locking portion and
a distal body support connection portion. Additionally,
the body support catheter proximal portion may include
a distal body support locking portion, and the body sup-
port catheter may include a body support catheter lock
that may move from a first delivery position to a second
locked position over the distal body support locking por-
tion to lock the body support catheter distal portion in an
implantable configuration.

[0019] Inaddition, the body support catheter distal por-
tion may include a distal body support connection portion
proximal to the distal body support locking portion, and
the body support catheter proximal portion may include
a body support catheter connection that is transitionable
between a collapsed configuration where the body sup-
port catheter connection has features that engage and
interlink with reciprocal features in the distal body support
connection portion of the body support catheter distal
portion and an expanded or otherwise releasing config-
uration where the body support catheter connection dis-
engages with the distal body support connection portion
of the body support catheter distal portion.

[0020] Additionally, the body support catheter proximal
portion may include a body support catheter pusher that
may move the body support catheter lock from the first
delivery position where the body support catheter con-
nection is maintained in its collapsed configuration, to
the second locked position where the body support cath-
eterlockis positioned over the distal body supportlocking
portion of the body support catheter distal portion to lock
the body support catheter distal portion in the implantable
configuration. The body support catheter pusher may be
retracted proximally to expose the body support catheter
connection such that the body support catheter connec-
tion may transition from the collapsed or otherwise inter-
linked configuration to the expanded or otherwise disen-
gaged configuration. When the body support catheter
lock is in the second locked position, the body support
catheter distal portion locks to the elongated rail distal
portion and to the shaping catheter distal portion.
[0021] Moreover, the support may include a shaping
catheter having a shaping catheter distal portion at the
distal, implantable portion of the elongated shaft and a
shaping catheter proximal portion at the proximal, deliv-
ery portion of the elongated shaft. The shaping catheter
distal portion may be attached to the shaping catheter
proximal portion during delivery and detached at the de-
tachment area by the actuator for implantation of the
shaping catheter distal portion. The shaping catheter dis-
tal portion may further include a distal shaping locking
portion and the shaping catheter may include a shaping
catheter lock that may move from a first delivery position
to a second locked position over the distal shaping lock-
ing portion to lock the shaping catheter distal portion in
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an implantable configuration. In addition, the shaping
catheter distal portion may include a distal shaping con-
nection portion proximal to the distal shaping locking por-
tion, and the shaping catheter proximal portion may in-
clude a shaping catheter connection that is transitionable
between a collapsed or otherwise interlinked configura-
tion where features of the shaping catheter connection
engage with the reciprocal interlinking features of the dis-
tal shaping connection portion of the shaping catheter
distal portion and an expanded or otherwise releasing
configuration where the shaping catheter connection dis-
engages with the distal shaping connection portion of the
shaping catheter distal portion.

[0022] Additionally, the shaping catheter proximal por-
tion may include a shaping catheter pusher that may
move the shaping catheter lock from the first delivery
position where the shaping catheter connection is main-
tained inits collapsed configuration, to the second locked
position where the shaping catheter lock is positioned
over the distal shaping locking portion of the shaping
catheter distal portion to lock the shaping catheter distal
portion in the implantable configuration. The shaping
catheter pusher may be retracted proximally to expose
the shaping catheter connection such that the shaping
catheter connection may transition from the collapsed
configuration to the expanded configuration. When the
shaping catheter lock is in the second locked position,
the shaping catheter distal portion locks to the anchor
tube in the implantable configuration.

[0023] The support further may include an anchor for
anchoring the support to an anchor site within the patient,
e.g.,toablood vessel coupled to the heart. For example,
the anchor may be a stent such as a self-expandable
stent that may be tapered and may be coupled to the
support adjacent to the detachment area. The anchor
may have alternative or additional feature to enable ro-
bust mating to the anchor to specific location in the vessel
where itis positioned. The detachment area may be with-
in the anchor. Additionally, the support may include an
anchor tube coupled to the distal, implantable portion of
the elongated shaft of the support, such that the anchor
is coupled to the anchor tube. The proximal, delivery por-
tion of the support may detach from the distal, implantable
portion within the anchor tube. The proximal end of the
implantable anchor tube maybe fully enveloped by the
anchor.

[0024] The anchor tube may include an anchor tube
distal portion at the distal, implantable portion of the elon-
gated shaft and an anchor tube proximal portion at the
proximal, delivery portion of the elongated shaft. The an-
chor tube distal portion may be attached to the anchor
tube proximal portion during delivery and detached at the
detachment area by the actuator for implantation of the
anchor tube distal portion. In addition, the anchor tube
distal portion may include a distal anchor tube connection
portion, and the proximal anchor tube may include an
anchor tube connection that is transitionable between a
collapsed configuration where the anchor tube connec-
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tion engages with the distal anchor tube connection por-
tion and an expanded configuration where the anchor
tube connection disengages with the distal anchor tube
connection portion. Moreover, the anchor tube further
may include an anchor tube sleeve that may move from
a first delivery position where anchor tube connection is
maintained in the collapsed configuration, to a second
retrieval position such that the anchor tube connection
transitions from its collapsed configuration to the expand-
ed configuration.

[0025] In some examples, the support includes an
elongated rail disposed within a first catheter disposed
within a second catheter, such that the distal portions of
each of the elongated rail, the first catheter, and the sec-
ond catheter may lock together within the patient respon-
sive to actuation. In this manner, the distal portions of
the elongated rail, the first catheter, and the second cath-
eter remain implanted with the prosthetic device while
proximal portions of the elongated rail, the first catheter,
and the second catheter are not implanted.

[0026] The prosthetic device mayinclude a frame form-
ing a conduit, an outer skirt, and a plurality of prosthetic
leaflets. For example, the prosthetic device may be a
prosthetic valve with a plurality of prosthetic leaflets that
open and close during the cardiac cycle responsive to
natural pressure changes at the cardiac valve that cause
the native leaflets to open and close. The frame may
include a proximal ring and a distal ring. The proximal
ring may be coupled to a plurality of prosthetic leaflet
anchors, and the plurality of prosthetic leaflet anchors
may include a plurality of suture eyelets for permitting
suturing of the plurality of prosthetic leaflets to the frame.
In addition, the frame further may include an inner ring
disposed distal to the proximal ring, the inner ring coupled
to the proximal ring via the plurality of prosthetic leaflets
anchors.

[0027] The frame of the prosthetic valve also may in-
clude a spine that may be coupled to the support. The
frame may be formed from a single piece or multiple piec-
es. Forexample, the spine may include a spine elongated
shaft that extends through the prosthetic device. The
proximal ring may be coupled to the spine via a plurality
of proximal tethers, and the distal ring may be coupled
to the spine via a plurality of distal tethers. Moreover, the
spine may include a spine connector having a first ge-
ometry, and a distal end of the support may include a
support connector having a second geometry that may
engage or interlink with the first geometry of the spine
connector. For example, the support further may include
asleeve, which may coverand compress, or an otherwise
radially constrained feature that may be disposed over
the support connector and the spine connector when the
support connector is engaged with the spine connector.
[0028] In accordance with another aspect of the
present disclosure, the spine connector may include at
least one prong and sleeve or at least two prongs, each
of the prongs having a snap fit portion, and the support
connector may have a cavity having a first portion with a
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first cross-sectional area and a second portion with a
second cross-sectional area larger than the first cross-
sectional area. Accordingly, the spine connector may be
inserted within the cavity of the support connector such
that the prongs bend radially inward until the snap fit por-
tion of the prongs engages with the second portion of the
cavity. In accordance with another aspect of the present
disclosure, the spine connector may include a first
threaded portion, and the support connector may include
a second threaded portion that may mate with the first
threaded portion of the spine connector. Moreover, the
system may include an inner torque limiting ring and an
outer torque limiting ring coupled to the inner torque lim-
iting ring via a plurality of flexible struts, such that the
inner torque limiting ring may engage with the first and
second threaded portions to permit tightening of a con-
nection between the first and second threaded portions
while limiting torque applied to the first and second
threaded portions via the outer torque limiting ring. In an
alternative approach the male and female threaded sec-
tions may include features that serve to compress or de-
flect during engagement in a manner that prevent loos-
ening or disengagement when the connector is subjected
to vibration or cyclic loading associated with the cardiac
cycle. Example embodiments may be a compressible o-
ring or a spring washer.

[0029] In accordance with another aspect of the
present disclosure, a delivery system for implanting a
therapeutic heart valve device at a native heart valve of
a patient’'s heart is provided. The delivery system in-
cludes a proximal elongated shaft that may be detachably
coupled, in a delivery state, to a distal elongated shaft
that may be coupled to a prosthetic device. The proximal
elongated shaft and the distal elongated shaft have a
length, when coupled, to percutaneously deliver the pros-
thetic device to the native heart valve for implantation.
The delivery system further may include an actuator cou-
pled to the proximal elongated shaft. The actuator is ac-
tuated to cause the proximal elongated shaft to detach
from the distal elongated shaft ata detachment area with-
in the patient responsive to actuation to implant the pros-
thetic device and the distal elongated shaft within the
patient in the deployed state. For example, the proximal
elongated shaft may include an elongated rail disposed
within a body support catheter disposed within a shaping
catheter, each structured to attach to a corresponding
component in the distal elongated shaft during delivery
and to detach for implantation.

[0030] In accordance with another aspect of the
presentdisclosure, a method for implanting a therapeutic
heart valve device at a native heart valve of a patient’s
heart is provided. The method for implanting disclosed
in the present application, does not form part of the
present invention, the method is considered useful for
understanding the invention. The method may include
advancing the prosthetic device to the native heart valve,
anchoring the distal, implantable portion of the support
within the patient to maintain the prosthetic device at the
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native heart valve, and actuating the actuator coupled to
the support to cause the proximal, delivery portion to de-
tach from the distal, implantable portion at a detachment
area within the patient responsive to actuation.

[0031] In accordance with another aspect of the
presentdisclosure, the system forimplanting a therapeu-
tic heart valve device at a native heart valve of a patient’s
heart may include a prosthetic device that may be im-
planted at the native heart valve, and a support coupled
to the prosthetic device and including an elongated shaft
having a distal, implantable portion having a lock. The
support maintains the prosthetic device at the native
heart valve. The system further may include an actuator
coupled to the support. The actuator may be actuated to
activate the lock to lock the distal, implantable portion in
an implantable configuration within the patient respon-
sive to actuation. In addition, the support may include an
elongated rail disposed within a first catheter disposed
within a second catheter, such that the distal portions of
each of the elongated rail, the first catheter, and the sec-
ond catheter may lock together within the patient respon-
sive to actuation. Moreover, the system may include a
second lock that may lock the distal, implantable portion
to an anchor system within the patient responsive to ac-
tuation at the actuator. The elongated shaft of the support
may include a proximal, delivery portion, such that the
actuator may be actuated to cause the proximal, delivery
portion to detach from the distal, implantable portion at
a detachment area within the patient responsive to actu-
ation.

[0032] Inaccordance with some aspects of the present
disclosure, the prosthetic device may be a prosthetic co-
aptation body that may be a plug/spacer or may be a
prosthetic valve contained in a conduit to reduce regur-
gitation, that is inserted through a blood vessel on a sup-
port that may extend out of the heart for anchoring in the
blood vessel. The conduit is preferably designed to allow
the native leaflets to continue to move and coapt against
the outer surface of the conduit when the native leaflets
naturally close during the cardiac cycle. The outer sur-
face may be designed to minimize trauma to the native
leaflets by surface texturing or selection of material prop-
erties. The support may include a rail and/or a steerable
catheter, which is coupled to the conduit and extends
from the conduit’s proximal end. The rail and/or steerable
catheter may extend into a tube coupled to a stent, or
otherwise anchoring embodiment, engaged to a blood
vessel. The stent and tube act to stabilize the rail and/or
steerable catheter and may bias it to one side of the ves-
sel. The rail may have a predefined bend to properly po-
sition the conduit across the native valve. The steerable
catheter may be used to position the conduit across the
native valve and then can be locked in place. If the po-
sition of the conduit needs to be adjusted, the steerable
catheter may be steered post-implantation through man-
ual and/or motorized controls.

[0033] Thesupportmay have sufficientstiffness to sus-
pend and maintain the prosthetic coaptation body across
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the native cardiac valve without contacting (or anchoring
to) cardiac tissue such as the native valve annulus, atrial
tissue, and/or ventricular tissue. The support may be an-
chored outside the heart, for example, in a blood vessel
coupled to the heart such as the superior vena cava or
inferior vena cava. Advantageously, this anchoring out-
side the heartand allowing the prosthetic coaptation body
to be suspended in a free-standing manner in the heart
reduces tissue damage inside the heart as compared to
other prosthetic heart valve designs that are anchored
to tissue within the heart. The support may be coupled
to the prosthetic coaptation body by rigid or stiff tethers,
which hold the conduit in place more accurately than the
tensile wires used in previous designs. In some exam-
ples, the support does not extend distally past the pros-
thetic valve and may be coupled to the prosthetic coap-
tation body only at the prosthetic coaptation body’s prox-
imal end and distal end or only at the proximal end or
only at the distal end. The support may be coupled to the
inner ring of the frame via radially extending tether arms.
The conduit shape is supported by a frame, which may
be laser cut from a metal tube. In some examples, the
frame has a proximal outer ring at its proximal end and
a distal outer ring at its distal end.

[0034] The outerrings may be coupled together by lon-
gitudinal struts. The longitudinal struts may be angled,
for example, towards one another to form a plurality of
triangle-like shapes extending radially around the frame.
Alternatively, the frame does not have struts between the
proximal and distal rings such that the skirt is unsupport-
ed between the proximal and distal rings.

[0035] The outer surface of the prosthetic coaptation
body may be formed by an outer skirt. The outer skirt
may be made of rigid material or compliant material such
as pericardium. The outer skirt may extend around the
circumference of the frame to form an outer surface to
which the native leaflets coapt when closed during the
cardiac cycle. The side walls of the outer skirt may be
formed from flexible material to enhance coaptation with
the native leaflets when the native leaflets close. The
frame also may contain an inner ring that may be located
at its proximal end may be roughly concentric with the
proximal outer ring. The frame may have predefined kink
points to allow for reliable transition from the compressed
delivery state into the expanded deployed state. The
proximal outer ring, the inner ring, and/or the distal outer
ring may exhibit a sinusoidal, triangular or other oscillat-
ing shape to further allow reliable compression and ex-
pansion.

[0036] The prosthetic coaptation body may include a
proximal skirt that is coupled to and fills the space be-
tween the innerring and proximal outer ring. The proximal
skirt may be made of rigid material or of compliant ma-
terial such as pericardium. The proximal skirt and outer
skirt may be integrally formed of a single piece of material.
The proximal skirt and outer skirt allow the native valves
to coapt against the conduit to help prevent regurgitation.
Prosthetic leaflets may be coupled to the inner ring there-

10

15

20

25

30

35

40

45

50

55

by forming a valve. The prosthetic leaflets may also be
coupled to slotted leaflet mounting features. The pros-
thetic leaflets are preferably made of compliant material
such as pericardium and allow blood to flow distally
through the conduit but prevent blood from flowing prox-
imally through the conduit.

[0037] To implant the device, the rail and/or steerable
catheter and the prosthetic coaptation body may be in-
serted into a delivery sheath. The prosthetic coaptation
body collapses into its compressed delivery state. The
anchor and anchor tube may be contained within the
same delivery sheath. A sheath introducer may be per-
cutaneously inserted into a blood vessel. The delivery
sheath may be inserted through the sheath introducer
and moved through the blood vessel to the heart. The
prosthetic coaptation body is then exposed from the distal
end of the sheath and expands into its expanded de-
ployed state (e.g., self-expands or expands via an ex-
pandable device such as a balloon). The steerable cath-
eterand/orrailis then manipulated to move the prosthetic
coaptation body across the native valve. The delivery
sheath is retracted, exposing the anchor, which expands
and engages the walls of the blood vessel (e.g., superior
vena cava (SVC)orinferior vena cava (IVC)). The anchor
tube, which is coupled to the anchor, is also exposed and
may contain the proximal end of the implantable portion
of the rail and/or steerable catheter. An operator may use
an actuator of a handle at the proximal region of the heart
valve therapeutic device to control the movement of the
steerable catheter to position the conduit or prosthetic
coaptation body. Once the prosthetic coaptation body is
properly positioned within the native valve and the anchor
is anchored in the blood vessel, the steerable catheter
may be locked. A catheter lock may be used to lock the
anchor tube to the rail and/or steerable catheter main-
taining the prosthetic coaptation body suspended across
the native valve. The delivery sheath and sheath intro-
ducer may be removed once the prosthetic coaptation
body and anchor are deployed and the proximal end of
the implantable portion of the elongated support is im-
planted, thereby fully implanting components of the de-
vice. Subcutaneously implanted manual and/or motor-
ized controllers may adjust the position of the conduit
after implantation via the steerable catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038]
FIG. 1 is a perspective view of an exemplary heart
valve therapeutic device for repairing a defective
heart valve.
FIGS. 2A and 2B are perspective views of an exem-
plary prosthetic device of the heart valve therapeutic

device of FIG. 1.

FIG. 2C is a cross-sectional view of the prosthetic
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device of FIGS. 2A and 2B.

FIGS. 2D and 2E are perspective views of an exem-
plary frame of the prosthetic device of FIGS. 2A-2C.

FIG. 2F is a close up view of an exemplary step up
of the frame of the prosthetic device of FIGS. 2A-2C.

FIGS. 3A to 3D illustrates an exemplary method for
suturing the prosthetic leaflets and skirt to the frame
of the prosthetic device of FIGS. 2D and 2E.

FIG. 4A illustrates the implantable portion of the
heart valve therapeutic device of FIG. 1 implanted
at a native heart valve.

FIGS. 4B and 4C illustrate the heart valve therapeu-
ticdevice at a native heart valve in a closed and open
configuration, respectively.

FIGS. 5A and 5B illustrate exemplary detachable
supports constructed in accordance with the princi-
ples of the present invention.

FIG. 6A s a perspective view of an exemplary anchor
and anchor tube of the detachable support of FIGS.
5A and 5B.

FIG. 6B is a perspective view of an exemplary com-
ponents of the anchor tube of the detachable sup-
port.

FIG. 6C is a perspective view of the anchor tube of
the detachable support in an engaged position with-
out the anchor tube sleeve shown.

FIGS. 6D and 6E illustrate the anchor tube in an en-
gaged configuration suitable for delivering the pros-
thetic device to the cardiac valve and a disengaged
configuration where the distal, implantable portion
remains implanted and the proximal, delivery portion
can be removed from the patient.

FIG. 6F is a perspective view of an exemplary stent
of the anchor of FIG. 6A.

FIGS. 6G to 6J illustrate various configurations of
frames for the stent of the anchor.

FIG. 6K is a perspective view of another exemplary
anchor.

FIG. 7Aillustrates an exemplary elongated rail of the
detachable support of FIGS. 5A and 5B in the at-
tached, delivery state in accordance with some as-
pects.

FIGS. 7B to 7E illustrate an exemplary body support
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catheter of the detachable support of FIGS. 5A and
5B in the attached, delivery state in accordance with
some aspects.

FIGS. 7F and 7G illustrate an exemplary shaping
catheter of the detachable support of FIGS. 5A and
5B in the attached, delivery state in accordance with
some aspects.

FIGS. 8A and 8B illustrate the elongated rail of FIG.
7A in an engaged and a disengaged configuration,
respectively.

FIGS.9A and 9B are perspective views of exemplary
components of the body support catheter of FIGS.
7B to 7E.

FIGS. 10Ato 10G are views of an exemplary method
for disengaging the distal, implantable portion from
the proximal, delivery portion of the body support
catheter and for locking components of the distal,
implantable portion together for implantation.

FIG. 11A illustrates the shaping catheter of FIGS.
7F and 7G without the shaping catheter lock and
shaping catheter pusher.

FIGS. 11B and 11C are perspective views of exem-
plary components of the shaping catheter of FIGS.
7F and 7G.

FIG. 12A illustrates the shaping catheter in an en-
gaged configuration suitable for delivering the pros-
thetic device to the cardiac valve and a disengaged
configuration where the distal, implantable portion
remains implanted and the proximal, delivery portion
can be removed from the patient.

FIG. 12B illustrates the body support catheter in an
engaged configuration suitable for delivering the
prosthetic device to the cardiac valve and a disen-
gaged configuration where the distal, implantable
portion remains implanted and the proximal, delivery
portion can be removed from the patient.

FIGS. 12C to 12F illustrate exemplary components
of the detachable support in a disengaged configu-
ration.

FIG. 13 illustrates the detachable support coupled
to an exemplary frame of the prosthetic device.

FIGS. 14A to 14E illustrate an exemplary snap fit
system for coupling the prosthetic device to the de-
tachable support.

FIGS. 15A and 15B illustrate an exemplary interlink-
ing connector system for coupling the prosthetic de-
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vice to the detachable support.

FIG. 16A illustrates an exemplary system for cou-
pling the interlinking connector system to the body
support catheter.

FIGS. 16B and 16C illustrate an exemplary system
for coupling the interlinking connector system to the
prosthetic device.

FIGS. 17A to 17H are views of an exemplary method
for introducing the prosthetic device of the heart
valve therapeutic device across a native heart valve
for implantation.

FIG. 171 illustrates the implantable portion of the
heart valve therapeutic device of FIG. 1 maintained
at a native heart valve via the support in accordance
with the principles of the present invention.

FIG. 18 is a perspective view of an alternative ex-
emplary frame of the prosthetic coaptation body.

FIG. 19 is a perspective view of another alternative
exemplary frame of the prosthetic coaptation body.

FIG. 20 is a perspective view of yet another alterna-
tive exemplary frame of the prosthetic coaptation
body.

FIGS. 21A and 21B are perspective views of an al-
ternative exemplary prosthetic coaptation body.

FIGS. 22A and 22B are perspective views of an ex-
emplary frame of the prosthetic coaptation body of
FIGS. 21A and 21B.

FIGS. 22C and 22D are, respectively, side and top
views of the frame of FIGS. 22A and 22B, and FIG.
22E shows a laser-cut, flat pattern of the frame of
FIGS. 22A and 22B.

FIGS. 23A, 23B, and 23C are perspective views of
another exemplary frame of a prosthetic coaptation
body for the heart valve therapeutic device that are
well-suited for an acute treatment and FIGS. 23D
and 23E show exemplary laser-cut, flat pattern of
the exemplary frame.

FIGS. 23F and 23G show illustrative photos of the
reflown polymer coatings over the Nitinol frame com-
ponents and the stainless steel positioning tubes.

FIG. 24A illustrates an exemplary threaded system
for coupling the device to the detachable support.

FIGS. 24B to 24D illustrate exemplary torque limiting
systems that may be used to limit torqueing during
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coupling of the support to the prosthetic device.

FIGS. 25A and 25B illustrate an alternative exem-
plary snap fit system for coupling the prosthetic de-
vice to the detachable support.

FIGS. 26A and 26B illustrate another alternative ex-
emplary snap fit system for coupling the prosthetic
device to the detachable support.

FIGS. 27A and 27B illustrate yet another alternative
exemplary snap fit system for coupling the prosthetic
device to the detachable support.

FIGS. 28A and 28B illustrate an exemplary hybrid
snap and interlinking connector system for coupling
the prosthetic device to the detachable support.

FIG. 29 illustrates another alternative exemplary
snap fit system for coupling the prosthetic device to
the detachable support.

FIG. 30illustrates an exemplary threaded system for
coupling the prosthetic device to the detachable sup-
port.

FIGS. 31A and 31B illustrate another exemplary
threaded system for coupling the prosthetic device
to the detachable support.

FIG. 32 illustrates select implantable components of
an alternative exemplary heart valve therapeutic de-
vice having two anchors.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Embodiments of the present invention are di-
rected to exemplary systems and methods for reducing
cardiac valve regurgitation. Provided herein is a pros-
thetic device that may contain a prosthetic coaptation
body to be positioned at a native cardiac valve. The pros-
thetic device may be suspended across the native heart
valve by a support. For example, the support may be
coupled to the prosthetic coaptation body and extend out
of the heart into an adjacent blood vessel coupled to the
heart (e.g., superior vena cava, inferior vena cava). The
support may be coupled to the blood vessel with an an-
chor that preferably is expandable and has a stent struc-
ture. In some examples, the support is structured to sus-
pend the prosthetic coaptation body in the native valve
in a free-standing manner without anchoring to cardiac
tissue, thereby minimizing damage to the heart. The
prosthetic coaptation body may be formed from a frame
(e.g., metal frame such as Nitinol) that is at least partially
covered by a skirt made from biocompatible material, and
also includes prosthetic leaflets. The frame, biocompat-
ible material, and prosthetic leaflets may together form
a conduit through which blood flows when the prosthetic
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leaflets open during the cardiac cycle.

[0040] The design of the prosthetic device improves
coaptation with the native heart valve leaflets and allows
for a more reliable delivery. The prosthetic device may
be implanted percutaneously via a blood vessel, e.g., the
jugular vein, femoral vein, femoral artery, for the treat-
ment of a defective cardiac valve, e.g., tricuspid, mitral,
pulmonary, or aortic valve. In one example, the prosthetic
device may be used to treat symptomatic primary or func-
tional (secondary) tricuspid regurgitation. For example,
the prosthetic device may be positioned between the na-
tive tricuspid valve leaflets to restore the valve function
without altering the native anatomy or obstructing flow
during diastole and held in place by an anchor system
deployed in an anchor site, e.g., within the heart and/or
within a blood vessel coupled to the heart such as the
superior vena cava (SVC).

[0041] The frame may be designed with predefined
kink points or collapsible / expandable features to allow
the conduit to be compressed into a delivery sheath with-
out being damaged, and to more reliably expand upon
delivery. The frame may have a proximal ring and a distal
ring, as well as an inner ring coupled to the proximal ring
via a plurality of skirt anchors to which the prosthetic valve
leaflets may be attached. One or more of the rings may
exhibit a scallop, sinusoidal, zig-zag shape or otherwise
oscillating pattern in the expanded state to further im-
prove the compression and expansion of the frame. The
skirt of the prosthetic coaptation body may join the prox-
imal ring to the distal ring to improve coaptation of the
native valve against the skirt. The prosthetic coaptation
body may be coupled to the support by a plurality of teth-
ers that may be formed of shape-memory material such
as Nitinol. The tethers may be rigid or stiff and hold the
prosthetic coaptation body in position more accurately
than tensile wires.

[0042] Referring to FIG. 1, an illustrative embodiment
of exemplary heart valve therapeutic device 100 in ac-
cordance with the principles of the present disclosure is
described. lllustratively, heart valve therapeutic device
100 is designed for repairing a defective tricuspid valve.
As will be understood by a person having ordinary skill
in the art, heart valve therapeutic device 100 may be
readily adapted for other cardiac valves such as the mitral
valve, aortic valve, or pulmonary valve.

[0043] As illustrated in FIG. 1, heart valve therapeutic
device 100 may include prosthetic device 200 coupled
to support 300 at distal region 104 of heart valve thera-
peutic device 100, as well as actuator 108 at proximal
region 102 of heart valve therapeutic device 100. Actu-
ator 108 may include one or more handles configured to
be manipulated by a clinician to deliver the system for
implantation. having a plurality of interfaces, Support 104
may include an elongated shaft including proximal, de-
livery portion 310 and distal, implantable portion 311,
such that proximal, delivery portion 310 is removeably
coupled to distal, implantable portion 311 at detachment
area 301, and distal, implantable portion 311 is coupled
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to prosthetic device 200 at valve connection area 222.
Heartvalve therapeutic device 100 is structured to deliver
prosthetic device 200 to a damaged native heart valve
for an acute or chronic treatment, and certain compo-
nents of heart valve therapeutic device 100 such as distal,
implantable portion 311 of support 300 may be designed
to be fully implanted long-term for the chronic treatment.
[0044] Distal, implantable portion 311 of support 300
includes an anchor 500. Anchor 500 may be formed of
a stent structure and is preferably collapsible in a con-
tracted, delivery state and expandable to an expanded,
deployed state to anchor the prosthetic device at the na-
tive cardiac valve. For example, anchor 500 may contact
the inner wall of a blood vessel (e.g., the SVC or IVC) to
anchor distal, implantable portion 311 of support 300 in-
traluminally, thereby anchoring prosthetic device 200 in
a free-standing, suspended manner in the native heart
valve. As shown in FIG. 1, anchor 500 is positioned on
distal, implantable portion 311 adjacent to detachment
area 301 of support 300. In some examples, detachment
area 301 is located within anchor 500 such that the distal
end of anchor 500 provides the distal-most position of
the implantable portion of the device.

[0045] Actuator 108 is designed to be held and manip-
ulated by a clinician and may include one or more inter-
faces such as interfaces 110, 112, 114, 116, 118, and
120. As illustrated, actuator 108 may be coupled to the
proximal region support 300 and interfaces 110, 112,
114, 116, 118, and 120 may each be coupled to corre-
sponding components of support 300 such that actuation
of the interfaces cause movements described herein for
delivery and implantation of prosthetic device 200. Inter-
faces 110, 112, 114, 116, 118, and 120 may be buttons,
sliders, knobs, or the like that are actuated to deliver pros-
thetic device 200, manipulate support 300 for suitable
implantation, lock distal components of distal, implanta-
ble portion 311 together, and/or to detach proximal, de-
livery portion 310 from distal, implantable portion 311.
Accordingly, responsive to actuation of the interfaces of
actuator 108, prosthetic device 200 may be manipulated
for suitable positioning within the target native heart
valve, the distal components of distal, implantable portion
311 may be locked together, and proximal, delivery por-
tion 310 may be detached from distal, implantable portion
311. For example, interface 110 may be operatively cou-
pled to the shaping catheter for making extension adjust-
ments to extend prosthetic device 200 into implantation
position. Interface 112 may be operatively coupled to the
elongated rail for adjusting the angle of the rail for positing
the prosthetic device 200 at the appropriate angle relative
tothe native heartvalve. Interface 114 may be operatively
coupled to the body support catheter for telescoping ad-
justments to extend or retract prosthetic device 200 to
the native heart valve. Interface 116 may be operatively
coupled to a first lock to lock distal, implantable compo-
nents of the support together for implantation. For exam-
ple, interface 116 may be operatively coupled to the body
support catheter pusher for actuating the body support
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catheter lock. Interface 118 may be operatively coupled
to a second lock to lock different distal, implantable com-
ponents of the support together for implantation, such as
locking to the anchor system. For example, interface 118
may be operatively coupled to the shaping catheter push-
er for actuating the shaping catheter lock. Interface 120
may be operatively coupled to the anchor tube sleeve for
disengaging the anchor tube, as described in further de-
tail below.

[0046] In some configurations, an interface, e.g., inter-
face 116, 118, may be moved distally along handle to
cause portions of support 300 to move distally in a cor-
responding manner to facilitate locking of the distal com-
ponents of distal, implantable portion 311 to secure the
components in the implantable, locked position suitable
for short-term (acute) or long-term (chronic) implantation
of prosthetic device 200 at the native cardiac valve, as
explained in detail below. Further, the same or different
interface(s) may be moved proximally along the handle
to cause detachment of the proximal, delivery portion 310
from distal, implantable portion 311 such that proximal,
delivery portion 310 may be removed from the patient
while distal, implantable portion 311 remains implanted,
as explained in detail below. Interfaces 110, 112, 114,
116, 118, and 120 may be manually operated or control-
led remotely using motorized controls, and actuator 108
may be actuated to reattach proximal, delivery portion
310 to distal, implantable portion 311 post-implantation
in a follow-up procedure to permit adjustments after im-
plantation of prosthetic device 200.

[0047] Prosthetic device 200 may be a prosthetic co-
aptation body 200, as illustrated, that includes a pros-
thetic valve structured to enhance the function of the na-
tive heart valve, which is described in further detail with
regard to FIGS. 2A, 2B, and 2C below. Preferably, pros-
thetic coaptation body 200 works together with the native
leaflets to both provide a surface for the native leaflets
to coapt and to provide a prosthetic valve in a conduit
formed by prosthetic coaptation body 200. Unlike prior
prosthetic valves that do not use the native leaflets (e.g.,
because they are cut away or pushed aside by the im-
plant), prosthetic coaptation body 200 may use both the
native leaflets and the prosthetic leaflets in the same na-
tive heart valve, thereby creating a "double-valve" con-
figuration in the single heart valve. As shown in FIG. 1,
support 300 may be structured to suspend and maintain
prosthetic coaptation body 200 across the native heart
valve once it has been positioned appropriately. As will
be understood by one skilled in the art, the illustrated
prosthetic coaptation body 200 may be substituted for
other prosthetic devices designed to be implanted at a
cardiac valve such as a plug/spacer device that coapts
with native leaflets to reduce regurgitation such as that
shown in U.S. Patent No. 7,854,762 to Speziali.

[0048] As described above, distal, implantable portion
311 of support 300 may be coupled to prosthetic coap-
tation body 200. Proximal, delivery portion 310 of support
300, may be operatively coupled to actuator 108 and re-
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moveably coupled to distal, implantable portion 311 dur-
ing delivery, such that proximal, delivery portion 310 may
be manipulated by actuator 108 to accurately position
prosthetic coaptation body 200 across the native valve.
Support 300 may have a predefined bend to improve
positioning of prosthetic coaptation body 200 across the
native valve, as described in further detail below. For
example, the bend may be predefined for a specific pa-
tient anatomy. Moreover, the predefine bend permits
steering of the support from the predefined shape; this
may have the effect of reducing stresses and strain on
the elongated rail for long-term implant. In addition, heart
valve therapeutic device 100 may include one or more
radiopaque markers for in-vivo visualization during de-
livery of prosthetic coaptation body 200.

[0049] Referring now to FIGS. 2A, 2B and 2C, exem-
plary prosthetic coaptation body 200 of heart valve ther-
apeutic device 100 is described. FIG. 2A shows pros-
thetic coaptation body 200 viewed from the distal end
downward, FIG. 2B is a side view of prosthetic coaptation
body 200, and FIG. 2C is a cross-sectional view of pros-
thetic coaptation body 200. Prosthetic coaptation body
200 preferably includes frame 205 having prosthetic leaf-
lets 218 coupled thereto. Prosthetic leaflets 218 may be
formed from natural tissue, such as bovine, equine, or
porcine pericardial tissue, and/or manmade, synthetic
material suitable for implantation such as ePTFE. Pros-
thetic coaptation body 200 may also contain one or more
biocompatible materials, e.g., formed from the natural
tissue and/or manmade material, coupled to frame 205
such as skirt 220. Prosthetic leaflets 218 and skirt 220
may be formed from the same material and may be in-
tegrally formed from a common piece of material or may
be separate. Frame 205 further may include spine con-
nector 221 for coupling with a support connector of sup-
port 300 as described in further detail below.

[0050] The shape of prosthetic coaptation body 200 is
formed by frame 205, which is designed to transition from
a contracted, delivery state to an expanded, deployed
state and may be formed from shape memory material
such as Nitinol. For example, frame 205 may form a con-
duit that, together with prosthetic leaflets 218 and the
biocompatible material covering form a channel to allow
blood to travel through prosthetic leaflets 218, when
opened during the cardiac cycle, and through prosthetic
coaptation body 200.

[0051] Skirt 220 may be a thin sheet of biocompatible
material surrounding frame 205, extending from proximal
ring 206 to distal ring 214 to form the outside surface of
the conduit to which the native leaflets coapt when closed
during the cardiac cycle. For example, skirt 220 may be
sewn to proximal ring 206 and distal ring 214. Skirt 220
may be made of a rigid or compliant material. In some
examples, skirt 220 expands and contracts responsive
to pressure changes during the cardiac cycle. In this man-
ner, skirt 220 may provide better coaptation with native
leaflets. Accordingly, as prosthetic coaptation body 200
sits between the native tricuspid valve leaflets, it fills the
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regurgitant orifice area caused by right ventricular dila-
tion. The native tricuspid valve leaflets seal against skirt
220 to prevent regurgitation between the native leaflets
and prosthetic coaptation body 200 during systole. In ad-
dition, prosthetic leaflets 218 integrated within prosthetic
coaptation body 200 supports flow during diastole. Pros-
thetic leaflets 218 may coapt onto the valve frame spine
during systole to reduce regurgitation.

[0052] Referring now to FIGS. 2D, 2E, and 2F, frame
205 is described. Frame 205 may be made of metal, such
as Nitinol or stainless steel. Frame 205 may be made of
various components including wires, tubes, or flat strips.
In a preferred embodiment, frame 205 is laser cut from
one or more tubes of Nitinol. Frame 205 preferably in-
cludes spine 201, proximal portion 202 having proximal
ring 206 and inner ring 210, and distal portion 204 having
distalring 214. Proximal ring 206 may be coupled to spine
201 via a plurality of proximal tethers 208 and step 203,
as described in further detail below with regard to FIG.
2F, and distal ring 214 may be coupled to spine 201 via
aplurality of distal tethers 216 and step 207. Alternatively,
proximal tethers 208 and distal tethers 216 may be cou-
pled directly to spine 201 without step 203 and step 207,
respectively. Spine 201 may be an elongated shaft, e.g.,
formed from a metal tube such as stainless steel or Niti-
nol. As shown, spine 201 may extend generally through
the middle of prosthetic coaptation body 200 to provide
strength and support. In the illustrated example, spine
201 extends through prosthetic coaptation body 200 to
the connection with distal ring 214 and proximally past
the proximal end of prosthetic coaptation body to permit
permanent, secure coupling between spine 201 and sup-
port 300. Preferably, proximal tethers 208 and distal teth-
ers 216 are preferably formed of a rigid structure, and
are compressible for delivery and may be self-expanda-
ble. Innerring 210 may be positioned distal to and provide
additional support to proximal ring 206, and may be cou-
pled to proximal ring 206 via a plurality of slotted pros-
thetic leaflets anchors 212 having a plurality of suture
eyelets to facilitate suturing of prosthetic leaflets 218 to
frame 205. In a preferred embodiment, inner ring 210
has a diameter less than that of proximal ring 206 and
may also have a diameter less than that of distal ring 214.
[0053] Proximalring 202, distal ring 204, and innerring
210 may have a generally-circular shape, but may be
other shapes such as ovals or diamonds. As illustrated,
proximal ring 206 may be scallop-shaped such that prox-
imal ring 206 extends circumferentially from prosthetic
leaflets anchor 212 proximally and radially outward, then
distally and radially inward toward an adjacent prosthetic
leaflets anchor 212. In a preferred embodiment, the prox-
imal ends of proximal tethers 208 are coupled to spine
201 via step 203, and extend distally and radially outward
such that the distal ends of proximal tethers 208 are cou-
pled to prosthetic leaflets anchors 212. Accordingly, this
configuration may optimize prosthetic leaflets shape,
e.g., permits prosthetic leaflets anchors 212 to have a
longer length with less angulation between spine 201 and
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proximal tethers 208, thereby reducing material strains
and stresses during locking. Advantageously, the frame
and ring structures are expected to maximize coaptation
length while minimizing valve length and/or to create a
coronary sinus-like region around the leaflet area (e.g.,
leaflet scallops) to maximize washout.

[0054] Inner ring 210 may extend circumferentially
from prosthetic leaflets anchor 212 distally and radially
outward, then proximally and radially inward toward an
adjacent prosthetic leaflets anchor 212. Accordingly, in-
ner ring 210 provides additional rigidity to proximal ring
206 and prosthetic leaflets anchors 212, which permits
areduction of overall size of frame 205, thereby reducing
stress during collapse of frame 205, and improving du-
rability of prosthetic coaptation body 200. As illustrated,
distal ring 214 preferably has a sinusoidal wave shape
around its circumference, such that distal tethers 216 are
preferably coupled to distal ring 214 at a valley of the
sinusoid. Distal ring 214 may have other oscillating
shapes, which may be different in form to proximal ring
206. Thus, the proximal ends of distal tethers 216 are
coupled to spine 201 via step 207, and extend distally
and radially outward such that the distal ends of distal
tethers 216 are coupled to the valley of distal ring 214.
[0055] Asshownin FIG. 2F, the proximal ends of prox-
imal tethers 208 may be coupled to spine 201 via step
203. Step 203 may be constructed from Nitinol and may
be laser welded into place on spine 201, or alternatively,
via molding or adhesive. Step 203 may have a wall thick-
ness that is smaller, larger, or equal to the wall thickness
of the cut tube from which frame 205 is formed. In addi-
tion, step 203 may include relief cuts to permit step 203
to be opened out onto spine 201 for optimal clearances
for welding. Step 207 may be constructed similar to step
203.

[0056] Referring now to FIGS. 3A to 3D, an exemplary
method for attaching prosthetic leaflets 218 and skirt 220
to frame 205 is described. As shown in FIGS. 3A and 3B,
prosthetic leaflets 218 may be coupled directly to proxi-
mal ring 206 and may also be coupled at their edges to
prosthetic leaflets anchor 212. Coupling to prosthetic
leaflets anchor 212 may improve coaptation of prosthetic
leaflets 218. Accordingly, prosthetic leaflets 218 fill the
space inside proximal ring 206 to form a prosthetic valve
which allows blood to flow in the distal direction, but pre-
vents blood from flowing in the proximal direction.
Though three prosthetic leaflets 218 are shown in FIGS.
3B, certain embodiments may have more or fewer pros-
thetic leaflets. Preferably, prosthetic leaflets 218 will
match the number and arrangement of the native leaflets
in the native valve.

As shown in FIG. 3C, commissure wrap 215 may be
passed through an eyelet of prosthetic leaflets anchor
212, e.g., the longitudinal eyelet illustrated in FIG. 2D,
such that commissure wrap 215 wraps around both sur-
faces of prosthetic leaflets anchor 212. First leaflet 211
and second leaflet 213 may be passed through the same
eyelet of prosthetic leaflets anchor 212, e.g., through
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commissure wrap 215, and wrapped in an over-lapping
fashion over leaflet pledget 219. Leaflet pledget 219 in-
creases stability of prosthetic leaflets 218 and prevents
pullout of first and second leaflets 211 and 213. Com-
missure wrap 215 and leaflet pledget 219 may be made
of a biocompatible polymer, e.g., pericardium, or another
fabric known in the art. Accordingly, commissure wrap
215 may protect leaflet commissures from damage re-
sulting with contact with prosthetic leaflets anchor 212.
Moreover, one or more sutures 217 may be used to sew
prosthetic leaflets 218 to prosthetic leaflets anchor 212
and proximal ring 206 in a commissure suture pattern as
shown in FIGS. 3A and 3B. As shown in FIG. 3D, skirt
220 may be sewn in a commissure suture pattern to both
proximal ring 206 and distal ring 214 of frame 205, to
ensure complete sealing of skirt 220 and prosthetic leaf-
lets 218, and to form the outer surface of prosthetic co-
aptation body 200. Moreover, prosthetic leaflets anchor
212 may be tapered inward to avoid contact between
prosthetic leaflets anchor 212 and skirt 220. In addition,
as shown in FIG. 2A, an addition wrap, e.g., pericardium,
may be sutured to cover distal ring 214 to provide a more
atraumatic surface ifit contacts the surrounding anatomy.
[0057] FIGS. 4A to 4C illustrate prosthetic coaptation
body 200 implanted at a native heart valve. As shown in
FIG. 4A, prosthetic coaptation body 200 is suspended
within the native heart valve via distal, implantable portion
311 of support 300 and anchor 500. For example, anchor
500 may be implanted within SVC such that prosthetic
coaptation body 200 is suspended within tricuspid valve
TV via body support catheter 320, as described in further
detail below. FIG. 4B shows prosthetic coaptation body
200 suspended within the tricuspid valve TV during sys-
tole whereby prosthetic leaflets 218 are in a closed con-
figuration and the native valve leaflets are sealed against
the outer surface of prosthetic coaptation body 200 to
prevent regurgitation between the native leaflets and
prosthetic coaptation body 200. FIG. 4C shows prosthetic
coaptation body 200 suspended within the tricuspid valve
TV during diastole whereby prosthetic leaflets 218 and
the native valve leaflets are in an open configuration,
thereby permitting flow therethrough. Advantageously,
the prosthetic device sits across the native valve and
contacts the native leaflets when they seal during systole,
but the prosthetic device need not be in contact with the
annulus. The anchoring system sits above the prosthetic
device in the atrium and may extend up to the stent in
the SVC or, alternatively, the IVC.

[0058] Referring now to FIGS. 5A and 5B, support 300
for delivering and implanting the prosthetic coaptation
body is described. Support 300 includes an elongated
shaft including proximal, delivery portion 310 and distal,
implantable portion 311, and may be steered and manip-
ulated via actuator 108 (see FIG. 1). Proximal, delivery
portion 310 may be removeably coupled to distal, im-
plantable portion 311 at detachment area 301 during de-
livery of prosthetic coaptation body 200, and proximal,
delivery portion 310 may be decoupled from distal, im-
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plantable portion 311 to thereby implant distal, implant-
able portion 311 and prosthetic coaptation body 200 in
the desired location within the patient. Accordingly, prox-
imal, delivery portion 310 may be removed from the pa-
tient, while distal, implantable portion 311 and prosthetic
coaptation body 200 remain fully implanted.

[0059] As shown in FIGS. 5A and 5B, distal, implant-
able portion 311 of support 300 includes valve connection
area 222 for coupling with prosthetic coaptation body 200
(e.g., via spine connector 221), anchor 500 including
stent 504 coupled to anchor tube 360 via anchor support
502, and a plurality of catheters including body support
catheter 320 and shaping catheter 340 for maneuvering
and implanting prosthetic coaptation body 200, as de-
scribed in further detail below. FIG. 5A shows an exem-
plary tapered stent design and FIG. 5B shows another
exemplary stent design.

[0060] Referring now to FIGS. 6A to 6G, anchor 500
is described. As shown in FIG. 6A, anchor 500 includes
stent 504 coupled to anchor tube 360 via anchor support
502. Anchor tube 360 has a lumen sized and shaped to
receive shaping catheter 340 therethrough. Anchor tube
360 may be coupled to one side of stent 504 to stabilize
distal, implantable portion 311 of support 300 and bias it
to one side of the blood vessel. For example, stent 504
may include longitudinal stent spine 510. Stent spine 510
may be formed with stent 504 as a single component, or
may be a separate component affixed to stent 504. Stent
spine 510 may be coupled to one or more anchor tube
cuffs 512 for clamping stent 504 to anchor tube 360. For
example, anchor tube cuffs 512 may have a lumen sized
and shaped to receive anchor tube 360 therethrough.
Anchor tube cuffs 512 may be coupled to anchor tube
360 such that relative movement between anchor tube
cuffs 512 and anchor tube 360 is prevented. Although
only three anchor tube cuffs 512 are illustrated in FIG.
6A, a person having ordinary skill in the art would under-
stand that anchor tube cuffs 512 may include less than
three cuffs, e.g., one or two cuffs, or more than three
cuffs, e.g., four, five, six cuffs or more as necessary.
[0061] Referring now to FIGS. 6B to 6E, an exemplary
anchortubeis described. Referring to FIG. 6B, the anchor
tube is shown with components separated for clarity. As
shown in FIG. 6B, support 300 may include anchor tube
360 having anchor tube distal portion 380 at distal, im-
plantable portion 311 of support 300, and anchor tube
proximal portion 382 at proximal, delivery portion 310 of
support 300. Anchor tube 360 may extend from actuator
108 toward prosthetic coaptation body 200 where it may
be coupled to stent 504. Anchor tube proximal portion
382 may be attached to anchor tube distal portion 380
via anchor tube connection 384 during delivery. For ex-
ample, anchor tube distal portion 380 may have distal
anchor tube connection portion 381 having a first geom-
etry, and anchor tube connection 384 may have distal
anchor tube interlinking portion 385 having a second ge-
ometry corresponding with the first geometry of distal an-
chortube connection portion 381 such that, in the delivery
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configuration, distal anchor tube connection portion 381
engages with distal anchor tube interlinking portion 385.
In addition, anchor tube proximal portion 382 may have
proximal anchor tube connection portion 383 having a
third geometry, and anchor tube connection 384 may
have proximal anchor tube interlinking portion 387 having
a fourth geometry corresponding with the third geometry
of proximal anchor tube connection portion 383 such that,
in the delivery configuration, proximal anchor tube con-
nection portion 383 engages with proximal anchor tube
interlinking portion 387. As shown in FIG. 6B, anchor
tube 360 further may include anchor tube sleeve 390,
which may be slidably disposed over at least anchor tube
proximal portion 382 and anchor tube connection 384.
FIG. 6C illustrates the components of anchor tube 360
in an engaged delivery position, without anchor tube
sleeve 390 for clarity.

[0062] Referring now to FIGS. 6D and 6E, an exem-
plary method for detaching the proximal components of
anchor tube 360 from anchor tube distal portion 380 such
that anchor tube distal portion 380 may be implanted with-
in the patientis described. As shown in the top illustration
of FIG. 6D, in the delivery configuration, anchor tube
sleeve 390 is disposed over anchor tube proximal portion
382 and anchor tube connection 384 while anchor tube
connection 384 is engaged with anchor tube distal portion
380. Next, as shown in the middle illustration of FIG. 6D,
anchor tube sleeve 390 may be retracted proximally re-
sponsive to actuation of actuator 108, e.g., by actuating
an interface on actuator 108, to expose distal anchor tube
interlinking portion 385 of anchor tube connection 384.
Distal anchor tube interlinking portion 385 may self-ex-
pand from a collapsed delivery state within anchor tube
sleeve 390 to an expanded state upon exposure from
anchor tube sleeve 390, such that distal anchor tube in-
terlinking portion 385 disengages with anchor tube distal
portion 380. As shown in the bottom illustration of FIG.
6D, anchor tube proximal portion 382, anchor tube con-
nection 384, and anchor tube sleeve 390 may be re-
moved from the patient while anchor tube distal portion
380 remains implanted within the patient. Preferably, re-
traction of anchor tube sleeve 390 is limited such that
anchor tube sleeve 390 remains disposed over proximal
anchor tube interlinking portion 387 and anchor tube
proximal portion 382.

[0063] FIG. 6E illustrates a perspective view of the ex-
emplary method of FIG. 6D for detaching the proximal
components of anchor tube 360 from anchor tube distal
portion 380. As shown in FIG. 6E, the distal end of anchor
tube sleeve 390 may include opening 388, such that
when anchor tube sleeve 390 is disposed over anchor
tube connection 384 in the delivery configuration, anchor
tube sleeve 390 avoids collision with the stent spine of
the stent of anchor 500.

[0064] Referring now to FIG. 6F, an exemplary stent
is described. As shown in FIG. 6F, stent 504 may be
formed by a plurality of sinusoidal or zig-zag or otherwise
oscillating circumferential pattern of struts 506, intercon-
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nected via a plurality of longitudinal struts 508. One of
the plurality of longitudinal struts 508 may be stent spine
510, or alternatively, stent spine 510 may be affixed to
one of the plurality of longitudinal struts 508. Although
only four circumferential struts 506 are illustrated in FIG.
6F, a person having ordinary skill in the art would under-
stand that stent 504 may include less than four circum-
ferential struts, e.g., two or three circumferential struts,
or more than four circumferential struts, e.g., five, six,
seven, eight circumferential struts or more as necessary.
In accordance with one aspect of the present invention,
the pattern of struts 596 and longitudinal struts 508 are
formed such that the length of stent 504 may be the same
in its collapsed, delivery state within the delivery sheath,
as in its expanded, deployed state.

[0065] Stent 504 may be self-expandable such that
stent 504 transitions from a collapsed, delivery state with-
in adelivery sheath, to an expanded, deployed state with-
inthe targetblood vessel foranchoring support 300. Stent
504 may have a variable stiffness around its circumfer-
ence and along its length. For example, the width of the
frame forming circumferential struts 506, the longitudinal
length of a strut of the plurality of circumferential struts
506, and/or the radius of curvature of the plurality of cir-
cumferential struts 506 may be varied to achieve the de-
sired stiffness of stent 504. In addition, stent 504 may
have a plurality of loops for radiopaque markers, e.g.,
gold markers 514, to assistin visualization during delivery
of prosthetic coaptation body 200. As shown in FIG. 6F,
proximal end 501 of stent 504 may have a smaller diam-
eter than distal end 503 of stent 504. This tapered con-
figuration may improve anchoring within a patient’s blood
vessel. Moreover, stent 504 may have a plurality of barbs
extending from its outer surface to improve migration re-
sistance. In a further embodiment the stent may have a
variable diameter along its length to improve anchoring.
[0066] FIGS. 6G to 6J illustrate various configurations
of the frame of the stent of the anchor. As shown in FIG.
6G, circumferential struts 506 of stent 504 may include
N numbers of sinusoids 516 along its circumferential
length, and stent 504 may include N number of circum-
ferential struts 506 alongits longitudinal length. As shown
in FIG. 6H, markers 514 may be positioned along plurality
of longitudinal struts 508. Alternatively, as shown in FIG.
61, markers 514 may be positioned along plurality of cir-
cumferential struts 506. As shown in FIG. 6J, longitudinal
struts 508 may not extend across every circumferential
struts 506, thereby creating space 522 without a longitu-
dinal strut extending thereacross, which may improve
distribution of strain on stent 504. In some embodiments,
stent 504 may not have any longitudinal struts.

[0067] FIG. 6K illustrates anchor 500 having an alter-
native coupling mechanism between stent spine 510 and
anchor tube 360. For example, anchor 500 further may
include a plurality of v-shaped cuffs 518 for clamping
stent spine 510 to anchor tube 360. As shown in FIG.
6K, anchor 500 may include v-shaped cuffs 518 in addi-
tion to anchor tube cuffs 512. Alternatively, anchor 500
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may only include v-shaped cuffs 518 and no anchor tube
cuffs 512. Moreover, any number of v-shaped cuffs 518
and/or anchor tube cuffs 512 may be used to stabilize
stent 504 relative to anchor tube 360.

[0068] Referring now to FIGS. 7A to 12F, a plurality of
catheters that may be included in support 300 are de-
scribed. As shown in FIG. 7A, support 300 may include
an elongated rail having elongated rail distal portion 302
at distal, implantable portion 311 of support 300, and
elongated rail proximal portion 304 at proximal, delivery
portion 310 of support 300. The elongated rail may be
solid or it may have a tube shape. The elongated rail
extends from actuator 108 to prosthetic coaptation body
200, and has a pre-formed bend area to facilitate delivery
of prosthetic coaptation body 200 to the native heart
valve. In addition, the pre-formed bend may reduce the
stressrequired to position prosthetic coaptation body 200
during delivery. For example, the elongated rail may be
an elongated shaft made of metal (e.g., Nitinol) that is
preformed to apredetermined angle (e.g., 50-150 degree
bend, 100 degree bend). The body support catheter is
coaxial to the preformed rail and the shaping catheter
and may be attached to the prosthetic device to facilitate
telescoping of the prosthetic device beyond the bend.
The shaping catheter is coaxial to the preformed rail and
the body support catheter. The distal end of the shaping
catheter may have a collar that is used to bend and
straighten the preformed rail based on the relative axial
position between the two responsive to actuation at the
handle. As the shaping catheter is advanced distally over
the preformed bend of the elongated rail, the elongated
rail straightens, and as the shaping catheter is retracted
proximally relative to the elongated rail, the elongated
rail returns to its natural state with the preformed bend.
As will be understood by a person having ordinary skill
in the art, the rail may be moved while the shaping cath-
eter remains stationary within the patient to bend and
straighten the preformed rail.

[0069] The prosthetic device may be secured on the
distal end of the anchor system using the implantable
support catheter connected to a Nitinol Stent with a dis-
connectable proximal section to support delivery. The
support catheter may be used to deliver and adjust and
finally stabilize the position the prosthetic device across
the native cardiac valve. The anchor system may be used
to deploy, position, and support the prosthetic device,
attached to the distal end. Once the prosthetic device
has been positioned, a self-expanding Nitinol stent may
be deployed in the tissue (e.g., SVC or IVC) which may
be attached to the support catheter. The position of the
prosthetic device can be further adjusted after the stent
is deployed. The stent may be supported by the anchor
tube component of the support catheter. The support
catheter may have a steerable distal portion that is con-
trolled by the handle to ensure optimal positioning. This
can avoid hooks, screws or clamps in the thin, frail struc-
tures of the dilated right heart and allows the system to
accommodate cardiac and respiratory motion. After de-
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ployment and final positioning of the prosthetic device,
the position is locked and the delivery section of the an-
chor system, proximal to the stent, is disconnected and
removed.

[0070] Advantageously, the anchor system can allow
for deflection from a straight configuration through 100
degrees of angulation so that the prosthetic device can
be positioned coaxial to the tricuspid annulus; telescop-
ing of the prosthetic device down, towards the apex of
the ventricle, into the tricuspid annulus so that it is posi-
tioned properly between the tricuspid valve leaflets; ex-
tension and rotation of the position of the bend relative
to the stent so that the prosthetic device can cross the
tricuspid valve perpendicular to it, and so the clinician
may freely position the stent to a preferred location; sta-
bilizing of the prosthetic device in position by anchoring
against the tissue (e.g., wall of a blood vessel such as
the SVC or IVC); fixing the selected position, angulation
and telescoping, of the prosthetic device. The positioning
of the prosthetic device is helped by the native valve leaf-
lets which naturally direct and center it within the central
gap ofthe leaflets. The distal portion of the anchor system
has sufficient stiffness to maintain the prosthetic device
in position during the cardiac cycle, as well as sufficient
flexibility to permit the prosthetic device to "self-center"”
within the native valve during systole. This distal portion
of the anchor system may be connected to support the
prosthetic device and stabilized in the SVC by the stent
anchor. The sterilization process for the anchor system
and its accessories may be Ethylene Oxide (ETO) or ra-
diation sterilized. This sterilization process is standard
for catheter systems.

[0071] As shown in FIGS. 8A and 8B, elongated rail
distal portion 302 and elongated rail proximal portion 304
may be removably attached together at elongated rail
detachment area 306. For example, elongated rail distal
portion 302 may have first geometry 303, and elongated
rail proximal portion 304 may have second geometry 305
corresponding to first geometry 303 such that elongated
rail distal portion 302 may engage with elongated rail
proximal portion 304 during delivery as shown in FIG.
8A. For example, first and second geometries 303, 305
may be notches and teeth, wherein a tooth of first geom-
etry 303 fits in the notch of second geometry 305 and a
tooth of second geometry 305 fits in the notch of first
geometry 303, thereby attaching the elongated rail during
delivery. Elongated rail distal portion 302 may be disen-
gaged from elongated rail proximal portion 304 for im-
plantation of elongated rail distal portion 302 as shown
in FIG. 8B. For example, the distal and proximal portions
of the elongated rail may detach responsive to actuation
atthe handle. As explained below, the body support cath-
eter may be used to maintain the engagement between
the distal and proximal portions of the elongated rail and
the elongated rail detaches responsive to detachment of
the body support catheter.

[0072] Referring back to FIGS. 7B to 7E, support 300
may include a body support catheter having body support
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catheterdistal portion 320 and body support catheterlock
330 at distal, implantable portion 311 of support 300, and
body support catheter proximal portion 326, body support
catheter connection 324, and body support catheter
pusher 332 at proximal, delivery portion 310 of support
300. The body support catheter may extend from actuator
108 to prosthetic coaptation body 200.

[0073] Referring now to FIGS. 9A and 9B, the body
support catheter is shown with components separated
for clarity. Body support catheter distal portion 320, body
support catheter connection 324, and body support cath-
eter pusher 332 have a lumen sized and shaped to re-
ceive the elongated rail therethrough. The distal end of
body support catheter distal portion 320 may include a
support connector for coupling with prosthetic coaptation
body 200, and the proximal end of body support catheter
distal portion 320 may include distal body supportlocking
portion 322 and distal body support connection portion
327. Distal body support locking portion 322 and distal
body support connection portion 327 may be formed of
a single piece and may have an outer diameter that is
smaller than the outer diameter of body support catheter
distal portion 320. Alternatively, distal body support lock-
ing portion 322 and distal body support connection por-
tion 327 may be separate components that are conjoined
together. The tube formed by distal body support locking
portion 322 and distal body support connection portion
327 may extend at least partially through the lumen of
body support catheter distal portion 320. Accordingly,
distal body support locking portion 322 and distal body
support connection portion 327 may have a lumen sized
and shaped to receive the elongated rail therethrough.
[0074] AsshowninFIG. 9B, distal body supportlocking
portion 322 may include slit 321 forming interference
locking portion 323. For example, slit 321 may be U-
shaped, which defines the shape of interference locking
portion 323. In accordance with some embodiments, in-
terference locking portion 323 may be a wedged portion
that has a thickness that is greater than the thickness of
distal body support locking portion 322 and distal body
support connection portion 327, such that the wedged
portion may be pushed radially inward to lock body sup-
port catheter distal portion 320 to elongated rail distal
portion 302, as described in further detail below. In some
embodiments, a separate wedged material may be dis-
posed under interference locking portion 323 of distal
body support locking portion 322, such that when inter-
ference locking portion 32 is pushed radially inward, the
separate wedged material lock body support catheter dis-
tal portion 320 to elongated rail distal portion 302. Distal
body support connection portion 327 may include open-
ing 325, e.g., a T-shaped opening, sized and shaped to
interlink with body support catheter connection 324.
[0075] Body support catheter connection 324 may in-
clude distal body support interlinking portion 331 defined
by opening 329 and optional proximal body support in-
terlinking portion 335 defined by opening 333. Distal body
support interlinking portion 331 may be biased radially
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outward, and may transition from the expanded state to
a collapsed state upon application of a radially inward
force, as described in further detail below. Moreover, dis-
tal body support interlinking portion 331 has a shape that
corresponds with the shape of opening 325 of distal body
support connection portion 327, such that when distal
body support interlinking portion 331 is in its collapsed
state, distal body support interlinking portion 331 inter-
links with distal body support connection portion 327.
When interlinked, distal body support connection portion
327 fits within opening 329 of body support catheter con-
nection 324, and distal body support interlinking portion
331 of body support catheter connection 324 fits within
opening 325 of distal body support connection portion
327. Forexample, distal body support connection portion
327 and distal body support interlinking portion 331 may
have a T-shape.

[0076] Proximal body support interlinking portion 335
of body support catheter connection 324 may have a
shape that corresponds with the shape of opening 337
of body support catheter proximal portion 326 such that
proximal body support interlinking portion 335 may inter-
link with body support catheter proximal portion 326.
When interlinked, proximal interlinking portion 335 fits
within opening 337 of body support catheter proximal por-
tion 326, and proximal body support connection portion
339 of body support catheter proximal portion 326 fits
within opening 333 of body support catheter connection
324. Forexample, proximal body support connection por-
tion 339 and proximal body support interlinking portion
335 may have a T-shape. Moreover, body support cath-
eter connection 324 may be made of a different material
from body support catheter proximal portion 326.
[0077] Body support catheter lock 330 may include
proximal portion 336 having one or more openings 338
sized and shaped to receive one or more prongs 334 of
body support catheter pusher 332. In addition, body sup-
port catheter lock 330 and body support catheter pusher
332 have a lumen sized and shaped to receive distal
body support locking portion 322, distal body support
connection portion 327, body support catheter connec-
tion 324, and body support catheter proximal portion 326.
Accordingly, body support catheter pusher 332 may be
advanced distally responsive to actuation at actuator
108, e.g., by actuating a knob or button on actuator 108
in a first direction, such that one or more prongs 334
engage with one or more openings 338 to push body
support catheter lock 330 distally over body support cath-
eter connection 324 and distal body support locking por-
tion 322 to lock body support catheter distal portion 320
to elongated rail distal portion 302, as described with re-
gard to FIGS. 10A to 10G. In addition, body support cath-
eter distal portion 320 may act as an end stop, thereby
prevent excessive distal movement of body support cath-
eter lock 330 and body support catheter pusher 332.
[0078] Bodysupportcatheterlock 330 mayinclude one
or more longitudinal slits 328 which may permit the distal
portion of body support catheter lock 330 to expand ra-
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dially as body support catheter lock 330 is pushed over
interference locking portion 323 of distal locking portion
322. As body support catheter lock 330 expands radially,
it engages with the inner surface of the lumen of shaping
catheter distal portion 340 to thereby lock body support
catheter distal portion 320 to shaping catheter distal por-
tion 340. FIG. 7E illustrates the body support catheter in
the delivery state where body support catheter lock 330
is disposed over distal body support interlinking portion
331 of body support catheter connection 324 while distal
body support interlinking portion 331 is in its collapsed
state due to the force applied by body support catheter
lock 330, and interlinked with distal body support con-
nection portion 327.

[0079] Referring now to FIGS. 10A to 10G, an exem-
plary method for detaching the body support catheter is
described. As shown in FIG. 10A, body support catheter
lock 330 is disposed over distal body support interlinking
portion 331 of body support catheter connection 324
while distal body support interlinking portion 331 is in its
collapsed state and interlinked with distal body support
connection portion 327. As shown in FIG. 10A, interfer-
ence locking portion 323 may have a thickness that in-
creases in the distal direction, thereby forming a ramped
outer surface. Accordingly, as body support catheter
pusher 332 is advanced distally to push body support
catheter lock 330 distally over interference locking por-
tion 323 of distal body support locking portion 322, as
shown in FIG. 10B, interference locking portion 323 is
pushed radially inward toward the longitudinal axis of the
body support catheter. The bottom surface of interfer-
ence locking portion 323 will extend into the lumen of
distal body support locking portion 322 where elongated
rail distal portion 302 may be disposed, and thus, inter-
ference locking portion 323 will lock body support cath-
eter distal portion 320 to elongated rail distal portion 302
when body support catheter lock 330 is positioned over
interference locking portion 323. As shown in FIG. 10C,
one or more longitudinal slits 328 may expand slightly as
body support catheter lock 330 is advanced distally over
interference locking portion 323 of distal locking portion
322, such that body support catheter lock 330 engages
with the inner surface of the lumen of shaping catheter
distal portion 340 (not shown) to thereby lock body sup-
port catheter distal portion 320 to shaping catheter distal
portion 340. The thickness of interference locking portion
323 may dictate the force of locking between body sup-
port catheter distal portion 320, elongated rail distal por-
tion 302, and shaping catheter distal portion 340. For
example, body support catheter lock 330 may be a dis-
placement-controlled lock such that as body support
catheter lock 330 is advanced distally over interference
locking portion 323, the force applied to body support
catheterlock 330rises and thenreaches a plateau, rather
than increasing the more it is pushed. As will be under-
stood by a person having ordinary skill in the art, after
advancement of body support catheter lock 330 is com-
plete, relative motion between body support catheter dis-
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tal portion 320 and elongated rail distal portion 302 is
constrained, and thus telescoping is locked, and relative
motion between body support catheter distal portion 320
and shaping catheter distal portion 340 is constrained,
thereby locking the angle of the elongated rail.

[0080] As shown in FIGS. 10D and 10E, while body
support catheter lock 330 is positioned over interference
locking portion 323 of distal body support locking portion
322 such that body support catheter distal portion 320 is
locked to elongated rail distal portion 302 and to shaping
catheter distal portion 340, body support catheter pusher
332 may be retracted proximally responsive to actuation
at actuator 108, e.g., by actuating a knob or button on
actuator 108 in a second direction opposite to the first
direction, to thereby expose distal body support interlink-
ing portion 331 of body support catheter connection 324.
When body support catheter pusher 332 is retracted
proximally enough such thatdistal body supportinterlink-
ing portion 331 is entirely exposed, distal body support
interlinking portion 331 may self-expand from its col-
lapsed state within body support catheter pusher 332 to
its expanded state, thereby disengaging with distal body
support connection portion 327, as shown in FIG. 10F.
Preferably, body support catheter pusher 332 only ex-
poses distal body support interlinking portion 331, and
remains disposed over proximal body supportinterlinking
portion 335 and proximal body support connection por-
tion 339. Alternatively, distal body support interlinking
portion 331 may be shape set to expand radially inwards
or in another direction to disengage with distal body sup-
port connection portion 327. When distal body support
interlinking portion 331 is disengaged from distal body
support connection portion 327, body support catheter
pusher 332, body support catheter proximal portion 326
and body support catheter connection 324 may be re-
moved from the patient, while body support catheter dis-
tal portion 320 remains implanted within the patient, as
shown in FIG. 10G. Further, elongated rail proximal por-
tion 304 may be detached from elongated rail distal por-
tion 302 as described above and removed from the pa-
tient.

[0081] As will be understood by a person having ordi-
nary skill in the art, after distal body support interlinking
portion 331 is disengaged from distal body support con-
nection portion 327, elongated rail proximal portion 304
must be disengaged from elongated rail distal portion
302 so that elongated rail proximal portion 304 may be
removed from the patient, while elongated rail distal por-
tion 302 remains implanted within the patient.

[0082] ReferringbacktoFIGS.7F and 7G, support300
may include a shaping catheter having shaping catheter
distal portion 340 and shaping catheterlock 348 at distal,
implantable portion 311 of support 300, and shaping
catheter proximal portion 346, shaping catheter connec-
tion 344, and shaping catheter pusher 350 at proximal,
delivery portion 310 of support 300. The shaping catheter
may extend from actuator 108 toward prosthetic coapta-
tion body 200.
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[0083] ReferringnowtoFIG. 11A, the shaping catheter
is illustrated with shaping catheter distal portion 340 en-
gaged with shaping catheter proximal portion 346 via
shaping catheter connection 344. Referring to FIGS. 11B
and 11C, the shaping catheter is shown with components
separated for clarity. Shaping catheter distal portion 340,
shaping catheter connection 344, and shaping catheter
pusher 346 have a lumen sized and shaped to receive
the body support catheter therethrough. The distal end
of shaping catheter distal portion 340 preferably does not
extend allthe way to prosthetic coaptation body 200, such
that body support catheter distal portion 320 extends be-
yond a distal end of shaping catheter distal portion 340
to be coupled to prosthetic coaptation body 200. As de-
scribed above, the distal end of shaping catheter distal
portion 340 may include a collar for facilitating straight-
ening and bending of elongated rail distal portion 302
based on the relative position of shaping catheter distal
portion 340 and elongated rail distal portion 302.
[0084] The proximal end of shaping catheter distal por-
tion 340 may include distal shaping catheter locking por-
tion 342 and distal shaping catheter connection portion
343. Distal shaping locking portion 342 and distal shaping
connection portion 343 may be formed of a single piece
and may have an outer diameter that is smaller than the
outer diameter of shaping catheter distal portion 340. Al-
ternatively, distal shaping locking portion 342 and distal
shaping connection portion 343 may be separate com-
ponents that are conjoined together. The tube formed by
distal shaping locking portion 342 and distal shaping con-
nection portion 343 may extend at least partially through
the lumen of shaping catheter distal portion 340. Accord-
ingly, distal shaping locking portion 342 and distal shap-
ing connection portion 343 may have a lumen sized and
shaped to receive the body support catheter there-
through.

[0085] As shown in FIG. 11C, distal shaping locking
portion 342 may include features, e.g. bumps, wedges,
or otherwise, to increase the effective diameter of the
section, as realized per wedged portion 353. In some
embodiments, wedged portion 353 may be formed sim-
ilar to the wedged portion of interference locking portion
323 of the body support catheter. Distal shaping connec-
tion portion 343 may include opening 341, e.g., a T-
shaped opening, sized and shaped to interlink with shap-
ing catheter connection 344.

[0086] Shaping catheter connection 344 may include
distal shaping interlinking portion 347 defined by opening
345 and proximal shaping interlinking portion 351 defined
by opening 349. Distal shaping interlinking portion 347
may be biased radially outward, and may transition from
the expanded state to a collapsed state upon application
of a radially inward force, as described in further detail
below. Moreover, distal shaping interlinking portion 347
has a shape that corresponds with the shape of opening
341 of distal shaping connection portion 343, such that
when distal shaping interlinking portion 347 is in its col-
lapsed state, distal shaping interlinking portion 347 inter-
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links with distal shaping connection portion 343. When
interlinked, distal shaping connection portion 343 fits
within opening 345 of shaping catheter connection 344,
and distal shaping interlinking portion 347 of shaping
catheter connection 344 fits within opening 341 of distal
shaping connection portion 343. For example, distal
shaping connection portion 343 and distal shaping inter-
linking portion 347 may have a T-shape.

[0087] Proximal shaping interlinking portion 351 of
shaping catheter connection 344 may have a shape that
corresponds with the shape of opening 352 of shaping
catheter proximal portion 346 such that proximal shaping
interlinking portion 351 may interlink with shaping cath-
eter proximal portion 346. When interlinked, proximal
shaping interlinking portion 351 fits within opening 352
of shaping catheter proximal portion 346, and proximal
shaping connection portion 354 of shaping catheter prox-
imal portion 346 fits within opening 349 of shaping cath-
eter connection 344. For example, proximal shaping con-
nection portion 354 and proximal shaping interlinking por-
tion 351 may have a T-shape.

[0088] Shaping catheterlock 348 may include proximal
portion 355 having one or more openings 356 sized and
shaped to receive one or more prongs 357 of shaping
catheter pusher 350. In addition, shaping catheter lock
348 and shaping catheter pusher 350 have a lumen sized
and shaped to receive distal shaping locking portion 342,
distal shaping connection portion 343, shaping catheter
connection 344, and shaping catheter proximal portion
346. Accordingly, shaping catheter pusher 350 may be
advanced distally responsive to actuation at actuator
108, e.g., by actuating a knob or button on actuator 108
in a first direction, such that one or more prongs 357
engage with one or more openings 356 to push shaping
catheter lock 348 distally over wedged portion 353 of
distal shaping locking portion 342, thereby causing shap-
ing catheterlock 348 to expand and engage with the inner
surface of the lumen of anchor tube 360 to lock shaping
catheter distal portion 340 to anchor tube 360. For ex-
ample, shaping catheter lock 348 may include one or
more longitudinal slits 358 which may permit the distal
portion of shaping catheter lock 348 to expand radially
as shaping catheterlock 348 is pushed over distal locking
portion 342.

[0089] In addition, shaping catheter distal portion 340
may act as an end stop, thereby prevent excessive distal
movement of shaping catheter lock 348 and shaping
catheter pusher 350. FIG. 7Gillustrates the shaping cath-
eter in the delivery state where shaping catheter lock 348
is disposed over distal shaping interlinking portion 347
of shaping catheter connection 344 while distal shaping
interlinking portion 347 is in its collapsed state due to the
force applied by shaping catheter lock 348, and inter-
linked with distal shaping connection portion 343.
[0090] Referring now to FIG. 12A, further details on
the exemplary method for disengaging the shaping cath-
eter are described, in accordance with some aspects.
The top drawing illustrates the shaping catheter in an
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engaged configuration suitable for delivering the pros-
thetic device to the cardiac valve. Responsive to actua-
tion at the actuator, e.g., at the handle, components of
shaping catheter are moved to cause the distal portion
of the shaping catheter to lock with the anchor tube, 360,
and to cause the proximal portion to detach from the distal
portion of the shaping catheter. For example, moving an
interface (e.g., button, knob, etc.) on the actuator distally
may push shaping catheter pusher 350 distally thereby
pushing shaping catheter lock 348 distally causing the
shaping catheter distal portion to lock with the anchor
tube, 360. Further, moving the interface on the actuator
proximally may cause shaping catheter pusher 350 to
retract proximally, thereby exposing the distal shaping
interlinking portion of shaping catheter connection 344
and permitting it to self-expand and disengage with distal
shaping catheter connection portion, 343, of the shaping
catheter distal portion, 340. The bottom drawing of FIG.
12A shows how the components have moved responsive
to actuation. In the bottom drawing, the shaping catheter
is in adisengaged configuration where the distal, implant-
able portionis designed to remainimplanted in the patient
with the prosthetic device while the proximal, delivery
portion can be removed from the patient.

[0091] Initially, shaping catheter lock 348 is disposed
over distal shaping interlinking portion 347 of shaping
catheter connection 344 while distal shaping interlinking
portion 347 is in its collapsed state and interlinked with
distal shaping connection portion 342. As shown in FIG.
12A, wedged portion 353 may have a thickness that in-
creases in the distal direction, thereby forming a ramped
outer surface. Accordingly, as shaping catheter pusher
350 is advanced distally to push shaping catheter lock
348 distally over wedged portion 353 of distal shaping
locking portion 342, wedged portion 353 causes shaping
catheter lock 348 to expand radially outward away from
the longitudinal axis of the shaping catheter. Accordingly,
the outer surface of shaping catheterlock 348 willengage
with the inner surface of the lumen of anchor tube 360,
thereby constraining relative motion between shaping
catheter distal portion 340 and anchor tube 360. One or
more longitudinal slits 358 may expand slightly as shap-
ing catheter lock 348 is advanced distally over wedged
portion 353 of distal shaping locking portion 342.
[0092] While shaping catheter lock 348 is positioned
over wedged portion 353 of distal locking portion 342
such that shaping catheter distal portion 340 is locked to
anchor tube 360, shaping catheter pusher 350 may be
retracted proximally responsive to actuation at actuator
108, e.g., by actuating a knob or button on actuator 108
in a second direction opposite to the first direction, to
thereby expose distal shaping interlinking portion 347 of
shaping catheter connection 344. When shaping cathe-
ter pusher 350 is retracted proximally enough such that
distal shapinginterlinking portion 347 is entirely exposed,
distal shaping interlinking portion 347 may self-expand
from its collapsed state within shaping catheter pusher
350toits expanded state, thereby disengaging with distal

10

15

20

25

30

35

40

45

50

55

19

shaping connection portion 343. When distal shaping in-
terlinking portion 347 is disengaged from distal shaping
connection portion 343, shaping catheter pusher 350,
shaping catheter proximal portion 346, and shaping cath-
eter connection 344 may be withdrawn into the delivery
sheath and can subsequently be removed from the pa-
tient, while shaping catheter distal portion 340 remains
implanted within the patient. Further, body support cath-
eter distal portion 320 may be detached from the body
support catheter proximal components and elongated rail
distal portion 302 may be detached from elongated rail
distal portion 304 as described above, such that the prox-
imal components may be removed from the patient, while
body support catheter distal portion 320 and elongated
rail distal portion 302 may remain implanted within the
patient, as shown in FIG. 12A.

[0093] As will be understood by a person having ordi-
nary skill in the art, after distal shaping interlinking portion
347 is disengaged from distal shaping connection portion
343, distal body support interlinking portion 331 can sub-
sequently be disengaged from distal body support con-
nection portion 327 as described above, through the ac-
tion of withdrawal so that body support catheter pusher
332, body support catheter proximal portion 326, and
body support catheter connection 324 may be removed
from the patient, while body support catheter distal por-
tion 320 and elongated rail distal portion 302 remain im-
planted within the patient. In addition, elongated rail prox-
imal portion 304 must be disengaged from elongated rail
distal portion 302 after distal body support interlinking
portion 331 is disengaged from distal body support con-
nection portion 327 so that elongated rail proximal portion
304 may be removed from the patient.

[0094] Referring now to FIG. 12B, further details on
the exemplary method for disengaging the body support
catheter after the shaping catheter is disengaged is de-
scribed, in accordance with some aspects. The top draw-
ing illustrates the body support catheter in an engaged
configuration suitable for delivering the prosthetic device
to the cardiac valve. Responsive to actuation at the ac-
tuator, e.g., at the handle, components of body support
catheter are moved to cause the distal portion to lock
with the distal portions of the shaping catheter and the
elongated rail, and to cause the proximal portion to de-
tach from the distal portion of the body support catheter.
For example, moving an interface (e.g., button, knob,
etc.) on the actuator (which may be the same or different
interface moved for unlocking the shaping catheter) dis-
tally may push body support catheter pusher 332 distally
thereby pushing body support catheter lock 330 distally
causing body support catheter distal portion 320 to lock
with elongated rail distal portion 302 shaping catheter
distal portion 340. Subsequently moving the interface on
the actuator proximally may cause body support catheter
pusher 332 to retract proximally, thereby exposing distal
body support interlinking portion 331 of body support
catheter connection 324 and permitting it to self-expand
and disengage with the distal portion of the body support
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catheter. Preferably, body support catheter pusher 332
only exposes distal body support interlinking portion 331,
and remains disposed over proximal body support inter-
linking portion 335 and proximal body support connection
portion 339. The bottom drawing of FIG. 12B shows how
the components have moved responsive to actuation. In
the bottom drawing, the body support catheter is in a
disengaged configuration where the distal, implantable
portion is designed to remain implanted in the patient
with the prosthetic device while the proximal, delivery
portion can be removed from the patient.

[0095] Initially, body support catheter lock 330 and/or
body support catheter pusher 332 are disposed over dis-
tal body support interlinking portion 331 of body support
catheter connection 324 while distal body support inter-
linking portion 331 is in its collapsed state and interlinked
with distal body support connection portion 327. As body
support catheter pusher 332 is advanced distally to push
body support catheter lock 330 distally over interference
locking portion 323 of distal body support locking portion
322, interference locking portion 323 is pushed radially
inward toward the longitudinal axis of the body support
catheter. The bottom surface of interference locking por-
tion 323 will extend into the lumen of distal body support
locking portion 322 where elongated rail distal portion
302 may be disposed, and thus, interference locking por-
tion 323 will lock body support catheter distal portion 320
to elongated rail distal portion 302 when body support
catheter lock 330 is positioned over interference locking
portion 323. In addition, interference locking portion 323
may cause support catheter lock 330 to expand radially
outward such that support catheter lock 330 engages
with the inner surface of the lumen of shaping catheter
distal portion 340, to thereby lock body support catheter
distal portion 320 with shaping catheter distal portion 340
when body support catheter lock 330 is positioned over
interference locking portion 323. One or more longitudi-
nalslits 328 may expand slightly as body support catheter
lock 330 is advanced distally over interference locking
portion 323 of distal locking portion 322.

[0096] While body support catheter lock 330 is posi-
tioned overinterference locking portion 323 of distal body
support locking portion 322 such that body support cath-
eter distal portion 320 is locked to elongated rail distal
portion 302, body support catheter pusher 332 may be
retracted proximally to thereby expose distal body sup-
portinterlinking portion 331 of body support catheter con-
nection 324. When body support catheter pusher 332 is
retracted proximally enough such that distal body support
interlinking portion 331 is entirely exposed, distal body
support interlinking portion 331 may self-expand from its
collapsed state within body support catheter pusher 332
to its expanded state, thereby disengaging with distal
body support connection portion 327. When distal body
support interlinking portion 331 is disengaged from distal
body support connection portion 327, body support cath-
eter pusher 332, body support catheter proximal portion
326, and body support catheter connection 324 may be
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removed from the patient, while shaping catheter distal
portion 340, body support catheter distal portion 320 re-
mains implanted within the patient, as shown in FIG.12B.
[0097] After or while distal body support interlinking
portion 331 is disengaged from distal body support con-
nection portion 327, elongated rail proximal portion 304
must be disengaged from elongated rail distal portion
302 so that elongated rail proximal portion 304 may be
removed from the patient. For example, once the com-
ponents of the body support catheter over the detach-
ment portion of the elongated rail have been disengaged
and no longer hold the detachment portion of the elon-
gated rail together, the elongated rail may be detached.
[0098] FIG. 12C illustrates support 300 in a disen-
gaged configuration where shaping catheter pusher 350,
shaping catheter proximal portion 346, shaping catheter
connection 344, body support catheter pusher 332, body
support catheter connection 324, and elongated rail prox-
imal portion 304 are disengaged from shaping catheter
distal portion 340, shaping catheter lock 348, body sup-
port catheter distal portion 320, body support catheter
lock 330, and elongated rail distal portion 302. In addition,
as shown in FIG. 12C, anchor tube 360 is disposed over
body support catheter distal portion 320. FIG. 12D illus-
trates support 300 in the disengaged configuration as
described with regard to FIG. 12C, without anchor tube
360 shown.

[0099] FIG. 12E illustrates support 300 in the disen-
gaged configuration as described with regard to FIG.
12D, without shaping catheter distal portion 340, shaping
catheter lock 348, shaping catheter connection 344, and
shaping catheter pusher 350 shown. FIG. 12F illustrates
the elongated rail of support 300 in the disengaged con-
figuration as described with regard to FIG. 12E, without
body support catheter distal portion 320, body support
catheter lock 330, body support catheter pusher 332, and
body support catheter connection 324 shown.

[0100] Referring now to FIG. 13 an exemplary valve
connection area for coupling support 300 with prosthetic
coaptation body 200 is described. As shown in FIG. 13,
the distal end of body support catheter 320 may be cou-
pled to spine 201 of prosthetic coaptation body 200 at
valve connection area 222. For example, body support
catheter 320 may be coupled to spine 201 of prosthetic
coaptation body 200 via a snap fit connection, as de-
scribed in further detail below with regard to FIGS. 14A
to 14E.

[0101] Referring now to FIGS. 14A to 14E, an exem-
plary snap fit system for coupling the prosthetic coapta-
tion body to the detachable support is described. As
shown in FIGS. 14A and 14B, spine 201 of prosthetic
coaptation body 200 may be coupled at its proximal end
to spine connector 224 via snap fit system 222. The distal
portion of spine connector 224, e.g., the portion of spine
connector 224 coupled to spine 201, may have a first
outer diameter, which may be larger than the outer di-
ameter of spine 201. The mid-portion of spine connector
224 proximal to the distal portion may have an outer di-
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ameter thatis smaller than the outer diameter of the distal
portion of spine connector 224, and the proximal-most
portion of spine connector 224 may have an outer diam-
eter thatis larger than the mid-portion of spine connector
224. As shown in FIGS. 14B and 14C, at least a portion
of the mid-portion and the proximal portion of spine cath-
eter 224 may have an opening 228, thereby defining two
prongs 226. Accordingly, upon application of sufficient
force via the proximal portion of support connector 224,
prongs 226 may be moved radially inward, and may re-
turn to its natural state upon the removal of the external
force. As shown in FIG. 14C, the proximal and distal edg-
es of the proximal portion of spine connector 224 may
be rounded and/or sloped to facilitate moving prongs 226
radially inward.

[0102] In addition, the proximal end of spine connector
224 may be coupled to support connector 362. Support
connector 362 may have a tubular shape and an internal
cavity having a geometry corresponding with the shape
of prongs 226 of spine connector 224. As shown in FIG.
14B, a distal portion of the cavity of support connector
362 may have a diameter equal to the outer diameter of
the mid-portion of spine connecter 224, and a proximal
portion of the cavity of support connector 362 may have
a diameter equal to the outer diameter of the proximal
portion of spine connector 224. Accordingly, as the prox-
imal end of spine connector 224 is pushed into the cavity
of support connector 362, the distal portion of the internal
cavity of support connector 362 will push prongs 226 ra-
dially inward as shown in FIG. 14D. Spine connector 224
may be pushed into the cavity of support connector 362
until the proximal portion of spine connector 224 reaches
the proximal portion of the cavity of support connector
362, such that prongs 226 return to its natural state as
shown in FIGS. 14B and 14E. Moreover, as shown in
FIG. 14B, the outer diameter of the distal portion of spine
connector 224 may prevent further distal movement of
support connector 362 relative to spine connector 224.
In addition, the distal end of the elongated rail distal por-
tion may be positioned within the cavity of support con-
nector 362 when prongs 226 are disposed within the cav-
ity, thereby preventing spine connector 224 from disen-
gaging from support connector 362, e.g., via press fit.
[0103] As shown in FIG. 14A, support connector 362
may include one or more openings 364 adjacent to the
proximal portion of the cavity of support connector 362.
For example, when the elongated rail is removed, a dis-
lodging tool may be inserted through one or more open-
ings 364 to push the proximal portion of spine connector
224 radially inward, such that spine connector 224 may
be disengaged from support connector 362. As will be
understood by a person having ordinary skill in the art,
support connector 362 may be coupled to the distal end
of elongated rail distal portion 302 instead of, or in addi-
tion to, the distal end of body support catheter distal por-
tion 320. In addition to, or alternatively, support connector
362 may be coupled to the distal end of shaping catheter
distal portion 340.
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[0104] Referring now to FIGS. 15A and 15B, an exem-
plary interlinking connector system for coupling the pros-
thetic coaptation body to the detachable support is de-
scribed. As shown in FIGS. 15A and 15B, spine 201 of
prosthetic coaptation body 200 may be coupled at its
proximal end to spine connector 232 via interlinking con-
nector system 230. The distal portion of spine connector
232, e.g., the portion of spine connector 232 coupled to
spine 201, may have a first outer diameter, which may
be larger than the outer diameter of spine 201. The por-
tion of spine connector 232 proximal to the distal portion
of spine connector 232 may have a first hook geometry
as shownin FIG. 15A. Spine connector 232 may be made
of, e.g., Nitinol or other metals or polymers such as PEEK.
[0105] The distalend of body supportcatheter 320 may
be coupled to support connector 370. The distal portion
of support connector 370 may have a second hook ge-
ometry that corresponds with the first hook geometry of
the proximal portion of spine connector 232 as shown in
FIG. 15A. When engaged, the outer diameter of both the
proximal portion of spine connector 232 and the distal
portion of support connector 370 may form a tubular
shape, and may be smaller than the outer diameter of
the distal portion of spine connector 232. Support con-
nector 370 may be made of, e.g., Nitinol or other metals
or polymers such as PEEK. Accordingly, the interlinking
connector system may have a polymer interface between
spine connector 232 and support connector 370 to avoid
galvanic corrosion between the two components. Alter-
natively, support connector 370 may be made of, e.g.,
stainless steel, and spine connector 232 may be made
of, e.g., Nitinol. As will be understood by a person having
ordinary skill in the art, all the spine connectors and sup-
port connectors described herein may be made of differ-
ing materials, e.g., Nitinol and stainless steel, and there-
fore may all have a polymer interface between support
connector and spine connector to avoid galvanic corro-
sion between the two components. Support connector
370 may be made entirely of, e.g. PEEK. In addition,
support connector 370 may be coupled to the distal end
of body support catheter distal portion 320 via, e.g., glu-
ing, overmoulding, welding, or soldering, depending on
the material of support connector 370.

[0106] AsfurthershowninFIG. 15A, supportconnector
370 may have groove 372 extending circumferentially
around a proximal portion of support connector 370. In
some embodiments, support connector 370 may have a
plurality of grooves, which may have a barb-like feature
to bias travel of the sleeve in one direction. As shown in
FIG. 15B, when the proximal portion of spine connector
232 and the distal portion of support connector 370 are
engaged, a sleeve, e.g., compression sleeve 234, may
be advanced distally over support connector 370 and at
least a portion of the proximal portion of spine connector
232, to apply a force thereon and maintain the engage-
ment between spine connector 232 and support connec-
tor 370. As shown in FIG. 15B, the outer diameter of the
distal portion of spine connector 232 may prevent further
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distal movement of compression sleeve 234. In addition,
the proximal portion of compression sleeve 234 may in-
clude a plurality of slits 236, such that a plurality of pro-
trusions circumferentially disposed along the proximal
end of compression sleeve 234 may cause the proximal
end of compression sleeve 234 to move slightly radially
outward as compression sleeve 234 advances over sup-
port connector 370 until the plurality of protrusions en-
gage with groove 372. Once compression sleeve 234 is
engaged with groove 372 of support connector 370, en-
gagement between spine connector 232 and support
connector 370 will be maintained within compression
sleeve 234.

[0107] Referring now to FIG. 16A, an exemplary sys-
tem for coupling the support connector of the interlinking
connector system to the body support catheter is de-
scribed. As shown in FIG. 16A, proximal portion 374 may
have a tubular shape and a lumen sized and shaped to
receive the distal end of body support catheter 320. Prox-
imal portion 374 may have a plurality of openings 376
extending from the lumen of proximal portion 374 to the
outer surface of proximal portion 374. In addition, outer
sleeve 378 may be wrapped over proximal portion 374
and at least a portion of body support catheter 320, as
shown in FIG. 16A. Accordingly, a polymer may be dis-
posed through the plurality of openings 376 to bond outer
sleeve 378 to body support catheter 320.

[0108] Referring now to FIGS. 16B and 16C, an exem-
plary system for coupling the interlinking connector sys-
tem to the prosthetic coaptation body is described. As
shown in FIGS. 16B and 16C, proximal portion 238 of
spine connector 232 may include slit 239 extending from
an inner surface of proximal portion 238 to the outer sur-
face of proximal portion 238. Accordingly, spine 201 may
be slightly larger than the lumen of proximal portion 238,
such that slit 239 may provide relief to proximal portion
238 as support connector 232 is advanced over spine
201.

[0109] Referring now to FIGS. 17A to 17H, an exem-
plary method of inserting and positioning prosthetic co-
aptation body 200 across a native valve is shown. Prior
to the implantation procedure, the patient may undergo
a cardiac gated-CT to define the right heart and SVC
anatomy. For the procedure, the patient may be fully an-
esthetized and may undergo right atrial and ventricular
angiography. A sheath (e.g., 26 French sheath) may be
inserted into the right internal jugular vein and a femoral
venous (e.g., 9 Fr) line may be inserted for delivery of an
intracardiac echo probe. All venous access may be ob-
tained by ultrasound guidance. As shown in the figures
described below, the prosthetic device may be deployed
out of the delivery sheath and into the right atrium. The
anchor system may then be manipulated under x-ray
guidance to increase the bend angle and advance the
prosthetic device until it crosses the tricuspid annulus.
Once the initial device position is achieved with the pros-
thetic device across the tricuspid valve, a sheath may be
retracted further to deploy the stent in the SVC and then
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positioning may be further adjusted to determine the final,
optimal position. Correct device positioning may be con-
firmed by fluoroscopy and echocardiography. Clinical,
hemodynamic, and echocardiographic outcomes may be
assessed serially during the procedure to achieve opti-
mum position. Echocardiography may be performed at
baseline and after device placement to assess device
function and tricuspid regurgitation. Once the optimal po-
sitionis achieved, thelocksin the handle may be released
to lock and detach the system (e.g., a plurality of locks
such as two locks and a plurality of disconnected ele-
ments such as four disconnected elements), and the han-
dle and sheath can then be removed.

[0110] In FIG. 17A, sheath introducer 400 is inserted
percutaneously into a blood vessel, e.g., through the jug-
ular vein near a patient’s neck or via the femoral artery.
Sheath introducer 400 provides an opening for a clinician
to percutaneously insert prosthetic coaptation body 400
and support 300 into the blood vessel. In FIG. 17B, de-
livery sheath 402 is inserted through sheath introducer
400 and advanced distally into the area in which pros-
thetic coaptation body 200 will be deployed. In the case
of a damaged ftricuspid valve, for example, delivery
sheath 402 will extend through the inferior or superior
vena cava into the right atrium such that the distal end
of delivery sheath 402 is in the right atrium. In some cas-
es, a guide wire may be introduced prior to inserting de-
livery sheath 402 to guide delivery sheath 402 through
the blood vessel. Delivery sheath 402 preferably contains
prosthetic coaptation body 200 in its compressed delivery
state and support 300. Preferably, anchor 500 and an-
chor tube 360 may also be contained in delivery sheath
402, where anchor 500 is in a compressed delivery state.
[0111] Asiillustrated in FIG. 17C, prosthetic coaptation
body 200 is moved distally, e.g., using actuator 108
and/or interfaces 110, 112, 114, 116, 118, 120 out the
distal end of delivery sheath 402, exposing prosthetic
coaptation body 200, which expands to an expanded de-
ployed state. For example, a clinician may move actuator
108 distally while holding delivery sheath 402 in place
such that the prosthetic device moves out the distal end
of the sheath and self-expands upon deployment. Sup-
port 300 may alternatively be held in place while delivery
sheath 402 is withdrawn to expose prosthetic coaptation
body 200. FIG. 17D shows prosthetic coaptation body
200 in its fully expanded state. As illustrated in FIG. 17E,
body support catheter 320 may be steered to orient pros-
thetic coaptation body 200 in its deployed orientation us-
ing actuator 108 and/or one or more interfaces 110, 112,
114, 116, 118, 120.

[0112] Anchor tube 360 is partially exposed, either by
being pushed through delivery sheath 402 or by with-
drawing delivery sheath 402 while holding in place an-
chor tube 360. As illustrated in FIG. 17F, delivery sheath
402 is further withdrawn, exposing anchor 500, which
expands upon exposure from delivery sheath 402. As
illustrated in FIG. 17G, anchor 500 is fully exposed and
expanded, and engages with the walls of a blood vessel,
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holding itself in position. In the case of a damaged tricus-
pid valve, as shown, anchor 500 may engage the walls
of the superior vena cava. Prosthetic coaptation body
200 may then be moved into its final deployed position
using actuator 108 and/or interfaces 110, 112, 114, 116,
118, 120. For example, the interface operatively coupled
to the shaping catheter may be actuated to adjust exten-
sion of the shaping catheter relative to the anchor tube
to extend prosthetic coaptation body 200 to the desired
distance within the native heart valve. In addition, the
interface operatively coupled to the elongated rail may
be actuated to adjust the angle of the elongated rail rel-
ative to the shaping catheter such that prosthetic coap-
tation body 200 is a positioned at the desired angle rel-
ative to anchor 500. Moreover, the interface operatively
coupled to body support catheter may be actuated to
telescope the body support catheter relative to the elon-
gated rail to position prosthetic coaptation body 200 in
the desired position within the native valve. Additionally,
the catheters of support 300 may be rotated, e.g., by
rotating actuator 108, relative to anchor 500. Once pros-
thetic coaptation body 200 is properly positioned, the
locking and disengagement process described above
with regard to FIGS. 12A and 12B may be implemented
to lock the distal components of support 300 together,
and disengage the proximal components of support 300
from the distal components at the detachment area so
that the proximal components may be removed from the
patient.

[0113] For example, anchor 500 and anchor tube 360
are positioned in a location close to detachment area
301, at the proximal ends of shaping catheter distal por-
tion 340, body support catheter distal portion 320, and
elongatedrail distal portion 302. The interface operatively
coupled to body support catheter pusher 332 may be
actuated to push body support catheter lock 330 such
that body support catheter lock 330 causes interference
locking portion 323 to clamp down on elongated rail distal
portion 302 to lock body support catheter distal portion
320 to elongated rail distal portion 302 and body support
catheter lock 330 expands radially outward against shap-
ing catheter distal portion 340 to lock body support cath-
eter distal portion 320 to shaping catheter distal portion
340. The interface may then be actuated in the opposite
direction such that body support catheter pusher 332 is
retracted proximally to cause body support catheter con-
nection 324 to detach from body support catheter distal
portion 320. The interface operatively coupled to shaping
catheter pusher 350 may be actuated to push shaping
catheter lock 348 such that shaping catheter lock 348
expands radially outward against anchor tube 360, lock-
ing shaping catheter distal portion 340 to anchor tube
360, while anchor 500 is fixed in position and coupled to
shaping catheter distal portion 340 via anchor tube 360.
The interface may then be actuated in the opposite di-
rection such that shaping catheter pusher 350is retracted
proximally to cause shaping catheter connection 344 to
detach from shaping catheter distal portion 340. The in-
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terface operatively coupled to anchor tube sleeve 390
may be actuated to retract anchor tube sleeve 390 to
cause anchor tube connection 384 to detach from anchor
tube distal portion 380. As will be understood by a person
having ordinary skill in the art, when detachment of the
proximal components from the distal components of the
supportdoes notrequire self-expanding connections, the
detachment of the elongated rail, body support catheter,
shaping catheter, and anchor tube may be performed
independently and in any order.

[0114] Because anchor tube 360 is coupled to anchor
500, prosthetic coaptation body 200 will remain in place
suspended across the native valve. As illustrated in FIG.
17H, distal, implantable portion 311 remains implanted
while proximal, delivery portion 310, e.g., shaping cath-
eter proximal portion, body support catheter proximal
portion, 326, elongated rail proximal portion 304, and de-
livery sheath 402 and sheath introducer 400 are with-
drawn, e.g., by pulling actuator 108 proximally. FIG. 171
illustrates the prosthetic coaptation body 200 in an im-
planted, deployed state for treating cardiac valve regur-
gitation. As shown, anchor 500 is implanted in the supe-
rior vena cava SVC while the support extends into the
right atrium RA, bends a predefined angle (e.g., about
100 degrees) toward right ventricle RV, such that pros-
thetic coaptation body 200 is positioned across the tri-
cuspid valve TV.

[0115] Referring now to FIG. 18, an alternative exem-
plary frame of the prosthetic coaptation body is de-
scribed. Frame 240 is constructed similar to frame 205
of FIG. 2D. For example, frame 240 preferably includes
spine 201, proximal portion 241 having proximal ring 242
coupled to slotted prosthetic leaflets anchors 245, and
distal portion 243 having distal ring 246. Proximal ring
242 may be coupled to spine 201 via a plurality of prox-
imal tethers 244 and an optional step, and distal ring 246
may be coupled to spine 201 via a plurality of distal tethers
248 and an optional step. Frame 240 differs from frame
205inthat frame 240 does not have an inner ring coupled
to proximal ring 242. As shown in FIG. 18, the distal end
of plurality of proximal tethers 244 may be coupled to
proximal ring 242 at a midpoint of a segment of proximal
ring 242 extending from one slotted prosthetic leaflets
anchor 245 to an adjacent slotted prosthetic leaflets an-
chor, instead of at slotted prosthetic leaflets anchors 245.
In addition, the distal end of plurality of distal tethers 248
may be coupled to distal ring 246 at a peak of the sinusoid
of distal ring 246, instead of at the peak.

[0116] Referring now to FIG. 19, another alternative
exemplary frame of the prosthetic coaptation body is de-
scribed. Frame 250 is constructed similar to frame 205
of FIG. 2D. For example, frame 250 preferably includes
spine 201, proximal portion 251 having proximal ring 252
coupled to slotted prosthetic leaflets anchors 255, and
distal portion 253 having distal ring 256. Proximal ring
252 may be coupled to spine 201 via a plurality of prox-
imal tethers 254 and an optional step, and distal ring 256
may be coupled to spine 201 via a plurality of distal tethers
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258 and an optional step. Frame 250 differs from frame
205in that frame 250 does not have an innerring coupled
to proximal ring 252.

[0117] ReferringnowtoFIG. 20, yetanother alternative
exemplary frame of the prosthetic coaptation body is de-
scribed. Frame 260 is constructed similar to frame 205
of FIG. 2D. For example, frame 260 preferably includes
spine 201, proximal portion 261 having proximal ring 262
coupled to slotted prosthetic leaflets anchors 265, and
distal portion 263 having distal ring 266. Proximal ring
262 may be coupled to spine 201 via a plurality of prox-
imal tethers 264 and an optional step, and distal ring 266
may be coupled to spine 201 via a plurality of distal tethers
268 and an optional step. Frame 260 differs from frame
205in that frame 260 does not have an innerring coupled
to proximal ring 262. Instead, as shown in FIG. 20, frame
260 preferably includes second proximal ring 269 adja-
centto proximal ring 262. Accordingly, the prosthetic leaf-
lets may be sutured to proximal ring 262, while the skirt
may be sutured to second proximal ring 269, or vice ver-
sa. In one embodiment, the prosthetic leaflets and the
skirt may be joined together via an additional suture
and/or an additional biocompatible material.

[0118] As will be understood by a person having ordi-
nary skill in the art, a frame may be constructed with any
combination of connections points and features of frame
205, frame 240, frame 250, or frame 260.

[0119] Moreover, the frame may be designed with pre-
defined kink points to allow the conduit to be compressed
into a delivery sheath without being damaged, and to
more reliably expand upon delivery. The frame may have
a proximal outer ring and distal outer ring, as well as an
inner ring to which prosthetic valve leaflets may be at-
tached. One or more of the rings may exhibit a sinusoidal
or zig-zag shape in the expanded state to furtherimprove
the compression and expansion of the frame. The pros-
thetic coaptation body may have a proximal skirt joining
a proximal inner ring and proximal outer ring, as well as
an outer skirt joining the proximal outer ring to a distal
outer ring to improve coaptation of the native valve
against the outer skirt. The prosthetic coaptation body
may be coupled to the support by a plurality of tethers
that may be formed of shape-memory material such as
Nitinol. The tethers may be rigid or stiff and hold the pros-
thetic coaptation body in position more accurately than
tensile wires.

[0120] Referring now to FIGS. 21A and 21B, exempla-
ry prosthetic coaptation body 602 of the heart valve ther-
apeutic device is described. FIG. 21A shows prosthetic
coaptation body 602 viewed from the proximal end down-
ward, whereas FIG. 21B is a flipped over version of FIG.
21A. Prosthetic coaptation body 602 preferably includes
frame 632 having prosthetic leaflets 634 coupled thereto,
and may contain one or more biocompatible materials
coupled to frame 632 such as outer skirt 636 and/or prox-
imal skirt 638. The shape of prosthetic coaptation body
602 is formed by frame 632, which is designed to transi-
tion from a contracted, delivery state to an expanded,
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deployed state and may be formed from shape memory
material such as Nitinol. For example, frame 632 may
form a conduit that, together with prosthetic leaflets 634
and the biocompatible material covering form a channel
to allow blood to travel through prosthetic leaflets 634,
when opened during the cardiac cycle, and through pros-
thetic coaptation body 602. Outer skirt 636 is coupled to
frame 632 and may radially extend around frame 632 to
form an outer surface to which the native leaflets coapt
when closed during the cardiac cycle.

[0121] Frame 632 preferably includes proximal outer
ring 640, distal outer ring 642, and inner ring 644. In a
preferred embodiment, innerring 644 has a diameterless
than that of proximal outer ring 640 and may also have
a diameter less than that of distal outer ring 642. Frame
may include longitudinal struts 646, tethers 648, slotted
leaflet mounting features 650, and/or support tube 652.
Proximal outer ring 640 and distal outer ring 642 may be
coupled together by longitudinal struts 646. Longitudinal
struts 646 may be angled towards one another around
frame 632. For example, longitudinal struts 646 may form
a plurality of triangle-like shapes extending radially
around frame 632, as shown in FIG.21A.

[0122] Innerring 644 is preferably disposed (e.g., con-
centrically disposed) within proximal outer ring 644 and
spaced apart from proximal outer ring 640 such that prox-
imal outer ring 640 protects inner ring 644 from forces
on frame 632 resulting from pressure changes during the
cardiac cycle, thereby protecting the plurality of prosthet-
ic leaflets 634. Proximal outer ring 640, distal outer ring
642, and inner ring 644 may have a generally-circular
shape, but may be other shapes such as ovals or dia-
monds. As illustrated, inner ring 644 also preferably has
asinusoidal wave shape around its circumference. Prox-
imal outer ring 640 and distal outer ring 642 may also be
different sizes, forming prosthetic coaptation body 602
roughly into the shape of a truncated cone.

[0123] Frame 632 may be made of metal, such as Niti-
nol or stainless steel. Frame 632 may be made of various
components including wires, tubes, or flat strips. In a pre-
ferred embodiment, frame 632 is laser cut from a single
tube of Nitinol.

[0124] Frame 632 may be coupled to support 604 by
tethers 648, which are preferably formed of a solid metal.
Tethers 648 extend radially outward from support 604 to
couple to inner ring 640. Tethers 648 are collapsible
and/or compressible for delivery and may be self-ex-
pandable. Tethers 648 may also couple together proxi-
mal outer ring 640 and inner ring 644. Tethers 648 and
longitudinal struts 646 may also be formed from the same
member. Tethers 648 may be coupled to support tube
652, which may be formed as part of frame 632 or may
be formed as part of elongated rail distal portion 302. If
separately formed, support tube 652 is securely coupled
to elongated rail distal portion 302 to form part of support
604. Tethers 648 may extend from support tube 652 out-
wardly toward inner ring 644 such that tethers 648 are
coupled to inner ring 644, further extending toward prox-
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imal outer ring 640 such that tethers 648 are coupled to
proximal outer ring 640, thereby coupling inner ring 644
and proximal outer ring 640. In addition, tethers 648 may
continue as longitudinal struts 646, and bend downward
toward distal outer ring 642, thereby coupling proximal
outer ring 640 and distal outer ring 642. Preferably, pairs
of adjacent tethers 648 merge into a single member be-
fore reaching innerring 644 or where they couple to inner
ring 644. The merged tethers 648 couple together inner
ring 644 and proximal outer ring 640 and then split into
two longitudinal struts 646. The two longitudinal struts
646 may split diagonally from each other to form an up-
side-down V shape.

[0125] Additionally, frame 632 may have slotted leaflet
mounting features 650 extending distally from inner ring
644. Prosthetic leaflets 634 may be coupled directly to
inner ring 644 and may also be coupled at their edges to
slotted leaflet mounting features 650. Coupling to slotted
leaflet mounting features 650 may improve coaptation of
prosthetic leaflets 634.

[0126] Outer skirt 636 may be a thin sheet of biocom-
patible material surrounding frame 632, extending from
proximal outer ring 640 to distal outer ring 642 to form
the outside surface of the conduit. Outer skirt 636 may
be made of a rigid or compliant material. In some exam-
ples, outer skirt 636 expands and contracts responsive
to pressure changes during the cardiac cycle. In this man-
ner, outer skirt 636 may provide better coaptation with
native leaflets. Preferably, outer skirt 636 is made of peri-
cardium. Outer skirt 636 may be sewn to proximal outer
ring 640 and distal outer ring 642. Proximal skirt 638 may
be coupled to and cover the space between proximal
outer ring 640 and inner ring 644. Proximal skirt 638 may
be ofrigid or compliant material. Preferably, proximal skirt
638 is made of pericardium. Proximal skirt 638 may be
sewn to the proximal outer ring 640 and inner ring 644.
In some embodiments, proximal skirt 638 and outer skirt
636 are formed from a single piece of material.

[0127] Prosthetic leaflets 634 are coupled to innerring
644 and may also be coupled to slotted leaflet mounting
features 650. Prosthetic leaflets 634 fill the space inside
inner ring 644 to form a prosthetic valve which allows
blood to flow in the distal direction, but prevents blood
from flowing in the proximal direction. Though three pros-
thetic leaflets 634 are shown in FIGS. 21A and 21B, cer-
tain embodiments may have more or fewer prosthetic
leaflets. Preferably, prosthetic leaflets 634 will match the
number and arrangement of the native leaflets in the na-
tive valve.

[0128] Referring now to FIGS. 22A through 22E exem-
plary frame 632 of prosthetic coaptation body 602 is il-
lustrated. As shown in FIG. 22A, frame 632 may have a
number of predefined kink points 654 to allow frame 632
to reliably compress into the delivery sheath for insertion
into the blood vessel and to expand upon delivery into
the heart. This reduces the likelihood that frame 632 or
prosthetic leaflets 634 will be damaged when they are
pulled into the delivery sheath or that frame 632 will not
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fully expand upon delivery. One or more of proximal outer
ring 640, distal outer ring 642, or inner ring 644 may be
sinusoidal in shape to further aid compression and ex-
pansion of frame 632. Preferably, proximal outer ring 640
and inner ring 644 may be sinusoidal. As shown in FIG.
22A, the amplitude of the sinusoidal shape may be great-
er in inner ring 644 than proximal outer ring 640 and/or
distal outer ring 642. Tethers 648 and longitudinal struts
646 preferably couple to proximal outer ring 640 and inner
ring 644 at the crest of the sinusoid. FIG. 22E shows a
laser-cut, flat pattern of the exemplary frame.

[0129] FIGS.23A, 23B, and 23C are perspective views
of another exemplary frame of a prosthetic coaptation
body for the heart valve therapeutic device that are well-
suited for an acute treatment and FIGS. 23D and 23E
show exemplary laser-cut, flat pattern of the exemplary
frame. A plurality of prosthetic leaflets may be coupled
to the frame for the acute treatment.

[0130] FIGS. 23F and 23G show illustrative photos of
the reflown polymer coatings over the Nitinol frame com-
ponents and the stainless steel positioning tubes. Holes
(e.g., oval-shaped holes) in the frame elements are con-
figured to be able to allow the frame to be connected to
the support via reflown polymer.

[0131] FIG. 24A illustrates an exemplary system for
removably coupling the prosthetic coaptation body to the
support, for example, at the catheter. By permitting sep-
aration of the prosthetic coaptation body and the cathe-
ter/support, the two components may be packaged sep-
arately. Forexample, the prosthetic coaptation body may
be packaged in a liquid sterilant and the catheter may be
packaged dry. The coupling may occur ex vivo prior to
implantation. The prosthetic coaptation body may be re-
movably coupled to the support (e.g., at the catheter)
using a threaded mechanism. For example, a threaded
screw at the male end may be screwed into the female
end.

[0132] AsshowninFIG.24A, the frame assembly may
have a distal and proximal frame component fastened to
the central spine. The frame assembly also shows mul-
tiple layers of polymerinterface elements. These polymer
layers may be melted and fused together locking the Niti-
nol frame tube to the other components without having
the Nitinol touch other metals, and thus avoiding the cor-
rosion issues between dissimilar metals. The frame as-
sembly also may include safety collars that are securely
crimped to provide additional resistance to pull out of the
polymer bonded Nitinol frame components during device
retrieval and collapse into a retrieval sheath, where the
polymer components may fail in shear or delamination.
The frame subassembly could then be fastened to the
spine with crimping or adhesive or another suitable meth-
od. Additionally, the frame could be bonded directly to
the spine using the same polymer reflowing method.
[0133] FIG.24Billustrates atorque limiting system that
may be used to limit torqueing during coupling. As illus-
trated, two torque limiting components may be used. An
outer ring is coupled to an inner ring via flexible vanes or
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struts. The inner ring is placed against the distal end of
the body support catheter and twisted by hand via the
outer ring. Once the two components are coupled togeth-
er and the threads tight, the torque that is applied by the
outer ring is exceeded by the resistance of the tightened
threads, the struts deflect and slip past the inner features
within the outer ring. This limits the torque that can be
applied to the threaded coupler via the outer ring. The
length, shape, thickness and stiffness of flexible struts
(FIG. 24C) may thus be calibrated to provide the desired
torque limiting characteristics. The torque limiting com-
ponents may be made from plastic. Once the suitable
torque has been reached, the two nested plastic pieces
slip within each other and click into place. FIG. 24D illus-
trates the steps of using the torque limiting system to limit
torqueing during coupling of the prosthetic coaptation
body to the body support catheter.

[0134] Referring now to FIGS. 25A and 25B, alterna-
tive exemplary snap fit system 700 for coupling the pros-
thetic coaptation body to the detachable support is de-
scribed. As shown in FIG. 25A, spine connector 702,
which may be coupled to the spine of the prosthetic co-
aptation body, may have a tubular shape with one or
more grooves 704 disposed on its outer surface along
its mid-portion. Support connector 706, which may be
coupled to the body support catheter, may have an in-
ternal lumen having one or more protrusions 708 dis-
posed therein. Protrusions 708 have a geometry corre-
sponding to grooves 704 of spine connector 702. Protru-
sions 708 may be disposed on flexible portion 703 of
support connector 706 defined by U-shaped slit 701, as
shown in FIG. 25B. Accordingly, as the proximal end of
spine connector 702 is inserted within the lumen of sup-
port connector 706, the proximal end of spine connector
702 pushes against protrusions 708 such that flexible
portion moves radially outward until protrusions 708 are
aligned with grooves 704, and flexible portion 703 returns
to its natural state, thereby locking spine connector 702
to support connector 706. Grooves 704 may include a
number of grooves corresponding with the number of pro-
trusions 708, or alternatively, groove 704 may be a single
groove extending circumferentially around the mid-por-
tion of spine connector 702. In addition, the distal end of
the elongated rail may be positioned within the inner di-
ameter of spine connector 702 to prevent detachment of
spine connector 702 from support connector 706.
[0135] Referring now to FIGS. 26A and 26B, alterna-
tive exemplary snap fit system 710 for coupling the pros-
thetic coaptation body to the detachable support is de-
scribed. As shown in FIG. 26A, spine connector 712,
which may be coupled to the spine of the prosthetic co-
aptation body, may have a tubular shape with a lumen
extending therethrough. Spine connector 712 may have
one or more protrusions 716 disposed onits outer surface
on aflexible portion defined by U-shaped slit 714. Support
connector 718, which may be coupled to the body support
catheter, may have a tubular shape having a lumen with
one or more grooves 719 along its mid-portion. Protru-
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sions 716 have a geometry corresponding to grooves
719 of support connector 718. Accordingly, as the prox-
imal end of spine connector 712 is inserted within the
lumen of support connector 718, the internal lumen of
support connector 718 pushes against protrusions 716
such that the flexible portion moves radially inward into
the lumen of spine connector 712 until protrusions 716
are aligned with grooves 719, and the flexible portion of
spine connector 712 returns to its natural state, thereby
locking spine connector 712 to support connector 718.
Grooves 719 may include a number of grooves corre-
sponding with the number of protrusions 716, or alterna-
tively, groove 719 may be a single groove extending cir-
cumferentially around the mid-portion of support connec-
tor 718. In addition, the distal end of the elongated rail
may be positioned within the inner diameter of spine con-
nector 712 to prevent detachment of spine connector 712
from support connector 718.

[0136] Referring now to FIGS. 27A and 27B, alterna-
tive exemplary snap fit system 720 for coupling the pros-
thetic coaptation body to the detachable support is de-
scribed. As shown in FIG. 27A, spine connector 722,
which may be coupled to the spine of the prosthetic co-
aptation body, may have a tubular shape with a lumen
extending therethrough. Spine connector 722 may have
one or more protrusions 724 disposed oniits outer surface
on a flexible portion defined by U-shaped slit 723. Support
connector 726, which may be coupled to the body support
catheter, may have a tubular shape having a lumen with
one or more grooves along its mid-portion. Protrusions
724 have a geometry corresponding to the one or more
grooves of support connector 726. Accordingly, as the
proximal end of spine connector 722 is inserted within
the lumen of support connector 726, the internal lumen
of support connector 726 pushes against protrusions 724
such that the flexible portion moves radially inward into
the lumen of spine connector 722 until protrusions 724
are aligned with the one or more grooves of support con-
nector 726, and the flexible portion of spine connector
722 returns toits natural state, thereby locking spine con-
nector 722 to support connector 726. The one or more
grooves may include a number of grooves corresponding
with the number of protrusions 724, or alternatively, may
be a single groove extending circumferentially around
the mid-portion of support connector 726.

[0137] Referring now to FIGS. 28A and 28B, exempla-
ry hybrid snap and interlinking connector system 730 for
coupling the prosthetic coaptation body to the detachable
support is described. Spine connector 731, which may
be coupled to the spine of the prosthetic coaptation body,
may have proximal portion 732 having an outer diameter
that is larger than an outer diameter of a mid-portion of
spine connector 731. In addition, spine connector 731
may have a distal portion having an outer diameter that
is larger than an outer diameter of a mid-portion of spine
connector 731. Support connector 733, which may be
coupled to body support catheter distal portion 320 of the
support, may have a tubular shape having a cavity there-
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in. The distal portion of the cavity may have a diameter
equal to the outer diameter of the mid-portion of spine
connector 731, and proximal portion 736 of the cavity
may have a diameter equal to the outer diameter of prox-
imal portion 732 of spine connector 731. Support con-
nector 733 may have one or more slits 734 for providing
relief to support connector 733 as spine connector 731
is inserted within the cavity of support connector 733. In
addition, support connector 733 may have a plurality of
ridges 735 disposed along its outer surface. Accordingly,
as spine connector 731 is inserted into the cavity of sup-
port connector 733, the distal portion of support connec-
tor 733 will expand radially outward via slits 734 until
proximal portion 732 of spine connector 731 is aligned
with proximal portion 736 of the cavity of support con-
nector 733, and the distal portion of support connector
733 returns to its natural state, thereby locking spine con-
nector 731 to support connector 733. Hybrid snap and
interlinking connector system 730 further may include
compression sleeve 737, which may be slidably disposed
over support connector 733. When compression sleeve
737 is disposed over support connector 733, plurality of
ridges 735 engage with the inner surface of compression
sleeve 737 to further lock compression sleeve 737 with
support connector 733.

[0138] Referring now to FIG. 29, another exemplary
hybrid snap and interlinking connector system 740 for
coupling the prosthetic coaptation body to the detachable
support is described. System 740 is constructed similar
to interlinking connector system 230 of FIGS. 15A and
15B. For example, system 740 includes spine connector
741, support connector 742, and sleeve which may be a
compression sleeve or other mean to keep interlinking
elementtogether 746. In addition, support connector 742
may have proximal portion 744 having a plurality of open-
ings 745 for facilitating coupling of support connector 742
to the body support catheter, as described with regard
to the interlinking connector system of FIG. 16A. System
740 differs from system 230 in that support connector
742 may have a plurality of ridges 743 disposed along
its outer surface. The ridges may have a directional bias,
like a barb, to allow movement of sleeve 746 in one di-
rection, while inhibiting movement of sleeve 746 in the
other direction. Accordingly, when spine connector 741
is engaged with support connector 742, and compression
sleeve 746 is disposed over spine connector 741 and
support connector 742, plurality of ridges 743 engage
with the inner surface of compression sleeve 746 to fur-
ther lock compression sleeve 746 with spine connector
741 and support connector 742.

[0139] Referring now to FIG. 30, an exemplary thread-
ed system for coupling the prosthetic coaptation body to
the detachable support is described. Threaded system
750 includes spine connector 751 having first threaded
portion 752, support connector 753 having second
threaded portion 755, and compression sleeve 765 hav-
ing a third threaded portion for engaging with first thread-
ed portion 752 and second threaded portion 755. As
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shown in FIG. 30, spine connector 751 may be coupled
to support connector 753 via first threaded portion 752,
second threaded portion 755, and compression sleeve
756.

[0140] Referring now to FIGS. 31A and 31B, another
exemplary threaded system for coupling the prosthetic
coaptation body to the detachable support is described.
As shown in FIG. 31A, spine connector 765, which may
be coupled to the spine of the prosthetic coaptation body,
may have a tubular shape. Support connector 761, which
may be coupled to the body support catheter, may have
threaded portion 762 and one or more prongs 767 defined
by one or more slits 763 distal to threaded portion 762.
Slits 763 provide relief to prongs 767 as spine connector
765 is inserted into the lumen of support connector 761.
When spine connector 765 is inserted into the lumen of
support connector 761, threaded compression sleeve
764 may be advanced distally, e.g., via rotation of thread-
ed compression sleeve 764, over threaded portion 762
and prongs 767, thereby causing prongs 767 to move
radially inward and push against spine connector 765 to
lock spine connector 765 to support connector 761.
[0141] Referring now to FIG. 32, an alternative exem-
plary heart valve therapeutic device having two anchors
is described. As shown in FIG. 32, anchor tube 360 may
be coupled to anchor 500 for implantation at a first loca-
tion within the patient’s vasculature to support and main-
tain the prosthetic coaptation body (not shown) within the
native heart valve. In addition, anchor tube 360 may be
coupled to a second anchor 505, constructed similar to
anchor 500, at a second location proximal to the first lo-
cation within the patient’'s vasculature to provide addi-
tional support in maintaining anchor 500 at the first loca-
tion and the prosthetic coaptation body within the native
heart valve. Anchor 500 and second anchor 505 may
have similar or different stiffness, and may exhibit the
same or different radial force for anchoring in their re-
spective locations. The anchor tube may also be shaped
set so as to bias it away from the vessel wall to reduce
the risk of trauma.

[0142] The invention is not limited to the embodiments
described but may be varied in construction and detail
within the scope of the claims. For example, the order in
which the elongated rail, the body support catheter, and
the shaping catheter are disposed within each other to
form the support may vary. The described embodiments
are to be considered in all respects only as illustrative
and not restrictive. Any part of the device may be of a
material that is visible to equipment such as echo or x-
ray imaging equipment. The device may further comprise
a controller arranged to be implanted subcutaneously on
the support to allow the position of the prosthetic coap-
tation body to be changed after insertion. Electromag-
netic switches may be used to activate to alter the position
of the distal end of the support.

[0143] While preferred illustrative embodiments of the
invention are described above, it will be apparent to one
skilled in the art that various changes and modifications
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may be made therein without departing from the invention 4.
as set out in the claims.

The system of claim 3, wherein the body support

during delivery and detached atthe detachmentarea
by the actuator for implantation of the body support
catheter distal portion.

28

catheter distal portion comprises a distal body sup-
port locking portion (311), and a distal body support
connection portion (327) proximal to the distal body

Claims 5 support locking portion,
A system for implanting a therapeutic heart valve wherein the body support catheter proximal por-
device at a native heart valve of a patient’s heart, tion comprises a body support catheter connec-
the system comprising: tion (324) configured to transition between a col-
10 lapsed configuration where the body support
a coaptation body (200, 602) configured to be catheter connection engages with the distal
implanted at the native heart valve; body support connection portion and an expand-
a support (300) coupled to the coaptation body ed configuration where the body support cathe-
and comprising an elongated shaft and an an- ter connection disengages with the distal body
chor (500) configured to anchor the supportwith- 75 support connection portion, wherein the body
in the patient, the support configured to maintain support catheter comprises a body support cath-
the coaptation body at the native heart valve, eter lock (330) configured to move from a first
the elongated shaft of the support comprising a delivery position to a second locked position
distal, implantable portion (311) and a proximal, over the distal body support locking portion to
delivery portion (310); and 20 lock the body support catheter distal portion in
an actuator (108) coupled to the support, the an implantable configuration,
actuator configured to cause the proximal, de- wherein the body support catheter proximal por-
livery portion to detach from the distal, implant- tion comprises a body support catheter pusher
able portion at a detachment area (301) within (332) configured to move the body support cath-
the patient responsive to actuation, 25 eter lock from the first delivery position where
characterized in that, the body support catheter connection is main-
the support comprises an elongated rail (302) tained in its collapsed configuration, to the sec-
extending from the actuator to the coaptation ond locked position where the body support
body and having a preformed bend, and a shap- catheter lock is positioned over the distal body
ing catheter (340) coaxial to the elongated rail, 30 support locking portion to lock the body support
and catheter distal portion in the implantable config-
the shaping catheter (340) is configured to bend uration, and
and straighten the elongated rail based on the wherein the body support catheter pusher is
relative axial position between the first catheter configured to be retracted proximally to expose
and the elongated rail. 35 the body support catheter connection such that
the body support catheter connection transitions
The system of claim 1, wherein the elongated rail from the collapsed configuration to the expand-
comprises an elongated rail distal portion (302) at ed configuration.
the distal, implantable portion of the elongated shaft
and an elongated rail proximal portion (304) atthe 40 5. The system of any of the preceding claims, wherein
proximal, delivery portion of the elongated shaft, the the shaping catheter comprises a shaping catheter
elongated rail distal portion configured to be attached distal portion (340) at the distal, implantable portion
to the elongated rail proximal portion during delivery of the elongated shaft and a shaping catheter prox-
and detached at the detachment area by the actuator imal portion (346) at the proximal, delivery portion of
for implantation of the elongated rail distal portion. 45 the elongated shaft, the shaping catheter distal por-
tion configured to be attached to the shaping catheter
The system of claim 1 or 2, wherein the support com- proximal portion during delivery and detached at the
prises a body support catheter comprising a body detachment area by the actuator for implantation of
support catheter distal portion (320) at the distal, im- the shaping catheter distal portion.
plantable portion of the elongated shaft and a body 50
support catheter proximal portion (326) at the prox- 6. The system of claim 5, wherein the shaping catheter
imal, delivery portion of the elongated shaft, the body distal portion comprises a distal shaping locking por-
support catheter distal portion configured to be at- tion (342), and
tached to the body support catheter proximal portion
55

a distal shaping connection portion (343) prox-
imal to the distal shaping locking portion,

wherein the shaping catheter proximal portion
comprises a shaping catheter connection (344)
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configured to transition between a collapsed
configuration where the shaping catheter con-
nection engages with the distal shaping connec-
tion portion and an expanded configuration
where the shaping catheter connection disen-
gages with the distal shaping connection por-
tion,

wherein the shaping catheter comprises a shap-
ing catheter lock (348) configured to move from
a first delivery position to a second locked posi-
tion over the distal shaping locking portion to
lock the shaping catheter distal portion in anim-
plantable configuration,

wherein the shaping catheter proximal portion
comprises a shaping catheter pusher (350) con-
figured to move the shaping catheter lock from
the first delivery position where the shaping
catheter connection is maintained in its col-
lapsed configuration, to the second locked po-
sition where the shaping catheter lock is posi-
tioned over the distal shaping locking portion to
lock the shaping catheter distal portion in the
implantable configuration, and

wherein the shaping catheter pusher is config-
ured to be retracted proximally to expose the
shaping catheter connection such that the shap-
ing catheter connection transitions from the col-
lapsed configuration to the expanded configu-
ration.

The system of claim 1, wherein the anchor is config-
ured to anchor the support to a blood vessel coupled
to the heart and/or wherein the anchor is a tapered
stent (504).

The system of any of the preceding claims, wherein
the support comprises an anchor tube (360) coupled
to the distal, implantable portion of the elongated
shaft of the support, and

wherein the anchor is coupled to the anchor tube.

The system of claim 8, wherein the anchor tube com-
prises an anchor tube distal portion (380) at the dis-
tal, implantable portion of the elongated shaft and
an anchor tube proximal portion (382) at the proxi-
mal, delivery portion of the elongated shaft, the an-
chor tube distal portion configured to be attached to
the anchor tube proximal portion during delivery and
detached at the detachment area by the actuator for
implantation of the anchor tube distal portion, where-
in the anchor tube distal portion comprises a distal
anchor tube connection portion (381), wherein the
anchor tube comprises an anchor tube connection
(384) configured to transition between a collapsed
configuration where the anchor tube connection en-
gages with the distal anchor tube connection portion
and an expanded configuration where the anchor
tube connection disengages with the distal anchor
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tube connection portion, and wherein the anchor
tube further comprises an anchor tube sleeve (390)
configured to move from a first delivery position
where anchor tube connection is maintained in the
collapsed configuration, to a second retrieval posi-
tion such that the anchor tube connection transitions
fromits collapsed configuration to the expanded con-
figuration.

The system of claim 1, wherein the support compris-
es a body support catheter (320), the elongated rail
(302) disposed within the body support catheter
(320) disposed within the shaping catheter (340),
and

wherein distal portions of each of the elongated rail
(302), the shaping catheter, and the body support
catheter are configured to lock together within the
patient responsive to actuation.

The system of any of the preceding claims, wherein
the coaptation body comprises a frame (205, 240,
250, 260, 632) forming a conduit, an outer skirt (220,
636), and a plurality of prosthetic leaflets (218, 634),
the frame comprising a proximal ring (206, 242, 252,
262) and a distal ring (214, 246, 256, 266), and op-
tionally wherein the proximal ring is coupled to a plu-
rality of prosthetic leaflets anchors (212, 245, 255,
265), the plurality of prosthetic leaflets anchors com-
prising a plurality of suture eyelets configured to per-
mit suturing of the plurality of prosthetic leaflets to
the frame, and optionally wherein the frame further
comprises an inner ring (210, 644) disposed distal
to the proximal ring, the inner ring coupled to the
proximal ring via the plurality of prosthetic leaflets
anchors.

The system of any of the preceding claims, wherein
the coaptation body comprises a spine (201) config-
ured to be coupled to the support, and wherein the
proximal ring is coupled to the spine via a plurality
of proximal tethers (208, 244, 254, 264 ), and the dis-
tal ring is coupled to the spine via a plurality of distal
tethers (216, 248, 258, 268).

The system of claim 12, wherein the spine comprises
a spine connector (221, 224, 232, 702, 712, 722,
731, 741, 765) having a first geometry, and
wherein a distal end of the support comprises a sup-
port connector (362, 370, 706, 718, 726, 733, 742,
753, 761) having a second geometry configured to
engage with the first geometry of the spine connec-
tor.

The system of claim 13, wherein the support further
comprises a sleeve (234, 737, 746, 756, 764) con-
figured to be disposed over the support connector
and the spine connector when the support connector
is engaged with the spine connector, and/or
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wherein the spine connector comprises at least
two prongs (226), each of the atleast two prongs
having a snap fit portion,

wherein the support connector comprises a cav-
ity having a first portion having a first cross-sec-
tional area and a second portion having a sec-
ond cross-sectional area larger than the first
cross-sectional area, and

wherein the spine connector is configured to be
inserted within the cavity of the support connec-
tor such thatthe atleast two prongs bend radially
inward until the snap fit portion of the at least
two prongs engages with the second portion of
the cavity, and/or

wherein the spine connector comprises a first
threaded portion (752), and

wherein the support connector comprises a sec-
ond threaded portion (755) configured to mate
with the first threaded portion of the spine con-
nector.

15. The system of any of the preceding claims, wherein

the coaptation body is a prosthetic valve with a plu-
rality of prosthetic leaflets (218, 634) configured to
open and close during the cardiac cycle.

Patentanspriiche

1.

System zur Implantation einer therapeutischen
Herzklappenvorrichtung an einer nativen Herzklap-
pe eines Herzens eines Patienten, wobei das Sys-
tem Folgendes umfasst:

einen Koaptationskorper (200, 602), der zur Im-
plantation an der nativen Herzklappe konfigu-
riert ist;

einen Trager (300), der mit dem Koaptations-
korper verbunden ist und einen langlichen
Schaft und einen Anker (500), der zur Veranke-
rung des Tragers in dem Patienten konfiguriert
ist, umfasst, wobei der Trager zum Halten des
Koaptationskorpers an der nativen Herzklappe
konfiguriertist, der Iangliche Schaft des Tragers
einen distalen, implantierbaren Teil (311) und
einen proximalen Zufiihrungsteil (310) umfasst;
und

ein Betatigungselement (108), das mit dem Tra-
ger verbunden ist, wobei das Betatigungsele-
ment konfiguriert ist, um die Abldsung des pro-
ximalen Zuflihrungsteils von dem distalen, imp-
lantierbaren Teil an einem Abldsebereich (301)
indem Patienten als Reaktion aufdie Betatigung
zu bewirken,

dadurch gekennzeichnet, dass

der Trager Folgendes umfasst: eine langliche
Stange (302), die sich von dem Betatigungse-
lement zu dem Koaptationskorper erstreckt und
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eine vorgeformte Biegung aufweist, und einen
formgebenden Katheter (340) koaxial zu der
langlichen Stange, und

der formgebende Katheter (340) zur Biegung
und Begradigung der langlichen Stange basie-
rend auf der relativen axialen Position zwischen
dem ersten Katheter und der langlichen Stange
konfiguriert ist.

System nach Anspruch 1, wobei die langliche Stan-
ge Folgendes umfasst: einen distalen Teil (302) der
langlichen Stange an dem distalen, implantierbaren
Teil des langlichen Schafts und einen proximalen
Teil (304) der langlichen Stange an dem proximalen
Zufuhrungsteil des langlichen Schafts, wobei der
distale Teil der langlichen Stange zur Anbringung an
dem proximalen Teil der langlichen Stange wahrend
der Zuflihrung und zur Ablésung an dem Abldsebe-
reich durch das Betatigungselement zur Implantati-
on des distalen Teils der Ianglichen Stange konfigu-
riert ist.

System nach Anspruch 1 oder 2, wobei der Trager
einen Korpertragerkatheter umfasst, der Folgendes
umfasst: einen distalen Teil (320) des Korpertrager-
katheters an dem distalen, implantierbaren Teil des
langlichen Schafts und einen proximalen Teil (326)
des Korpertragerkatheters an dem proximalen Zu-
fuhrungsteil des langlichen Schafts, wobei der dis-
tale Teil des Koérpertragerkatheters zur Anbringung
an dem proximalen Teil des Kdrpertragerkatheters
wahrend der Zufiihrung und zur Ablésung an dem
Ablésebereich durch das Betéatigungselement zur
Implantation des distalen Teils des Korpertragerka-
theters konfiguriert ist.

System nach Anspruch 3, wobei der distale Teil des
Korpertragerkatheters einen distalen Verriegelungs-
teil (311) des Korpertragers und einen distalen Ver-
bindungsteil (327) des Korpertragers proximal zu
dem distalen Verriegelungsteil des Koérpertragers
umfasst,

wobei der proximale Teil des Korpertragerka-
theters ein Verbindungselement (324) des Kor-
pertragerkatheters umfasst, das zum Ubergang
zwischen einer zusammengeschobenen Konfi-
guration, wo das Verbindungselement des Kor-
pertragerkathetersin den distalen Verbindungs-
teil des Korpertragers eingreift, und einer expan-
dierten Konfiguration, wo das Verbindungsele-
ment des Korpertragerkatheters von dem dista-
len Verbindungsteil des Korpertragers geldst
wird, konfiguriert ist, wobei der Koérpertragerka-
theter ein Verriegelungselement (330) des Kor-
pertragerkatheters umfasst, das zur Bewegung
von einer ersten Zufiihrungsposition zu einer
zweiten verriegelten Position Uber dem distalen
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Verriegelungsteil des Korpertragers konfiguriert
ist, um den distalen Teil des Korpertragerkathe-
ters in einer implantierbaren Konfiguration zu
verriegeln,

wobei der proximale Teil des Kdérpertragerka-
theters ein Schiebeelement (332) des Koérper-
tragerkatheters umfasst, das zur Bewegung des
Verriegelungselements des Korpertragerkathe-
ters von der ersten Zufiihrungsposition, wo das
Verbindungselement des Korpertragerkathe-
ters in dessen zusammengeschobener Konfigu-
ration gehalten wird, zu der zweiten verriegelten
Position, wo das Verriegelungselement des Kor-
pertragerkatheters Gber dem distalen Verriege-
lungsteil des Koérpertragers positioniert ist, kon-
figuriert ist, um den distalen Teil des Korpertra-
gerkatheters in der implantierbaren Konfigurati-
on zu verriegeln, und

wobei das Schiebeelement des Kdrpertragerka-
theters zum proximalen Zuriickziehen konfigu-
riert ist, um das Verbindungselement des Kor-
pertragerkatheters freizulegen, sodass das Ver-
bindungselement des Korpertragerkatheters
von der zusammengeschobenen Konfiguration
zu der expandierten Konfiguration ibergeht.

System nach einem der vorstehenden Anspriiche,
wobei der formgegebene Katheter einen distalen
Teil (340) des formgegebenen Katheters an dem dis-
talen, implantierbaren Teil des langlichen Schafts
und einen proximalen Teil (346) des formgegebenen
Katheters an dem proximalen Zufiihrungsteil des
langlichen Schafts umfasst, wobei der distale Teil
des formgegebenen Katheters zur Anbringung an
dem proximalen Teil des formgegebenen Katheters
wahrend der Zuflihrung und zur Ablésung an dem
Ablésebereich durch das Betatigungselement zur
Implantation des distalen Teils des formgegebenen
Katheters konfiguriert ist.

System nach Anspruch 5, wobei der distale Teil des
formgegebenen Katheters einen distalen formge-
benden Verriegelungsteil (342) und

einen distalen formgebenden Verbindungsteil
(343) proximal zu dem distalen formgebenden
Verriegelungsteil umfasst,

wobei der proximale Teil des formgegebenen
Katheters ein Verbindungselement (344) des
formgegebenen Katheters umfasst, das zum
Ubergang zwischen einer zusammengescho-
benen Konfiguration, wo das Verbindungsele-
ment des formgegebenen Katheters in den dis-
talen formgebenden Verbindungsteil eingreift,
und einer expandierten Konfiguration, wo das
Verbindungselement des formgegebenen Ka-
theters von dem distalen formgebenden Verbin-
dungsteil gelést wird, konfiguriert ist,
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wobei der formgegebene Katheter ein Verriege-
lungselement (348) des formgegebenen Kathe-
ters umfasst, das zur Bewegung von einer ers-
ten Zufiihrungsposition zu einer zweiten verrie-
gelten Position Gber dem distalen formgeben-
den Verriegelungsteil konfiguriert ist, um den
distalen Teil des formgegebenen Katheters in
einer implantierbaren Konfiguration zu verrie-
geln,

wobei der proximale Teil des formgegebenen
Katheters ein Schiebeelement (350) des form-
gegebenen Katheters umfasst, das zur Bewe-
gung des Verriegelungselements des formge-
gebenen Katheters von der ersten Zuflihrungs-
position, wo das Verbindungselement des form-
gegebenen Katheters in dessen zusammenge-
schobener Konfiguration gehalten wird, zu der
zweiten verriegelten Position, wo das Verriege-
lungselement des formgegebenen Katheters
Uber dem distalen formgegebenen Verriege-
lungsteil positioniert ist, konfiguriert ist, um den
distalen Teil des formgegebenen Katheters in
derimplantierbaren Konfiguration zu verriegeln,
und

wobeidas Schiebeelement des formgegebenen
Katheters zum proximalen Zuriickziehen konfi-
guriert ist, um das Verbindungselement des
formgegebenen Katheters freizulegen, sodass
das Verbindungselement des formgegebenen
Katheters von der zusammengeschobenen
Konfiguration zu der expandierten Konfiguration
Ubergeht.

System nach Anspruch 1, wobei der Anker zur Ver-
ankerung des Tragers an einem Blutgefal, das mit
dem Herzen verbunden ist, konfiguriert ist und/oder
wobei der Anker ein verjiingter Stent (504) ist.

System nach einem der vorstehenden Anspriiche,
wobei der Trager ein Ankerrohr (360) umfasst, das
mitdem distalen, implantierbaren Teil des langlichen
Schafts des Tragers verbunden ist, und

wobei der Anker mit dem Ankerrohr verbunden ist.

System nach Anspruch 8, wobei das Ankerrohr ei-
nen distalen Teil (380) des Ankerrohrs an dem dis-
talen, implantierbaren Teil des langlichen Schafts
und einen proximalen Teil (382) des Ankerrohrs an
dem proximalen Zufiihrungsteil des langlichen
Schafts umfasst, wobei der distale Teil des Anker-
rohrs zur Anbringung an dem proximalen Teil des
Ankerrohrs wahrend der Zufiihrung und zur Abl6-
sung an dem Ablésebereich durch das Betatigungs-
element zur Implantation des distalen Teils des An-
kerrohrs konfiguriert ist, wobei der distale Teil des
Ankerrohrs einen distalen Verbindungsteil (381) des
Ankerrohrs umfasst, wobei das Ankerrohr ein Anker-
rohrverbindungselement (384) umfasst, das zum
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Ubergang zwischen einer zusammengeschobenen
Konfiguration, wo das Ankerrohrverbindungsele-
ment in den distalen Verbindungsteil des Ankerrohrs
eingreift, und einer expandierten Konfiguration, wo
das Ankerrohrverbindungselement von dem dista-
len Verbindungsteil des Ankerrohrs geldst wird, kon-
figuriert ist und wobei das Ankerrohr weiter eine An-
kerrohrhiilse (390) umfasst, die zur Bewegung von
einer ersten Zufiihrungsposition, wo das Ankerrohr-
verbindungselementin derzusammengeschobenen
Konfiguration gehalten wird, zu einer zweiten Ent-
nahmeposition konfiguriert ist, sodass das Anker-
rohrverbindungselement von dessen zusammenge-
schobener Konfiguration zu der expandierten Kon-
figuration Ubergeht.

System nach Anspruch 1, wobei der Trager einen
Korpertragerkatheter (320) umfasst, wobei die Iang-
liche Stange (302) innerhalb des Korpertragerkathe-
ters (320) angeordnet ist, der innerhalb des formge-
benden Katheters (340) angeordnet ist, und

wobei distale Teile von jedem der l&nglichen Stange
(302), des formgebenden Katheters und des Korper-
tragerkatheters zur Verriegelung miteinanderin dem
Patienten als Reaktion auf die Betatigung konfigu-
riert sind.

System nach einem der vorstehenden Anspriiche,
wobei der Koaptationskdrper Folgendes umfasst: ei-
nen Rahmen (205, 240, 250, 260, 632), der eine Lei-
tung bildet, einen auReren Mantel (220, 636) und
eine Vielzahl von prothetischen Segeln (218, 634),
wobei der Rahmen einen proximalen Ring (206, 242,
252, 262) und einen distalen Ring (214, 246, 256,
266) umfasst und optional wobei der proximale Ring
mit einer Vielzahl von Verankerungen (212, 245,
255, 265) fir prothetische Segel verbunden ist, wo-
bei die Vielzahl von Verankerungen fir prothetische
Segel eine Vielzahl von Osen fiir Nahtmaterial um-
fasst, die konfiguriert sind, um das Annahen der Viel-
zahl von prothetischen Segel an den Rahmen zu er-
moglichen, und optional wobei der Rahmen weiter
einen inneren Ring (210, 644) umfasst, der distal zu
dem proximalen Ring angeordnet ist, wobei der in-
nere Ring mitdem proximalen Ring Uber die Vielzahl
von Verankerungen fir prothetische Segel verbun-
den ist.

System nach einem der vorstehenden Anspriiche,
wobei der Koaptationskorper eine Hauptsaule (201)
umfasst, die zur Verbindung mit dem Trager konfi-
guriert ist, und wobei der proximale Ring mit der
Hauptsaule Uber eine Vielzahl von proximalen Hal-
tebandern (208, 244, 254, 264) verbunden ist und
der distale Ring mit der Hauptsaule iber eine Viel-
zahl von distalen Halteba&ndern (216, 248, 258, 268)
verbunden ist.
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System nach Anspruch 12, wobei die Hauptsaule
ein Hauptsaulenverbindungselement (221, 224,
232,702,712,722,731,741,765) umfasst, das eine
erste Geometrie aufweist, und

wobei ein distales Ende des Tragers ein Tragerver-
bindungselement (362,370, 706,718,726,733,742,
753, 761) umfasst, das eine zweite Geometrie auf-
weist, die zum Eingreifen in die erste Geometrie des
Hauptsaulenverbindungselements konfiguriert ist.

System nach Anspruch 13, wobei der Trager weiter
eine Hilse (234, 737, 746, 756, 764) umfasst, die
zur Anordnung Uber dem Tragerverbindungsele-
ment und dem Hauptsaulenverbindungselement
konfiguriert ist, wenn das Tragerverbindungsele-
ment in das Hauptsaulenverbindungselement ein-
greift, und/oder

wobei das Hauptsaulenverbindungselement
mindestens zwei Zinken (226) umfasst, wobei
jeder der mindestens zwei Zinken einen
Schnappverschlussteil aufweist,

wobei das Tragerverbindungselement einen
Hohlraum umfasst, der Folgendes aufweist: ei-
nen ersten Teil, der einen ersten Querschnitts-
bereich aufweist, und einen zweiten Teil, der ei-
nen zweiten Querschnittsbereich aufweist, der
groRerist als der erste Querschnittsbereich, und
wobeidas Hauptsaulenverbindungselement zur
Einflhrung in den Hohlraum des Tragerverbin-
dungselements konfiguriert ist, sodass die min-
destens zwei Zinken radial nach innen gebogen
werden, bis der Schnappverschlussteil der min-
destens zwei Zinken in den zweiten Teil des
Hohlraums eingreift, und/oder

wobeidas Hauptsaulenverbindungselementein
erstes Gewindeteil (752) umfasst und

wobei das Tragerverbindungselement einen
zweiten Gewindeteil (755) umfasst, der zum Zu-
sammenpassen mitdem ersten Gewindeteil des
Hauptsaulenverbindungselements konfiguriert
ist.

System nach einem der vorstehenden Anspriiche,
wobei der Koaptationskorper eine Klappenprothese
mit einer Vielzahl von prothetischen Segeln (218,
634)ist, die zum Offnen und SchlieRen wahrend des
Herzzyklus konfiguriert sind.

Revendications

Systeme destiné a implanter un dispositif de valvule
cardiaque thérapeutique au niveau d'une valvule
cardiaque native du coeur d’un patient, le systeme
comprenant :

un corps de coaptation (200, 602) configuré pour
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étre implanté au niveau de la valvule cardiaque
native ;

un support (300) couplé au corps de coaptation
et comprenant un arbre allongé et une ancre
(500) configurée pour ancrer le support au sein
du patient, le support configuré pour maintenir
le corps de coaptation au niveau de la valvule
cardiaque native, l'arbre allongé du support
comprenant une partie implantable, distale
(311) et une partie de délivrance, proximale
(310) ; et

un actionneur (108) couplé au support, I'action-
neur configuré pour amener la partie de déli-
vrance, proximale a se détacher de la partie im-
plantable, distale au niveau d’'une zone de dé-
tachement (301) au sein du patient en réponse
a l'actionnement,

caractérisé en ce que

le support comprend unrail allongé (302) s’éten-
dant de I'actionneur au corps de coaptation et
ayant une courbure préformée, et un cathéter
de fagonnage (340) coaxial par rapport au rail
allongé, et

le cathéter de fagonnage (340) est configuré
pour courber et redresser le rail allongé sur la
base de la position axiale relative entre le pre-
mier cathéter et le rail allongé.

Systeme selon la revendication 1, dans lequel le rail
allongé comprend une partie distale de rail allongé
(302) au niveau de la partie implantable, distale de
I'arbre allongé et une partie proximale de rail allongé
(304) au niveau de la partie de délivrance, proximale
de l'arbre allongé, la partie distale de rail allongé
configurée pour étre attachée a la partie proximale
de rail allongé pendant la délivrance et détachée au
niveau de la zone de détachement par 'actionneur
pour 'implantation de la partie distale de rail allongé.

Systeme selon la revendication 1 ou 2, dans lequel
le support comprend un cathéter de supportde corps
comprenant une partie distale de cathéter de support
de corps (320) au niveau de la partie implantable,
distale de I'arbre allongé et une partie proximale de
cathéter de support de corps (326) au niveau de la
partie de délivrance, proximale de I'arbre allongé, la
partie distale de cathéter de support de corps confi-
gurée pour étre attachée a la partie proximale de
cathéter de support de corps pendant la délivrance
et détachée au niveau de la zone de détachement
par l'actionneur pour I'implantation de la partie dis-
tale de cathéter de support de corps.

Systeme selon la revendication 3, danslequel la par-
tie distale de cathéter de support de corps comprend
une partie de verrouillage de support de corps distale
(311), etune partie de connexion de supportde corps
distale (327), proximale par rapport a la partie de

10

15

20

25

30

35

40

45

50

55

33

verrouillage de support de corps distale,

dans lequel la partie proximale de cathéter de
support de corps comprend une connexion de
cathéter de support de corps (324) configurée
pour effectuer une transition entre une configu-
ration repliée ou la connexion de cathéter de
support de corps entre en prise avec la partie
de connexion de support de corps distale etune
configuration déployée ou la connexion de ca-
théter de support de corps sort de prise d’avec
la partie de connexion de support de corps dis-
tale, dans lequel le cathéter de support de corps
comprend un élément de verrouillage de cathé-
ter de support de corps (330) configuré pour se
déplacer d’'une premiére position de délivrance
a une deuxieme position verrouillée sur la partie
de verrouillage de support de corps distale pour
verrouiller la partie distale de cathéter de sup-
port de corps dans une configuration implanta-
ble,

dans lequel la partie proximale de cathéter de
support de corps comprend un poussoir de ca-
théter de support de corps (332) configuré pour
déplacer I'élément de verrouillage de cathéter
de support de corps de la premiere position de
délivrance ou la connexion de cathéter de sup-
port de corps est maintenue dans sa configura-
tion repliée, a la deuxieme position verrouillée
ou I'élément de verrouillage de cathéter de sup-
port de corps est positionné sur la partie de ver-
rouillage de support de corps distale pour ver-
rouiller la partie distale de cathéter de support
de corps dans la configuration implantable, et
dans lequel le poussoir de cathéter de support
de corps est configuré pour étre rétracté de ma-
niére proximale pour exposer la connexion de
cathéter de support de corps de sorte que la
connexion de cathéter de support de corps ef-
fectue une transition de la configuration repliée
a la configuration déployée.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le cathéter de fagonnage
comprend une partie distale de cathéter de fagon-
nage (340) au niveau de la partie implantable, distale
de l'arbre allongé et une partie proximale de cathéter
de fagonnage (346) au niveau de la partie de déli-
vrance, proximale de I'arbre allongé, la partie distale
de cathéter de fagonnage configurée pour étre atta-
chée a la partie proximale de cathéter de fagonnage
pendant la délivrance et détachée au niveau de la
zone de détachement par I'actionneur pour 'implan-
tation de la partie distale de cathéter de fagonnage.

Systeme selon larevendication 5, dans lequel la par-
tie distale de cathéter de fagonnage comprend une
partie de verrouillage de fagonnage distale (342), et
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une partie de connexion de fagonnage distale
(343), proximale par rapport a la partie de ver-
rouillage de fagonnage distale,

dans lequel la partie proximale de cathéter de
fagonnage comprend une connexion de cathé-
ter de fagconnage (344) configurée pour effec-
tuer une transition entre une configuration re-
pliée ou la connexion de cathéter de fagconnage
entre en prise avec la partie de connexion de
fagonnage distale et une configuration déployée
ou la connexion de cathéter de fagonnage sort
de prise d’avec la partie de connexion de fagon-
nage distale,

dans lequel le cathéter de fagonnage comprend
un élément de verrouillage de cathéter de fa-
connage (348) configuré pour se déplacer d’'une
premiére position de délivrance a une deuxieme
position verrouillée sur la partie de verrouillage
de faconnage distale pour verrouiller la partie
distale de cathéter de fagonnage dans une con-
figuration implantable,

dans lequel la partie proximale de cathéter de
fagonnage comprend un poussoir de cathéter
de fagonnage (350) configuré pour déplacer
I'élément de verrouillage de cathéter de fagon-
nage de la premiére position de délivrance ou
la connexion de cathéter de fagonnage est main-
tenue dans sa configuration repliée, ala deuxié-
me position verrouillée ou I'élément de ver-
rouillage de cathéter de fagonnage est position-
né sur la partie de verrouillage de faconnage
distale pour verrouiller la partie distale de cathé-
ter de fagonnage dans la configuration implan-
table, et

dans lequel le poussoir de cathéter de fagonna-
ge est configuré pour étre rétracté de maniere
proximale pour exposer la connexion de cathé-
ter de fagonnage de sorte que la connexion de
cathéter de fagonnage effectue une transition
de la configuration repliée a la configuration dé-
ployée.

Systeme selon la revendication 1, dans lequel I'an-
cre est configurée pour ancrer le support a un vais-
seau sanguin couplé au coeur et/ou dans lequel I'an-
cre est une endoprothése effilée (504).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le support comprend un
tube d’ancre (360) couplée a la partie implantable,
distale de I'arbre allongé du support, et

dans lequel I'ancre est couplé au tube d’ancre.

Systeme selon larevendication 8, dans lequel le tube
d’ancre comprend une partie distale de tube d’ancre
(380) au niveau de la partie implantable, distale de
I'arbre allongé et une partie proximale de tube d’an-
cre (382) au niveau de la partie de délivrance, proxi-
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male de I'arbre allongé, la partie distale de tube d’an-
cre configurée pour étre attachée a la partie proxi-
male de tube d’ancre pendant la délivrance et déta-
chée au niveau de la zone de détachement par I'ac-
tionneur pour l'implantation de la partie distale de
tube d’ancre, dans lequel la partie distale de tube
d’ancre comprend une partie de connexion de tube
d’ancre distale (381), dans lequel le tube d’ancre
comprend une connexion de tube d’ancre (384) con-
figurée pour effectuer une transition entre une con-
figuration repliée ou la connexion de tube d’ancre
entre en prise avec la partie de connexion de tube
d’ancre distale et une configuration déployée ou la
connexion de tube d’ancre sort de prise d’avec la
partie de connexion de tube d’ancre distale, et dans
lequel le tube d’ancre comprend en outre un man-
chon de tube d’ancre (390) configuré pour se dépla-
cer d’une premiere position de délivrance ou la con-
nexion de tube d’ancre est maintenue dans la con-
figuration repliée, a une deuxiéme position de retrait
de sorte que la connexion de tube d’ancre effectue
une transition de sa configuration repliée a la confi-
guration déployée.

Systeme selon larevendication 1, danslequel le sup-
port comprend un cathéter de support de corps
(320), le rail allongé (302) disposé au sein du cathé-
ter de support de corps (320) disposé au sein du
cathéter de fagonnage (340), et

dans lequel les parties distales de chacun du rail
allongé (302), du cathéter de fagonnage, et du ca-
théter de support de corps sont configurées pour se
verrouiller ensemble au sein du patient en réponse
a un actionnement.

Systeme selon 'une quelconque des revendications
précédentes, dans lequel le corps de coaptation
comprend un cadre (205, 240, 250, 260, 632) for-
mant un conduit, une jupe externe (220, 636), etune
pluralité de feuillets prosthétiques (218, 634), le ca-
dre comprenant un anneau proximal (206, 242, 252,
262) et un anneau distal (214, 246, 256, 266), et
facultativement dans lequel 'anneau proximal est
couplé a une pluralité d’ancres de feuillets prosthé-
tiques (212, 245, 255, 265), la pluralité d’ancres de
feuillets prosthétiques comprenant une pluralité
d’oeillets de suture configurés pour permettre la su-
ture de la pluralité de feuillets prosthétiques au ca-
dre, et facultativement dans lequel le cadre com-
prend en outre un anneau interne (210, 644) disposé
distal par rapport a 'anneau proximal, I'anneau in-
terne couplé a I'anneau proximal via la pluralité d’an-
cres de feuillets prosthétiques.

Systeme selon 'une quelconque des revendications
précédentes, dans lequel le corps de coaptation
comprend une aréte dorsale (201) configurée pour
étre couplée au support, et dans lequel I'anneau
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proximal est couplé al’aréte dorsale via une pluralité
d’attaches proximales (208, 244, 254, 264), et I'an-
neau distal est couplé a I'aréte dorsale via une plu-
ralité d’attaches distales (216, 248, 258, 268).

Systeme selon la revendication 12, dans lequel I'aré-
te dorsale comprend un connecteur d’aréte dorsale
(221, 224,232,702,712, 722,731, 741, 765) ayant
une premiere géomeétrie, et

dans lequel une extrémité distale du support com-
prend un connecteur de support (362, 370, 706, 718,
726, 733, 742, 753, 761) ayant une deuxiéme géo-
métrie configurée pour entrer en prise avec la pre-
miére géométrie du connecteur d’aréte dorsale.

Systeme selon la revendication 13, dans lequel le
support comprend en outre un manchon (234, 737,
746, 756, 764) configuré pour étre disposé sur le
connecteur de support et le connecteur d’aréte dor-
sale quand le connecteur de support est entré en
prise avec le connecteur d’aréte dorsale, et/ou

dans lequel le connecteur d’aréte dorsal com-
prend au moins deux branches (226), chacune
des au moins deux branches ayant une partie
d’encliquetage,

dans lequel le connecteur de support comprend
une cavité ayant une premiére partie ayant une
premiére aire de la section droite et une deuxié-
me partie ayant une deuxiéme aire de la section
droite plus grande que la premiére aire de la
section droite, et

dans lequel le connecteur d’aréte dorsale est
configuré pour étre inséré au sein de la cavité
du connecteur de support de sorte que les au
moins deux branches plient de maniére radiale
vers l'intérieur jusqu’a ce que la partie d’encli-
quetage des au moins deux branches entre en
prise avec la deuxiéme partie de la cavité, et/ou
dans lequel le connecteur d’aréte dorsale com-
prend une premiére partie filetée (752), et
dans lequel le connecteur de support comprend
une deuxieme partie filetée (755) configurée
pour s’accoupler avec la premiére partie filetée
du connecteur d’'aréte dorsale.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le corps de coaptation est
une valvule prosthétique avec une pluralité de
feuillets prosthétiques (218, 634) configurés pour
s’ouvrir et se fermer pendant le cycle cardiaque.
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